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BIOGEOCENOLOGY, GEOBOTANY
AND PHYTOCENOLOGY

WWW.LER].CILIA
A. V. Bogovin & Dr. Sci. (Agric.), Professor

I\

National Research Centre “Institute of Agriculture
UDK 631 of the NAAS”, Mashinostroitelei str., 2-b, Chabany,
Kyiv region, Ukraine, 08162

CONTRIBUTION OF NATIONAL SCIENTIFIC CENTER
"INSTITUTE OF AGRICULTURE NAAS" IN THE DEVELOPMENT
OF ECOLOGIC-BIOLOGICAL AND AGROTECHNICAL BASES
OF MEADOW SCIENCE IN UKRAINE

Abstract. In this article the history of the formation of the National Scientific Center "Institute
of Agriculture NAAS" of Ukrainian Academy of Agrarian Sciences of Ukraine is briefly presented. It
is noted that it started its existence in 1900 as agrochemical laboratory of Kiev Society Agriculture
and Agricultural Industry and in 1935 it already became multidisciplinary and influential research
institution in problems of agriculture, that was widely recognized in Ukraine, Soviet Union and far
abroad. After establishing of the Department fodder production in it in 1944, then the Department of
Meadow Science and now the Department of forage production and Meadow Science, the Institute
has also done much in this field of knowledge.

Under the methodological guidance and direct participation of Institute in 1957-1961 years,
simultaneously with the examination of soil cover in Ukraine, continuous large-scale geobotanical
survey and culture-technical examination of hay-pasture lands had been done and regarding to each
farm type plans and cartograms of their improvements were made and have been widely used during
planning and implementation of works on improving the efficiency of the use of country's land
resources and valuation of soil.

The Institute investigated the natural essence of different types of meadows and developed
theoretical and practical problems of their flora, ecology, geography, classification, structure and a wide
range of measures to improve their ecological and biological, economic and environmental values. It
comprehensively elucidated the potential properties of perennial grasses and annual forage crops as
representatives of primary and the most determinative material-energetic link of natural and
anthropogenically transformed ecosystems, their degree of biological compatibility in coenoses and on
the basis of consideration of coenobiotical complementarity made selection and zoning of their mixtures
for different geographical areas of countries, environmental growing conditions and economic purpose.

A great work has been carried out to develop agrotechnics for cultivation of fodder crops, systems of
their fertilization, irrigation, use of biological nitrogen in meadow science, principles of optimizing of
spatial and functional organization of agricultural landscapes and ways of reproduction in their composition
of permanent herbaceous ecosystems, as stabilizing elements of natural and man-made systems.

The scientific basis for the creation and an effective use of irrigated and unirrigated pasture was
developed and for the first time in Ukraine, former Soviet Union and in the world the technology of

T Tel.: + 38044-526-71-26. E-mail: zemledel@mail.ru
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combined use of irrigated pasture with combination of large groups (20-25 ha in one array) with a daily
potion grazing of high yielding cows (4,5-5 thousand kg of milk.) by large herds (up to 500-600 heads
in the herd) was perfected and implemented in production andduring the XII International Congress on
Meadow Science held in Moscow in 1974, received the highest rating from world leading meadow.

The methodical base of systematic study of biotic systems and their biodiversity through
extensive involvement in the research process of different physiognomic, floristry, individualistic and
functionally-group ratings of biomorphological, trophic, destructive, ecological and many other
important system properties was significantly expanded.

Also the participation in international scientific congresses and symposia on meadow science,
that were held in foreign countries, and representation of employees in their governing bodies had
been shown in the article.

Keywords: meadow science, natural and man-made lukopasovyschni ecosystems, biodiversity,
productivity, function-group methods research environment.

YK 631 A. B. borosuH 4-p C.-X. HayK, npod.

HauuoHanbHbIA HayuHbIi LeHTP «AHCTUTYT 3emnegenns HAAH»,
yn. MawwHocTponTeneit, 2-6, HabaHbl, Knuesckas 06n., Ykpavta, 08162,
Ten.: + 38044-526-71-26, e-mail: zemledel@mail.ru

BKNAL HALUMNOHAJIbBHOIO HAYYHOIO LLEHTPA
«MHCTUTYT SEMNEAE/INA HAAH» B PA3SBUTUE
SKON10INO-BNOJIOMMYECKUX N1 ATPOTEXHUYECKNX OCHOB
nyroBoiCTBA B YKPAVHE

AHHoTaumsA. B cTatbe KpaTKo 13/oXKeHa UCTOpUSA CTaHOB/IEHNA HauyoHaIbHOMro Hay4YHOro LieHTpa
«MHCTUTYT 3emnegenna HAAH» HaumoHanbHON akafiemun arpapHbIX HayK YKpavHbl. HauasLumii ceoe
cywectBoaHue B 1900 r. C arpoxvmmuyeckoit nabopatopum, OH Yxe K 1935 r. nmpeBpatuncs B
MHOrOMpPOMW/IbHOE BAUATENbHOE B 06/1aCTU 3eMMefie/ng  HayYHO-MCCIEjoBaTENbCKOE  YUPeXeHe B
YkpauHe. C o6pasoBaHviemM B 1944 1. B HeM OTfenla KOPMOMPOW3BOLCTBA, NMOTOM /IYrOBOACTBA U HblHE
KOPMONPOW3BOZCTBA W /yrOBOACTBA OH MHOIO CAEMNa W B 3TOV OTPaC/M 3HaHWIA.

o MeToAMYECKMM PYKOBOACTBOM M HEMOCPeLCTBEHHOM yyacTuu UHCTUTYTa B 1957-1961 rr.
OJHOBPEMEHHO CO CMJIOLLHBIM 06CNef0BaHMEM MOYBEHHOMO NMOKPOBA Y KpaviHbl, ObII0 OCYLLECTB/IEHO
KpynHOMacLLTabHOe reo60TaHNYecKoe U KyNbTypTEXHUYECKOE 06C1e0BaHNE MPUPOLHBIX KOPMOBBIX
Yroawii 1 1S BCeX XO3ANCTB pecry6/MKW COCTaBEHbI TUMbI 1YTOB W KapTOrpamMbl NX Yay4LLeHums,
KOTOpble Cbirpa/i GOMbLLYIO PO/b B MNMaHWPOBaHWUM W peann3auyn padoT MO MOBLILEHWIO WX
MPUPOAHO-PECYPCHOrO MoTeHLmana.

B nHCTUTYTe nccnefoBaHbl NMPUPOAHas CYLLHOCTb Pas/iMyHbIX TUMOB IYTroB, TEOPETUYECKUE U
npaKTuyeckmne NpobnemMbl UX (0PI, 3KOMOTUK, reorpaduu, Knaccuhukaumm n paspadoTaH LWMPOKMIA
KOMIMEKC TEXHOMNOMNYECKMX MPUEMOB MOBBILLEHNS UX 3KONOT0-OMONOrNYECKOi, XO3ANCTBEHHON U
NPUPOS00XPaHHON LEEHHOCTH.

[na pasHbIX TMNOB NYrOB U 30H YKpauHbl NofobpaHbl Nyyllmne BuAsl Tpas U UX TPaBOCMECH,
pa3paboTaHbl CUCTEMbl YA0OPEHUS, OPOLLEHUS, WCMOMb30BaHUA B NYroBOACTBE 6GUONOMMYECKOrO
asoTa, NpUHUMNbI  ynydlleHuss  c6anaHCMpOBaHHOCTM  TepPUTOPUATbHO-(YHKLMOHANBEHOM
OpraHu3auuM  arpapHbiX NaHAWadToB MyTeM YBEAWYEHWS B WUX COCTaBe CTabUAM3MPYIOLLMX
3/1eMeHTOB Ha 0a3e CO3[aHWS  30HA/IbHbIX  3KO/IOr0-6MOMOTMYECKUX CUCTEM C  BbICOKOM
CaMOBOCCTaHOBUTE/IbHON CNOCOBHOCTLIO.

3HaunTenbHOE  BHUMaHWe  YJeNeHo  M3y4YeHWo  61Mopa3Hoo6pasvsl  NPUPOAHBIX U
aHTPOMOTreHHbIX 3KOCUCTEM W pacluMpeHa MeToAuueckass 6asa WX W3YYeHUs C  LUMPOKUM
UCMONb30BaHMEM  (PU3NOTHOMUYECKMX, (DIIOPUCTUKO-UHANBULAYANCTUHECKUX W (DYHKLMOHAbHO-
rpPynnoBbIX METOLOB OLEHOK 6GMOMOP(ONOrMYeckuX, PUTMUYECKMX, 3KOMOTUYECKUX U ApYrux
CBOICTB 6GMOTUYECKUX KOMMEKCOB, Pa3paboTkKe 3(eKTUBHbLIX MyTeid cbanaHCMPOBAHHOTO WX
1CMOMb30BaHUA 1 OXpaHbl. [oKa3aHo yyacTvie pa3paboTyuMkoB B MexayHapoAHbIX KOHrpeccax M
CMMMNO3KyMax Mo JyroBOACTBY, COCTOABLUMXCA B CTPaHaX Ja/ibHero 3apy6exnbs.

Kniouesble cfosa: /yroBOACTBO, MPUPOAHbIE U @HTPOMNOreHHbIe  yronacToOuLLHbIE
aKocucTeMbl, 6ruopasHoobpasue, NPOAYKTUBHOCTb, (PYHKLUMOHAIbHO-TPYNNOBbIE METOAbI U3y4eHus,
OKpy>KatoLlas cpefa.
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HaujioHanbHwii HayKoBuin LeHTP «IHCTUTYT 3emnepobcTBa HAAHY,
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Ten.: + 38044-526-71-26, e-mail: zemledel@mail.ru

BHECOK HALIOHA/TBHOIO HAYKOBOI'O LIEHTPY
«IHCTUTYT 3EMJ/IEPOECTBA HAAH» Y PO3BUTOK
EKONOTIO-BIOJTOMNYHUX TA ATPOTEXHIYHNX OCHOB
NYKIBHULTBA B YKPAIHI

AHoTaUif. Y cTaTTi KOPOTKO NofjaHa icTopis CTaHOBMeHHs HalioHa/IbHOro HayKoBOro LiEHTPY
«IHcTUTYT 3emnepo6eTBa HAAH». BkasaHo, WO 3anoyaTKyBaBLUM CBOE iCHyBaHHA y 1900 p. 3
arpoximiyHoi  nabopatopii  KwiBcbkoro  ToBapucTBa  CiflbCbKOro  rocnogapcrea i
CiNbCbKOrocnoAapcbKoi MPOMMUCNIOBOCTI, BiH BXe A0 1935 p. nepeTBopuBcs B 6araTonpodinbHy
BNAMBOBY 3 Npo6fieM 3emnepobcTBa HayKOBO-AOCNIAHY YCTaHOBY, LUMPOKO BU3HaHY B YKpaiHi,
Coto3i Ta 3a iX Mexamu. 3 YTBOPEHHsM B HbOMy B 1944 p. Bigginy KOpMOBMPOOGHWLTBA, MOTIM
NYKIBHULUTBA i HAHI KOPMOBMPOBHMLTBA i NyKIBHULTBA IHCTUTYT Garato 3po6uB i y Uil ranysi 3HaHb.

Mig MeToAMYHUM KepiBHMLTBOM i 3a 6e3nocepeAHbol y4acTi iHCTUTYTY B 1957-1961 pp.
OAHOYACHO 3 06CTEXEHHSAM I'PYHTOBOrO MOKPUBY B YKpaiHi 34iACHEHO CyLifbHe BEMKOMACLLITabHe
reob6oTaHiyHe Ta KynbTypTeXHIYHE 0O6CTEXEHHS CIHOKICHO-NMACOBULLHNX YTiflb, CTOCOBHO [j0 KOXXHOIO
rocnofapcTBa CKIafeHo NiaHy TUNIB Ta KapTorpamMu iX NOMIMLLEHHS, AKi LWMPOKO 6ynn BUKOPUCTaHI
npy nnaHyBaHHi Ta peanisauii po6iT 3 NiABULLEHHA e(eKTUBHOCTI BUKOPUCTAHHS 3eMeSlbHUX
pecypciB KpaiHu, 60HITYBaHHS I'PYHTIB.

B iHCTUTYTi focnigkeHa NpUMpoAHa CYTHICTb Pi3HWMX TWUMIB lyK Ta Po3po6/eHO TeopeTWYHi i
MpPaKkTUYHI npobnemu X dnopw, ekonorii, reorpadii, Knacudikayii, CTPYKTYpU Ta LUMPOKWIA
KOMM/IEKC TEXHOMOFiYHMX 3aXO0AiB MifBULLEHHS TXHbOI eKonoro-6ionorivyHol, rocnogapcbkoi Ta
NPUPOLOOXOPOHHOT LIHHOCTI.

Benuka po6ota nposefeHa 3 Po3poBKM arpoTeXHIKW BYPOLLLYBaHHA KOPMOBYKX Ky/bTYp, CUCTEM iX
YO0BPEHHS, 3pOLLEHHS, BMKOPWUCTaHHA B JYKIBHWULUTBI 6i0N0OriYHOro asoTy, MPUHLMMIB ONTUMI3aLii
NPOCTOPOBO-(PYHKLOHaNLHOT OpraHisaLlii arpoiaHaLadTiB i cnocobiB BiATBOPEHHS B X CKMafj MOCTIAHMX
TpaB’AHUCTUX EKOCUCTEM AIK CTabiNi3yroUmnx eNeMeHTiB MPUPOAHO-aHTPOMOTEHHIX KOMI/IEKCIB.

Kntouosi cnosa: NyKiBHWLTBO, MPUPOAHI /i a@HTPOMOreHHi yKONACOBULLHI EKOCUCTEMM,
6iopi3HOMaHI T T, NPOAYKTWBHICTb, (DYHKLiOHabHO-TPYMNOBI METOAM AOCNIA>KEHb, AOBKIN/S.

HauioHanbHWin HaykoBWiA LEHTP «IHCTMTYT 3emnepo6ctBa HAAH» HauioHanbHOT
akaflemii arpapHuMx HayK YKpaiHu, MoyaBlUM CBOE iCHyBaHHA y 1900 p. 3 arpoximiyHoi
nabopatopii Kuniscbkoro ToBapncTBa Ciflb,CbKOro rocrnofapcTsa Ta CilbCbKOrocnoAapcbKoi
npomucnoBocTi (Sayko, 2000), Bxe g0 1935 p., CKOHLUEHTPYBaBLUM Y CBOEMY CKnafi
cysip’a TanaHoBUTUX YyyeHmx (I. . Maxos, O. |. OyweukiH, I'. M. Cambyp,
H. B. BepHaHgep, M. M. lognid, O. M. BuwuHcbkuia, M. O. OAMUTPeHKO, MisHie —
B. M. Jlebeges, O. C. CkoposymoB, B. O. lMacTyweHko Ta iH.), NMepeTBOPMBCSA B
GaratonpodifibHy A BMAMBOBY  HayKOBO-AOCMigHY YCTaHOBY  pecny6/iKaHCbKOro
MacLUTaby, LIMPOKO BU3HaHY B YKpaiHi, KonnwHboMy Coto3i Ta 3a oro Mexxamu.

IHCTUTYT (3 1935 p. — YKpaiHcbkuiA HAI couzemnepo6eTBa Hapkosemy YkpaiHu, 3
1956 p. — YkpaiHcbkuii HAI 3emnepo6etBa MCIT YPCP, 3 1992 p. — IHCTUTYT
3eMnepobcTBa YKpaiHCbKOI akafgemii arpapHmMx Hayk, a 3 2006 p. — HauioHanbHUiA
HayKoBWi1 LeHTp «IHCTUTYT 3emnepobcTBa HAAH» HaujioHanbHOT akageMil arpapHux Hayk
YKpaiHu), B TOI Yyac Matouy B YCixX 30HaX YKpaiHU LLUMPOKY Mepexy AOCNiAHMX CTaHLLii 3
BMBYEHHSA KOPiHHMX NTaHb 3eMn1epo6CTBa i arpoOHOMIT BiH 3aC/y)eHO 3aliHAB Nignpytoye
MONOXEHHS B KpaiHi 3 3a3HayeHWX npobneM, 6e33MiHHO 34iCHIOBAB KOOpAMHaLil0
JocnifpkeHb, 6paB aKTMBHY Yy4yacTb i BaroMo BMn/vBaB Ha (hOPMYBaHHA 3eM/1epO6CLKOI
MoNiTUKL B arponpoMUCIOBOMY CEKTOPI pecrybsiiku.

OfHOYacHO HCTUTYT Yy PO/ KepiBHMKa i 6Ge3nocepefHbOr0 BMKOHABLA 3A4IACHUB
BENMKY 11 YHIKa/IbHY 33 3HAYEHHSAM CroYaTKy BMOIPKOBO Ha perioHansHoMy piBHi (40-50-Ti pp.
XX cT.), a nisHiwe (1956-1961 pp.) 3A4iACHMB cyLiNbHe BeNMKOMAcLLUTabHe 06CTEXEHHSs
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'PYHTOBOrO MOKPMBY KpaiHW SIK BaXK/IMBOIO i peCypcHOro noTeHuiany Ta reoboTaHiuHe 1
Ky/IbTYPTEXHIYHE 0OCTEXEHHS NPUPOAHMX CIHOKOCIB i MacoBuLL, — HEBIA’EMHOI CK1afo0BoT
KOPMOBOT 6a3u TBapPUHHULITBA.

Pe3ynbTaT BUKOHaHHA NepLUol Yepru 3a3HayeHnx pobiT Oynu noknajeHi B OCHOBY
npoekTyBaHHA [MiBAeHHOYKpaiHCbKoro Ta KpacHO3HaM’AHCbKOTO MaricTpabHUX KaHaniB
30HM 3poweHHs KaxoBcbkoi MEC 1 po3pobky ipurauiiiHoi Mepexi Ta cucTemu
3emMnepobcTBa Ha 3powyBaHUX 3emnax [liBoHA YkpaiHuw, a 1956-1961 pp. -
YOCKOHANEHHS paiioHyBaHHS CiflbCbKOroCnoAapCbKoro BUPO6HMLTBA Ta PO3PO6KM CUCTEM
3em/1epo6CTBa 1 KOPMOBMPOBHULTBA B MEXKAX KOXHOI0 rocrnofapcTaa KpaiHu.

3HaYHMIN BHECOK Ha pI3HWMX €eTanax OpraHi3auiiiHOro CTaHOBMIEHHA IHCTUTYTY W
PO3BUTKY B HbOMY HayKOBUX AOCMIMKEHb 3p06Un aupekTopm: cnoyaTky M. P. Cnbo3KiH, a
notim I, I. XXykoB (1928-1932 pp.), O. I. Mogeur (1932-1935 pp.), K. C.-F. Hayk
M. 1. FnyxoB (1935-1937 pp.), K. c.-T. Hayk M. T. KoHoBanos (1937-1941 i 1945-1956 pp.),
npod. I'. I'. Maxos (1942-1944 pp.), A-p C.-T. HayK, npod). &. . KOxumuyk (1956-1968 pp.),
A-p c.-r. Hayk B. M. €BwmiHoB (1968-1983 pp.), 4-p C.-T. Hayk, npod., akag. HAAH
B. ®. Caiiko (1983-2011 pp.) i 3 2011 p. ychmilWHO 0O4YOMIOE A-p C.-T. HayK, mpod.,
un.-kop. HAAH B. ©. KamiHCbKuiA.

3 yTBOpeHHsM y 1944 p. B ycTaHOBi Bigdiny KopmMoBupo6HULTBA (MOTIM
NYKIBHWLTBA, & HMHI KOPMOBMPOGHULITBA i NYKIBHWLTBA) Ta MPUXOLOM 3 XapKiBCbKOro
iHCTUTYTY pOCNMHHUUTBA HAa Mocajy 3aBiflyBaya BXe [OCBig4eHOro cnewianicra
KaHAmpaTa, nisHiwe JOKTopa CiflbCbKOroCrnofapcbkux Hayk, npogecopa M. B. KykciHa —
KONMWHbLOro acnipaHta J1. I'. PameHcbkoro (B XapkoBi BiH 06iliMaB nocagy 3aBigyBaya
BiAAiNy KOPMOBWMX pecypciB), B IHCTUTYTI OGynu 3anoyaTkoBaHi i OTPUManM 3HAYHWIA
PO3BUTOK [OCNIMKEHHA 3 NYKIBHMLTBA AK BAXNMBOI rasly3i CiflbCbKOro rocrnogapcrsa.
HeBfoB3i Bigain 6yno nepeTBopeHO B KoopauHaliliHMiA ocepedok B YKpaiHi 3 nuTaHb
NYYHOTO /A MOMLOBOr0 KOPMOBMPOOHMLUTBA. B iHCTUTYTI Byna CTBOpeHa Meplia HaykoBa
WKOMa fYKIBHWKIB B KpaiHi, NpeACTaBHMKM AKOI B MOAIbLLUOMY MOKManM MoYaToK
[OCNIMKEHHAM 3 L€l ranysi 3HaHb y 6araTbox iHLWMX HayKOBO-JOCNIAHWX i HaBYa/IbHUX
yCTaHoBax pecrny6/1iku.

3 1974 p. po 2003 p. 3a3HAYEHNn HAyKOBMIA MiAPO3AiN 040NH0BAB aBTOP LjEl cTaTTi —
acnipaHT M. B. KykciHa Ii 0gHO4acHO no [JJHINponeTpoBCLKOMY HaLliOHaIbHOMY YHIBEPCUTETY
M yac HaByYaHHS B HbOMY I NOJANbLUOMY CMIiBPOBITHULTBY yyeHb O. J1. Benbrapga —
BMAATHOrO 6iOreoLeHonora Ta $CKPaBoro MpeACTaBHMKA LUMPOKO BW3HAHOI MOIMYTHbLOI
HaykoBol wkoim «f. |. MeHpeneeBa — B. B. [Hokydaesa — . M. Bwucoukoro -
O. NN. Benbrapga». 3 2003 p. 3aBigyBaHHS Bif4IN0M 34iACHIOE LOKTOP CiflbCbKOrOCNOAapChKmX
HayK, npocecop B. I'. Kyprak (KonmLwHii acnipaHT i gokTopaHT A. B. borosiHa).

3 caMoro noyaTtkKy iCHyBaHHA nigpo3ainy, BiAnoBifaruM Ha 3anuTh BUPOOHWLTBA
LL{0A0 CTBOPEHHS MiLIHOT KOPMOBOI 6a3v B rocrnogapcTeax, Bifgain po3pobus HayKoBi OCHOBU
3 pAAY aKTyaNbHUX MUTaHb OKOPIHHOIO i MOBEPXHEBOrO NOMINLUEHHS MPUPOAHUX KOPMOBHX
yrigb i 6010THNX 3eMefb, BUNPOOYBaB Ha X Yrifaax LUMPOKMIA Habip OAHOPIYHMX KyNbTyp
Ta 6aratopiyHVX BUAIB Tpas, PO3POOMB CUCTEMY MEPBMHHONO NepesnociBHOro 06pobiTKy
IPYHTY i arpoTexHiky X BUpOLLyBaHHS. barato ysaru npuainvMe po3pobLi TeopeTUyHMX
NPUHLUMNIB NOBYA0BU NYYHUX CIBO3MIH Ta YA0OPEHHIO B HUX KY/bTYP.

Lli pocnigpkeHHs, posnodyati y 1950 p. Ha KopocTeHCbKOMY AocnigHOMY nofi
IHCTUTYTY 3eMnepo6CTBa, 3ro40M MOLIMPUANCS HA Pi3HI TUMKW NPUPOSHMX KOPMOBMUX YTigb
i Benmcs wWwe Ha KuiBecbKil goCnigHin cTaHuii, B focnigHoMy rocnogapctsi «Konunis»
IHCTUTYTY 3emrepo6CTBa Ta KOMEKTMBHOMY  Ci/lbCbKOrOCMoAapCbKOMY NifnpPUEMCTBI
«CTenaHcbke» CapHeHCbKOro paioHy PiBHeHCbKoi 06nacTi (M. B. KykciH, M. . HoBuup-
kuii, A. C. LLkabapa, 3. B, Mopo3soga, /1. J1. Kpanuea, A. I'. BanaH, €. O. CKyaHoBa,
K. I. Caiiuyk, O. M. [13BoHuK, . M. [y6uHcbKa). MpoBeaeHi OCAIAKEHHS MOKa3aM, L0
3anpoBapKeHHA CiIAHMX NyK 4K ciBba fobpe nigidpaHnx o04HOPIYHNUX KYNbTYp MOXe B 3-5 i
6ifblle pasiB MiABULIMTY BPOXaMHICTb ManonpogyKTUBHUX NyK. [loBefeHo, WO npu
rocrnofapcbKiii noTpebi OAHOPIYHI KynbTypyM Ha NyKax [OUiMbHO BWCIBAaTU SiMWIE Ha
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epO3iHO 6Ge3MeYHMX POAIOUMX TPYHTAX, MEPEBaXHO B JyYHMX CiBO3MiHAX 3 MObOBUM
nepiogom Big 2 Ao 5 i nyyHum — Bif 2-3 4o 6 pokis. MpuckopeHe 3any>keHHs, TOOTO ciBba
TpaB 0/lpa3y X Mo CBixXK03ibpaHiil i 406pe po3po6eHiin AepHUHI, 3a6e3neyye TaKoX BUCOKY
YpOXaliHiCTb, NpoTe CO06IBapTICTb POCAMHHOI NPOAYKLUIT MOPIBHAHO 3 JYYHUMMU
ciBO3MiHamMK y 4-5 pasiB MeHLUa Ta iCTOTHO 3MEHLLYHOTLCA PU3NKW NPOABY epo3il IPYHTIB.

Cepieto pgocnigie 3 gobopy 6araTopiyHMX TpaBOCYMilleld [Afii  CiHOKICHOro
BukopucTaHHs (M. B. KykciH, M. [. Houupbkuii) Bxe y 1940-1952 pp., Ha BigMiHy Bij
[OCUTb LUMPOKO PEKOMEHAOBAHUX Ha TOW 4ac CKnagHux cymiwein 3 8-19 Bugis, 6yna
[OBefieHa [JOUIMbHICTL 3acTOCYBaHHA A1  KOPOTKOYaCHOrO BMKOPUCTAHHA  MPOCTUX
TpaBocymiLLeii 3 1-2 Bugis 60608KX, 1-2 BUAIB HELLiNbHOKYLLOBKX i 1 BAY KOPEHEBULLHNX
3naKiB. Ha poftoumnx rpyHTax LOMyckaeTbes ciBba napHMX 6060BO-3/1aK0BKX CyMiLLei, a Ha
HeA0CTaTHLO OCYLLEHMX 60/0Tax — HaBiTb OAHOIO 3M1aKy. byna goBeaeHa HEOGOB’A3KOBICTb
BK/IIOYEHHS 10 CKNafly CiHOKICHMX TpaBOCYyMillleii HM30BMX 3/akiB. 3pobneHa OLjiHKa Ha
NyKax pisHUX BUAIB JOOPMB Ta NMokasaHa iX Mo3MTUBHA PO/ib B OTPUMaHI BUCOKUX BPOXKAIB
OAHOPIYHMX KyNbTYp Ta 6araTopivyHMX TpaB y CUCTEMI IYYHUX CIBO3MIH i M03a HAMU.

OfHVM i3 0CO6MMBO BAX/IMBUX HanpAMiB  poboTW BiAdiny 6yno BUBYEHHS
TUMONOTIYHOro CKMafy NPUPOLHUX KOpMOBKX Yrigs. M. B. KykciHUM ui poboTtu 6ynu
po3noyarti we y 1932 p. B YKpaiHCbKOMY HayKOBO-LOCMiAHOMY iHCTUTYTI MPUKNaLHOT
6oTaHiKK, Mi3HilLle PeopraHizoBaHOro B IHCTUTYT pocnMHHULTBA (M. XapkiB). YKe B Ti
poku (1932-1934 pp.) npyv nNpoBefeHi 3a 3aBfaHHAM HapkoM3emy KOJIMLIHLOIO
PagsHcbkoro Coro3y MepLioro Typy poobiT 3 iHBeHTapm3auii NpypoAHUX KOPMOBUX Yrifb
fepxaBn  BcCecowosHMM IHCTUTYTOM KopMmiB iM. B. P. Binbsaimca i3 3a1yyeHHAM
perioHa/IbHNX HayKOBO-AOCAIAHNX Ta y460BMX 3aKniagis, BIANOBIAHO O YMOB YKpaiHu nif,
KepiBHMUTBOM M. B. KyKciHa Bneplue 6yna po3pobneHa ¢iToTononoriyHa Knacudikauis
NyK, faHa X MPUMPOLHa Ta BUPOOHMYA XapaKTePUCTUKA, 3p06NIEHO pPailoHyBaHHS, BU3HAYEHI
nnouii B aAMiHICTPaTMBHMX paiioHax | HaKpecneHi 3axoAu LWOoA0 MOAIMLIEeHHs Ta
pawioHanbHOr0 BUKOPUCTaHHS NyK. 3BeAeHi MaTepiann No YKpaiHi yBiAWAM cknagoBoo
4aCTUHOIO B y3arasibHeHi Matepianv no Cotosy.

Y 1957-1958 pp. ua TUMNOMOria NPUPOAHUX KOPMOBUX Yrifb Byna yTOUHeHa i 3a Heto
nig METOANYHUM KePiBHULTBOM Bifdiny nykisHuuTea (M. B. KykciH) y 1957-1961 pp., AK
yXKe 3raflyBasiocsi BuLLe, OAHOYACHO 3 0OCTEXEHHSM I'PYHTOBOrO MOKPUBY YKpaiHW Oyno
30iiICHEHO CyUi/IbHe BefMKOMaclLTabHe reoboTaHiyHe Ta KylbTYpPTEXHIYHE 0BCTEXEHHS
CIHOKICHO-NAaCOBULLHMX YTifb, CTOCOBHO KOXHOrO rOCMofapcTBa CKNafeHi naaHu Tumis
NPUPOLHMX KOPMOBUX Yrifp Ta KapTorpamu WOA0 iX MOAIMWEHHS, AKi 6ynn LWMpPOKo
BUKOPUCTaHI AUPEKTUBHUMM | TOCMOAAPCLKUMM OpraHamu Npu nnaHyBaHHI Ta peanisauii
poGIT 3 MiABULLEHHS eqeKTUBHOCTI BMKOPWUCTAHHA 3eMENlbHUX PecypciB KpaiHu. Y
BUMKOHaHHI Ljiel poboTn Opanv y4yacTb MpauiBHWKK, SKi MOTIM CTa/l  HayKOBUMM
CNiBpo6ITHMKaMM um acnipaHTamu Bigainy nykisHuuTea (1. O. Manamapuyk, A. B. BorosiH,
1. M. Cunaiinosa, A. /. AkuMeHKo, 1. FO. Ba/ioLKesuy).

Y HacTynHi poku B nabopatopil 6ynuM NOrnMGAeHHi AOCNIKEHHA 3 BUBYEHHS
MPUPOAHMX 0COGMBOCTEN NYyYHMX Yriflb Ta 3 YAOCKOHA/EHHS METOAMYHMX Nigxoais i
NpUHLUMNIB X Knacugikayii. Ha nigctaBi BUKOPUCTAHHA METOAOMOMNYHUX MPUHLMNIB
BMBYEHHS O0O6’€KTIB K CKMagHWX CUCTeM, Oyno0 TEOpeTUYHO O06rpyHTOBaHO |
3anponoHOBaHO eKOCUCTEMHE TlyMaveHHs NyK i po3pobneHi HOBI MiAXo4mM 4o iX Tvnisauii,
CYTHICTb SKMX MOMArae B NONITETUYHIN (KOMMEKCHIN) iHAMKALIT €KONOro-pnopucTUYHNX
03HaK POC/IMHHOCTI | 0COBMMBOCTEI TPYHTIB NyK AK ULiNiCHWX cucTem. Po3pobneHa
KnacudikaLisa ny4HMX ekocucTem, a ansa lMoniccs i NiBHIYHOI YacTuHKM JlicocTeny YKpaiHu
ieHTUdiKoBaHI naowi 1X OCHOBHMX rpyn, $Ki [A03BOMSKOTb MOBHILLE BU3HAYUTU
NOTEHLLifHI MOXNMBOCTI CIHOKICHO-MaCOBULLHUX Yrifb i AndepeHLitoBaTW peKomeHaaLit
BignoBigHO [0 X TunonoriyHoro cknagy (A. B. BorosiH), pasom 3 IHCTUTYTOM
3emnieyctpoto YAAH 6yna yaockoHaneHa MeToAMKa Ta 34iACHEHO AN BCiX 30H YKpaiHu
OOHITYBaHHS I'PYHTIB NPUPOAHUX KOPMOBUX YTifb.

ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 1-2 9



Bigain 6arato yBarm npuaingas i nNpuainsge po3pobli TeXHOMOrii CTBOPEHHS i
BUKOPUCTAaHHA KY/IbTYPHUX NacOBULL, IK BXXMBOI OCHOBW PeHTa0e/IbHOMO BEEHHA ranysi
TBaPUHHULTBA.

Po3pobka wiei npobnemu B IHCTUTYTI, 30kpeMa Ha Ko3apoBULBKIl fOCAIAHIA cTaHLiT
NYKIiBHULTBA, po3noyanaca we y 1929 p. M. C. JaHuNeBCbKOIO i 3 feaKMMU NepepBamy Ha
Uil ctaHuii Benacd o 1940 p. OCHOBHVMMW NWUTaHHSMM B TOW 4ac 6YN0 BMBYEHHS
e()eKTUBHOCTI 3ariHHOT CUCTEMW BMMacaHHA MacoBULL, Ta 3axOfiB AOrNSAY 3a HUMW.
[JocnipkeHHsamn 6yno [0BeAEHO, L0 3aCTOCYBaHHA 3ariHHOMO BMMACaHHS MOPIBHAHO 3
6e3cCTEMHMM 36iMbLUYe MPOAYKTUBHICTL Macosuly Ha 20-30, a NOBHOTY BMKOPWCTaHHS
TpasocToo — Ha 30 % i GinbLue, fo6pe 36epirae BUXiAHY €KONOro-6ion0rivyHy CTPyKTypy
TPaBOCTOHO.

[Micnsg yTBOPEHHS BifAiNy NyKiBHULTBA Nif HAYKOBUM KepiBHULTBOM M. B. KykciHa
pO60TU 3 MUTaHb CTBOPEHHS 1 BUKOPWUCTaHHS MacoBMLL, BiAHOBMAMCH Ha Ll cTaHuii B 1958 p.
(N. N. Kpanuea, |. O. Manamapuyk), a B 1959 p. i3 34iliCHEHHSAM LUMPOKOT Mporpamm
[ocnigpkeHb 6ynn 3aKknafgeHi BUPOOHUYI KynbTYPHI NacoBuLLA B KOMMLLIHLOMY AOCAIAHOMY
rocnogapctei «Konwnie» (cnovatky Ha nnowi 90, a notim — 180 ra), AKi LWBUAKO
MepeTBOPUAMCHL Y NOMITOH TX LUMPOKOT NonynapusaLii B YkpaiHi. Y ueii nepiog getansHo
Oynu BMBYEHi CMOCOOW CTBOPEHHS KYNbTYPHUX MACOBWLL Ha Pi3HUX TWUNax MPUPOAHUX
KOPMOBUX YTigb, NiACIB BUCOKOBPOXaiHWMX TpaB y MPUPOAHI Ta CTapoCisiHi TpaBoCTOi,
CTPOKM NOYaTKy BMNacaHHsA nacosuLL nicns ix 3any>keHHs (1. O. Manamapuyk), NacoBULLHI
Tpasocymiui (A. B. borosiH), [03u, CniBBIAHOLWEHHS i CTPOKM BHECEHHS MiHepasbHUX
[06pnB Ta MikpoenemenTis (A. B. BorosiH, A. . HAxuvenko, B. M. TiTosa,
N. ®. XapuToHeHko, T. O. )XXpgaHoBa). BCTaHOBNEHO 3Ha4YeHHsi NIAroAiBni KopiB Ta
PEMOHTHOIO MOJIOAHSKA BeNMKOI poratoi Xyaobu npu yTpvMaHi iX Ha nacoBumLax
(®. I. OyepeTbko). OgHOYACHO Nif KEPIBHULTBOM BiAfiny po3pobKa TEXHOMOMYHMX OCHOB
CTBOPEHHS Ta BUKOPUCTaHHA KYNbTYPHUX MAcoBWLY NpoBOAWMMAcA i B iHLWMX
rocrnojapcteax — LWOAO Jobopy TpaBOCyMilLeld i cucTemn yao6peHHs iX Ha KuiBCbKiit
pocnigHid - ctaHuii  IHCTMTYTY 3emnepo6etBa (/1. /1. Kpanuea), [AepxaBHOMY
CinbcbKOrocnogapcbkomy nignpuemctsi «llonicbke» MakapiBcbKoro paioHy KuiBCbKOi
o6nacti (O. M. Kneupkuii), 040 CMNOCOGIB CTBOPEHHSA CiHUX MAaCcOBUL, Ha MiLaHWX
FPYHTaX — Y KOMIeKTUBHOMY Ci/flbCbKOTOCMOAAPCbKOMY TOCMogapcTBi  «[ pO3UHCbKe»
KONULWHBLOT XKUTOMUPCLKOT  AepXaBHOT 06/1aCcHOI  Ci/lbCbKOTOCNOAapCbKol  AOCNiAHOT
ctaHuii (. M. leuyk, M. ®. Jasuatok). Bce Le [03BOANNO CTBOPUTM MiLHYy 6a3y, gka
Ma/1a BM3HAYa/lbHU/ BMNAMB Ha PO3BUTOK HAYKOBMX AOCNIAKEHb Ta CTaH MAacOBULLHOI
cnpasn B YKpaiHi. KynbTypHi nacosuwia 3a MiATPUMKM fepxasu Oynu CTBOpPEHi B
6araTb0Ox rocrnofapcreax i 3arafbHa ix nnowa Bxe y 1978 p. ctaHoBuna 550 Tuc. ra.

Bnepuwe B YKpaiHi Biafin po3pobmeB HayKOBi OCHOBW Ta TEXHOMOriK0 CTBOPEHHS i
BUKOPUCTaHHS 3POLLYBAHMX KYNIbTYPHUX NACOBULL, OUULLEHUMMW NPOMUC/IOBO-NOBYTOBUMM
cTiyHummn Bogamu (O. I. Manamapuyk, M. B. KykciH, A. B. BorosiH, B. ®. MakcyMeHKo,
M. K. KonucTepuHCcLKWi). Po3noyaslun OCMI[KEHHS OfHOYACHO 3i CTBOPEHHAM B
pagrocni  «BopTHWYI» BopucninbcbKoro paioHy KniBcbKoi 06/1acTi rocnofapcbKoro
nacoswuwia Ha nowi 500 ra ansg ytpumaHHsa 1000 kopis i 300 ronis MOMOAHSAKa, BrepLLe B
KonmwHboMy Coto3i i B CBITI 6yno Bifgnpaus0BaHO | BMPOBaKEHO Y BUPOOHMLTBO
cuCTEMY KOMBIHOBAHOro MOEAHAaHHS BeIMKUX 3aroHiB (Mo 20-25 ra B 0gHOMY MacuBi) i3
LWOAEHHUM NOPLiiHMM BUNacaHHAM BUCOKOYAIAHMX KOpiB (4,5-5 TuC. KT i 6islbLue Monoka
Ha KopoBy) Bennkumu ryptamu — 500-600 ronis y rypTi, CUCTeMy JOTNISLY 3@ MACOBULLEM,
X 3pOLUEHHA N BUKOPUCTaHHA SK [pKepena MnacoBWULLHUX i 3MMOBMX KopmiB. [Mig uac
X1l MiXHapoHOro KOHrpecy 3 NyKiBHWULTBA, SKWi1 Bigbysca 11-20 yepBHs 1974 p. B
MockBi, HailBigoMili BYeHi-NyKIBHUKX 3 MPOBIAHWX MacOBULLHMX KpaiH — [FonnaHAaii,
Benukoi bputaHii, Hosoi 3enaHgii, HimeuunHn, CLUA Ta iH. HayKoBy po6OTY i
po3po6eHy BUPOGHMYY MOAeNb 3pOLLYBAHOrO NacoBULLA BIAHECN A0 HaliKpallmX 3pasKiB
CBITOBOIO PiBHS.
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MisHiwe (1982-1986 pp.) Ha 6as3i gocnigHoro rocnogapctea «Konunis» Baromui
BHECOK 3p06/IEHO B YOCKOHAIEHHS CUCTEMU 3POLLIEHHS /TYKOMACOBULLIHWX YTifib YUCTUMM
BOZAMW, PEXMMiB 3pOLUEHHA Ta METOLIB BW3HAYEHHS CTPOKIB MoAvBY Yrifp 3a
meTeofaHumm (A. B. borosiH, B. I'. Kyprak, B. I". Onedip).

Biggin - nposiB  BaromMi  JOCNiMKeHHA 3 pO3POOKM  TEXHOMOrii  CTBOPEHHA
BMCOKOTMPOAYKTUBHUX  CisiHUX 6araToyKiCHMX TPaBOCTOIB, e()eKTMBHOrO BMKOPWUCTaHHA B
NYKIBHALTBI  MOTeHUiany 0060BMX TpaB fK [pkepena 6i0M0OrivHOr0 asoTy Ta UMHHWKIB
NigBWLLIEHHS GITKOBOCTI /i EHEPrOHACUYEHOCTI KOPMIB. Bigginy HaeXXUTb NPIOpUTET B YKpaiHi y
pO3po0Li STyYHWUX KOHBEEPIB HA OCHOBI PI3HOCTUIINX 3MakoBMX Ta 6060BO-31aKOBMX TPaBoO- |
CoOpTOCYMiLLel 3 MepiofoM Oe3rnepepBHOr0 HaAXOMKEHHS BUCOKOAKICHOI POC/IMHHOI Mach Ha
CiHokocax BrpogoBk 135, nacoBuwax — 150-160, a y nOeAHaHHI 3  OAHOPIYHMMK
XOM0A0CTINKUMUN KyNbTYpaMn PaHHbOBECHSIHOMO Ta Mi3HbOOCIHHBOrO CTPOKIB BUKOPUCTAaHHS —
200-220 gHis (A. B. BorogiH, B. I'. Kyprak, B. M. TitoBa, T. B. KoHuakoBa, A. M. JIeBKOBCbKMIA,
O. M. [asumtok). Bnepwe B Coto3i po3pobieHO MacOBWLLHWMIA KOHBEEP Ha 6asi nulle
GaratopiuHMx TpaB i3 3a/yyeHHsIM Pe3ePBHUX 3arOHIB 3 HUMW, SKWIA He TiNbKy 3abe3neuye
Ge3nepepBHe HAAXOMKEHHA CBDKOI POC/MHHOI Macu ond Xypobu BnpofoX 200-220 gHiB y
BereTauiiH1in nepiog, a i ICTOTHO NiABMLLYeE NOBHOLLIHHICTb MacOBMLLIHOTO KopMy Ta Ha 17-25 %
MOPIBHAHO 3 ICHYIOUMMY MOAENAMM KOHBEEPIB 3MEHLLYE BUTPATW MaTepia/ilbHO-eHEPreTUYHIX
BUTPAT Ha 10ro CTBOPEHHS i BUKopucTaHHa (A. B. borosiH, C. B. OyaHuvik, P. M. Kynnk). Ons
6060B0-31aKO0BVX TPaBOCYMiLLIeli BCTAHOB/EHO HAKPaLLWiA BUAOBWIA | cOpToBWIA CKNag 6060BMX
TpaB Ta X BM/IMB Ha HAKOMWYEHHS1 GIOMOMYHOrO0 a30Ty Ta PIiBHI KOMMEHcauii HUM as30Ty
MiHepasibHUX [00pUB, BWSIBMEHI Kpalli CMoco6y PO3MILLEHHS Ta HOPMM BWCIBY HaCiHHS
KOMMOHEHTIB Y CIsIHWX LieH03aX, PEXUMM BUKOPMCTaHHS TPABOCTOIB. [1 OCHOBHUX BULIB TpaB
YTOUHEHO €eKOMOTiYHI Ta (ITOUEHOTUYHI ONTUMYMM, CTYNiHb X 6i0N0riYHOI CyMICHOCTI B
LieHO3ax 3a/1eXKHO Bif, TVNIB NyK, Pi3HWX PiBHIB YA0OPEHHS Ta IHTEHCUMBHOCTI BUKOPUCTaHHS. Ha
LA OCHOBI Y/J0CKOHaNeHO MPUHLMNM A060opy Ta BWAOBWIA CKMafd TpaBOCyMillel i AaHo iX
paiioHyBaHHs Ans ymoB [Moniccs i Jlicocteny YkpaiHu. 3’scoBaHa LieHO30-(hopMaTuBHa Ta
rocrnogapcbka posb 36arayeHHst MPOCTVX TPABOCYMILLIE NPeACTaB/IEHHAM KOXKHOMO BUAY B HUX
He OfHMM, a TpbOMa COopTaMV B MiABWLLEHHI MPOAYKTUBHOCTI TPaBOCTOIB Ta iX CTIMKOCTI 3a
pokamu (A. B. Borogiu, B. O. Cauvik, M. B. Cykaiino).

[JocnigpkeHa i 3anponoHoBaHa BUPOOHULTBY cCUCTEMA YA0OpPeHHS 6araToyKiCHUX
ciHokociB (A. B. borosiH, B. . Kyprak, A. M. JleBkoBcbkuii, B. 1. JlewweHko,
HO. B. JlewleHKo) i BriepLue B YKpaiHi 4ns pisHUX 30H Ta TUMIB IyK po3po6ieHi HOpMaTUBHI
KpuUTepiT BHECEHHS MiHEpaibHUX 40BPUB. Y CTaHOB/EHI NPUPOCTY YPOXKAWHOCTI, BU3HAUEHI
BUHOCK | KOE(ILIEHTN BUKOPUCTAHHA MOXMBHUX PEYOBUH i3 IPYHTY Ta MiHepalibHUX
[06pUB, SIKi [03BONANTH MIABULLMTY eEKTUBHICTb 3aCTOCYBaHHS Ha NyKax MiHepasibHUX
[OOPUB WNISXOM 6inbll pauioHasbHOro X BUKOPUCTaHHA 3a MPUPOAHO-KNIMaTUYHUMM
perioHamu, BCTaHOB/OBATU 103U, 34iMCHIOBATI PECYPCHE MPOrHO3YBaHHSA NMPOAYKTUBHOCTI
nykonacosuwHmx yrigs (A. B. BorosiH, B. . Kyprak). Po3po6nieHo (yHKUiOHabHI
mMogeni X eeKTUBHOrO 3acTOCyBaHHS ANA Pi3HUMX TWMIB MPUPOLHMX KOPMOBUX Yridb
(B. T. Kyprak, A. M. JIeBKOBCbKWUiA).

Benukuii 06car focnifpkeHb NMPOBEAEHO 3 MUTaHb PO3POOKN TEXHOMONIT MOAIMLIEHHS
HU3MHHUX, 3anniaBHUX YK 3 MPUPOAHMM TPaBOCTOEM, B TOMY YMCAi i [OBrO3a/IMBHUX, AK
NOTEHUIHO HaWbINbL UiHHMX 41 OpraHisauii Ha HWX BUCOKOE(EKTMBHOIO /y4HOTO
KOPMOBVPOBHMLITBA.

Po3pob6ka LbOro HanpsiMKy focnigpkeHb B IHCTUTYTI po3noyaTta e y 1924-1930 pp.
3. M. KawuHum, a B 1938-1940 pp. — 3. M. KawnHum ta A. A. UymakoBuM Ha 3annaBHUX
nykax [Hinpa Ko3apoBuLbKOT A0CAigHOT CTaHLiT NyKiBHWLTBA. B TolA yac TyT BUBYanu fit0
MiHepasibHUX [06pPMB, BM/IMB PaHHbOBECHAHOMO Ta Mi3HLOOCIHHBLOIO CTPOKIB BMMACaHHS i
6OpOHYBaHHS Ha NMPOAYKTUBHICTb MTYK.

Y 1960 p. A. B. Boroginum y [ACM «3anoBiT JleHiHa» (KOMWLWHIKA Konarocn)
Bapuwiscbkoro paiioHy KuiBcbkoi o6nacti, a B 1983-1985 pp. A. B. BoroiHum i
B. M. XomeHkom B KCM «HwuBa» (konuwHiii konrocn — «30-pivus  Mepemorin»)

ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 1-2 11



Bop3HAHCHKOro paifoHy YepHiriBcbkoi 06nacTi npoBeaeHi AOCNIAKEHHS 3 MOBEPXHEBOrO
MONINWEHHA HA3MHHWX 3aCOMIEHUX JTYKiB 3 COI0BO-CO/IOHYAaKYBaTUMM I'PYHTaMu, npoLecam
COZIOYTBOPEHHS | BTOPMHHOMY 3aCOfIeHHIO AKWMX CBOrO Yacy 6arato ysarum npuiinve
BMAATHUI 3HaBelb [PYHTIB YKpaiHW | TanaHOBUTWIA HACTaBHWK HayKOBOi MOJOAI
I". M. Cambyp (6e3nocepefHiin yueHb Koprdes BiTUU3HAHOrO I'pyHTO3HaBCTBa IM. . MaxoBa).
MpakT4yHO Breplue Byna 3’AcoBaHa Pofb PI3HMX [03 a30THMX, POCHOPHMX i KaniiHMX
[o6puB Ta X MOeAHaHb Yy TpaHcgopmauil BWMAOBOI CTPYKTYpWM Ta MifBULLEHHI
MPOAYKTMBHOCTI NPUPOAHMX LIEHO3IB Ny4HO-ranogisibHoro kommnsekcy. TyT e 6ynu
BCTaHOB/IEHI 11 HaWKpaLLli TPaBOCYMiLLi 4N LbOro TUMY NYYHWX YTifb.

MepLui rpyHTOBHI JOCAILKEHHS 3 NPO6eM NOMIMLWEHHS NPUPOLAHUX AOBrO3a/IMBHUX
3annaBHUX nyk 6ynu nposefeHi B 1967-1970 pp. B 3annasi AecHn B ACHM im. Kiposa
BpoBapcbkoro painoHy Kuiscbkoi obnacti (M. B. KykciH, 1. O. Manamapuyk, A. B. BorosiH,
O. O. loBumkos, T. B. KoH4akoBa). Y HacTynHi poKM BOHW OY/N NPOAOBXKEHI CNoYaTKy B
pagrocni «bopTHuMui» (1972-1977 pp.), a 3 1987 p. go 2003 p. — B ACM «/[HinpoBcbke»
Bopucninbcbkoro paiioHy Liei o6nacTi, ke B 1977 p. 3a yyacTto Biainy 6yno BK/IOYEHO
pasoM 3 iHWWMW NPUAHINPOBCLKMMMW FOCNO4apCTBaMM A0 CKNagy MiXrocnogapcbkoro
arponpoMmc/IoBOro MignpuEMCTBA 3 BUPOGHMLTBA PI3HMX BWAIB KOPMIB Ha 3anfiaBHUX
nykax Auinpa (M. B. Kykci, A. B. borosin, O. M. [1380HuK, . K. KONMCTEpPUHCHKMIA,
C. B. iygHuk, P. M. Kynuk).

TyT BCe6IYHO BMBYEHI 03U, CTPOKM BHECEHHS MiHEpa/IbHUX J06PUB 3a CIHOKICHOTO i
MacoBMLLHOIO BMKOPUCTaHHS, BMAMB TX, & TakOX 3pOLLEHHSs, BanHyBaHHSs, NiAciBy Tpas,
PEXMMIB CKOLLYBaHHSI B CMCTEMI CIHOKOCO3MIH UM No3a HUMKM, GioCTUMYNSTOpPIB poOCTy
POC/IMH Ta acouiaTMBHMX a30TMIKCYHUMX MIKPOOpraHiaMiB Ha BUAOBMWIA CKNag LEHO3iB Ta
AMHaMiKy OIOTeHHUX efeMeHTIB Yy TPYHTi i poOCAMHAax, EeKOMOTiYHWIA CTaH Ny4YHUX
ekocucTem. IpoBeaeHi AOCNIMKEHHS LLOAO A060pY TpaBOCyMilLein. B ymoBax TpuBanoro
3aTONJIeHHs BignpauboBaHa CMCTeMa CTBOPEHHS | BUKOPUCTaHHS KYNbTYPHUX MacOBULL.

B ocTaHHi gecatunitTa B 3B°A3Ky 3 pedpopMyBaHHAM 3eMeflbHOro (hoHAY KpaiHu i
YCYHEHHSIM HaAMipHOT 10r0 po30paHoCTi, Aka CWUbHO MOpYLUMAa CTPYKTYpY NPOCTOPOBO-
(hyHKLiOHaNIbHOT opraHisauii arpapH1X TepuTopili y HaNpsAMi HeBMNPaBAaHOTO 36i/bLLEHHS
B HUX [ECTPYKTMBHMX CKMafoBKX i CNpuuMHMNa HebyBasioro NOriplleHHs eKonoriyHoro
CTaHy NaHALWadTiB i XUTTEBOrO CepefoBuLLa, B Bigdini IHCTUTYTY 3HauHa yBara npugineHa
(hyHAamMeHTaJIbHOMY BWBYEHHIO Ta po3pobui etheKTMBHMX CMOCOBIB BIATBOPEHHS Ha
BUTYUYEHUX 3 TPUBANOI0 IHTEHCUMBHOIO 06POBGITKY Y CiBO3MIHAX ManonpoAyKTUBHUX OPHUX
3eMMIAX  MOCTIHWX  CaMOPEry/HOOUNX  TPaB’SHUCTMX EeKOCUCTEM | 1X  30HabHO
06YyMOBNEHOI0 NPUPOAHOI0 6iOPI3HOMAHITTA SIK HABAXX/MBILLOT pecypcHOT 6a3n 6iocdepw
7 hopMm iCHYBaHHS Ha NNaHETI XXMBOI MaTepil. B pe3ynbTaTi BCTaHOBNEHO (DiTOreHeTUYHI
npouecn (HOpMyBaHHSI €KOM0ro-6i0N0riyHOI  CTPYKTYPU CMOHTAHHO  BifHOB/IHOBAHNX
LieHO3iB, X MPOAYKTUBHICTb, SKICHI MOKa3HUKW POCAMHHOI MPOAYKLIi, a TakoX BMvB
Pi3HMX arpoTeXHIYHKX 3aX0f4iB — CTApTOBOrO MifACiBaHHA CeneKUiiHNX | AMKOPOCAMX BUAIB
GaraTtopiuyHUx TpaB, YAOOPEHHS, PEeXUMIB BUKOPUCTAHHA Ha MPUCKOPEHHA TemniB
MPOXOMKEHHS  CMHFEHETUYHMX 3MIH ¥  MiABULLEHHA TXHbOI MPUPOLOOXOPOHHOT i
rocrnofapcbKoi LiHHocTi (A. B. borosiH, M.M. MNTaLWHiK).

B pe3ynbTaTi BCTAHOBMEHO, LU0 COHTaHHE BiATBOPEHHS Ha TaKuX 3eM1SX 30HaTbHUX
EKOCMCTEM € CKMagHWM Ta AO0CWUTb TPMBAIUM AMHAMIYHMM Y MPOCTOPI i yaci eauHUM
MPOLIECOM CUHIeHe3y, L0 CKNafaeTbes i3 cepii TMMYacoBMX, MOCNIAOBHO 3MiHIOBaHMX 3a
[eTepMiHaHTHO-Xa0TUYHUM TUMOM PO3BUTKY AUHAMIKM CTafiil 3apOCTaHHS, KOXHA 3 AKMX
XapaKTepu3yeTbC CBOEPIAHOKD BWAOBOH, €K0M10ro-6ioMoptonorivyHo, (PAopPUCTUKO-
iHAMBIQYaNiCTUYHOI Ta (ITOLEHOTUUYHOK CTPYKTYPOK POCAMHHMX YrpynoBaHb i
0C06/IMBUM CTaHOM 6iOpi3HOMaHITTA. Byfb-AKa nonepegHa cTagisi € NiAroTOBYMM €TarnoMm i
FONIOBHOK PECYPCHOK) 6a30t0 CTaHOBNEHHS HACTYMHOI, a TakCOHOMiYHe 6araTcTBO I
piBeHb (PYHKLIOHa/IbHOT rapMOHi30BaHOCTI 6i0M0MYHOIO Pi3HOMaHITTA — BU3HAYaIbHUM
MOKa3HWMKOM Ti CTaHy Ta €HepreTMYHoro noTeHuiany AMHaMi3My i MexaHi3MiB ioro
peanizauii. 3a LbOro crnocoby BifHOBNEHHS HaBiTb Y FyMifHiil 30HI BiH TpuBae 6/113bk0
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17-20 pp. MociB Ha NO4YaTKOBOMY eTarli BifHOB/MIEHHSA NPOCTNX 6060BO-3M1aKOBMX YN HaBITb
3MaKOBMX CyMillleli yke 3 1-2 poKiB XXWUTTS iCTOTHO NifABULLYE MPOAYKTUBHICTb CUCTEM,
Maike MOBHICTIO YCYBaE B CUHIEHETUYHOMY PSLY UYXOPiAHY Oyp’aHuCTy a3y
NnepeBaXKHO 3 OAHO- Ta [BOPIYHUX POCAMH | JOKOPIHHO MifBULLYE KOPMOBY LiHHICTb
TPaBOCTOMO, a [0faBaHHs [0 CyMillei Lie 1 abopureHHUX MpeacTaBHMKIB AMKOpPOCNOl
(hniopy 3Ha4YHO (Ha 5-7 pOKiB) NPUCKOPIOE (hOpPMYBaHHA 6araToBUAOBUX (ITOLEHO3IB 3
BMCOKOIO CaMOBIHOB/OBA/IbHOK 3AaTHICTIO, MAKCMMaSIbHO HablMXKeHNX 3a BUAOBOKD Ta
€K0/10ro-6i0N10rivyHOI0 CTPYKTYPOIO 0 NEPBO3LAHHMX MPUPOLHMX EKOCUCTEM.

MeBHWI BHECOK 3p06/eHO0 B 3’ACYBaHHA HOPMATMBHMX MapameTpiB CTPYKTYPHO-
(DYHKUIOHaNbHOTO CTaHy OIOpi3HOMaHITTS  SK  HEBIA’€MHOT 1 HaliBU3HAYa/bHILLOI
CK/1af0BOi YaCTWMHU BYfb-AKUX €KOMOro-6i010riYHNX CUCTEM Yy 3LIACHEHI MaTepiaibHO-
EHEPreTMYHMX MOTOKIB | peanisauii  MexaHi3MiB B HUX >KUTTE3a6e3Mmevyrumnx
BiHOBNIOBaHMX npoueciB. Ha 6a3i BpaxyBaHHA Cy4yacHOI CMHaHTponisauii [OBKiNAs
po3pobneHa Knacugikalis cTaHy (TUNM KaTeropiii MopyLueHocTi) 6Giopi3HOMaHITTa Ta
BM3Ha4eHi OCHOBHI Hanpamu i onTumisayii (Bogovin, 2011).

IcTOTHO po3wmpeHa MeTogMuHa 6a3a MPOBEAEHHS  TEOPETUKO-NPUKIAAHUX i
(hyHAAMEHTaNbHUX CUCTEMHUX AOCAIMKEHb NPUPOAHMX | @HTPOMOreHHWX YTBOPEHb.
Po3pobrieHi i 3anpoBampkeHi B JOCNIKEHHA NMPUPOLHUX ABULL, METOAM (Di3iOrHOMIYHOro Ta
(LNIOPUCTUKO-IHAMBIAYANICTUYHOIO aHani3y eKONIoriYHUX CUCTEM 3 LLUMPOKMM 3a1yYeHHSAM
(DYHKLiOHa/IbHO-rPYMOBMX OLIHOK 6i0MOP(ONOriYHMX, PUTMIYHUX, EKONOTIYHUX, TPO(IYHMX
i IHWWX BMaCTMBOCTEN GIOTUYHUX KOMMJIEKCIB YK iX CKNafoBuX 4actuH (Bogovin et al.,
2003), noKasHWKM TreMepobHOCTI 6i0TW, TOBTO TFeHeTUKO-(I3IoNOriYHNX peakuii i Ha
OKY/IbTYPEHHICTb Y aHTPOMOreHHe MOpYyLLUEHHS YMOB icHyBaHHsA (Bogovin, 2013; Bogovin
and Ptashnik, 2013). OCTaHHE Ma€ BMWHSATKOBO BaK/IMBE 3HA4YeHHs 0cCo6AMBO Ans
arpoTpaHchopMOBaHMX | TEXHOrEHHO MePeTBOPEHNX EKOMOMYHMUX CUCTEM Ta OL{IHKM iXHBOIO
6iopi3HOMaHITTA, OCKINbKM LIeil HanpsAM aHasi3y [103BOMSIE BCTAHOBUTU He TiflbKW CTYMiHb 1X
MOpYLLEHOCTI (AeCTpyKLii), a i JOMYCTUMI NOPOrY aHTPOMOreHHOr0 Ha HUX HaBaHTaXKEHHS,
WO B YMOBax CTPIMKOrO 3pOCTaHHA Ha [OBKifNS Takoro TUCKY HabyBae HaA3BMYaiiHO
BE/IMKOr0 HapOAHOroCnoAapcbKOro i 3araflbHO eKOMIOriYHOro 3HauveHHs. Mopsg 3 Uy,
MOCTIHO NPOBOAWTbCH POBOTA 3 BU3HAYEHHS EKOLIEHOGIOTMYHOrO CTaTycy pOC/AMH —
NEPBUHHUX OLIIHOYHWX OAMHULL B CKMafi peanisauii (PyHKUiOHaNbHO-rpynoBuxX Ta iHLWWX
METOZiB AOCNIpKEHHSA BIOTMYHMX KOMM/EKCIB. BpaxoByroun, WO My4Hi, K i 6yab-AKi iHLI
CUCTEMM € BILKPUTUMU i PO3BUBAOTLCA 32 AETEPMIHAHTHO-Xa0TUYHWUM TUMOM AMHAMIKM 3
MPOSIBOM Y HUX BMUCOKOIO CTYMNeHs BUNaAKOBUX YMHHMKIB (DOPMYBaHHS. OCTaHHIM Yacom y
BiAAiNI KOPMOBMPOOHULITBA | NYKIBHMLITBA 3BEPHEHO MEBHY YBary Ha 3a1y4eHHs B A0CNIAHUI
npouec MeTody HeniHiHOro aHanisy cuctem, ikuiA 3a Bu3HadeHHsM C. B. UepHulueHka
(Chernychenko, 2000), A. IN. Tpasneesa, H. A. binosoi (Travleyev and Belova, 2008), HUHI €
HOBWM | HaA3BMYAMHO MEPCMeKTUBHUM HanpsMOM AOCAIMKeHb MPY BUBYEHI CKMaAHMX
eKonoro-6ioforiyHMx 06’ekTiB. BiH 406pe rapMOHI3yeTbCA 3 BHYTPILUHLOK NPOLECYabHOK
CYTHICTIO BIAKPUTWMX MPUPOAHUX | AHTPOMOreHHWX OGIOTUYHUX CUCTEM | HaliMOBHILLE
PO3KpVBaE AETEPMiIHAHTHY CMIPAMOBAHICTb X PO3BUTKY.

HuHi y Bigadini BupiwyoTbC NPo6/eMu OpraHiuyHOro BUPOGHWLTBA NPOAYKLIT,
BMPOLLYBaHHA eHepreTuuHux Kynbtyp (B. . Kyprak, I'. B. €dpemoBa), po3pobastoTbes
MPUHUMNWU  CUCTEMHO-36a1aHCOBAHOTO  BUKOPUCTAHHA MNPUPOAHUX | aHTPOMOreHHo
TpaHchopMOBaHMX EKOCMCTEM AK ogunHULL 6ioctepn (A. B. BorosiH, M. M. MTawwHiK).

HaykoBU,i Biaainy HeoAHOPa30BO rasy3b NPeACTaBAsAIN Ha MiDKHAPOAHUX KOHrpecax
3 nykiBHmutea — y 1974 p. Ha XlI-my B Mocksi (M. B. KykciH, I. O. MNManamapuyk,
A. B. borogiH) Tay 1977 p. Ha XIll-my B Leipzig German Democratic Republic (A. B. borogiH,
I. O. Manamapuyk, M. B. KyKciH), Ha KoHrpecax €Bponeiicbkoi ®eaepaLlii NyKiBHUKIB — Y
1971 p. Ha 4-x eHepanbHKX 360pax y LUBseiuapii (A. B. borosiH), y 1975 p. Ha 6-Tux
eHepanbHUX 360pax B IcnaHii (A. B. borosiH), y 1985 p. Ha 8-ux MeHepasibHUX 360pax y
BenukobputaHii (A. B. borosiH), y 1990 p. Ha 13-ux [eHepasbHUX 360pax Yy
UexocnosauuuHi (A. B. borosiH, B. I'. Kyprak), y 1992 p. Ha 14-ux "eHepanbHUX 360pax y

ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 1-2 13



®iHnaHaii (A. B. borosiH, B. I'. Kyprak), y 2008 p. Ha 22-ux ['eHepasbHUX 360pax y
LLewii (B. I'. Kyprak), y 2012 p. Ha 24-ux "eHepanbHuX 360pax y Monblyi (B. I'. Kyprak,
A. B. borosiH), Ha cumnosiymax — y 2007 p. Ha 7-X 36opax 3 ekonorii nyk y CnoBayuuHi
(A. B. borosiH, C. B. AyaHuk, M. M. MTtawwHik) i y 2011 p. 3 nUTaHb NYKiBHULTBA B
AscTpii (B. I'. Kyprak).

31982 p. HayKoBL,i Biffiny KOPMOBUPOOHMLTBA i YKIBHULITBA BNPOAOBX TPUBANIOro
yacy 6ynu uneHamm pobouoi rpynu 3 npoekty MAB Ne 3 «TpaB’siHUCTI naHgwadTy,
CiHOKocu i1 nacoBwLa» nporpamu KOHECKO «/ltoguHa i 6ioctepa» Ta nporpamu OOH i3
CTasIoro po3suTKy Ykpainu (A. B. borosiH, 2001) Ta 3 1999 p. npoekty ®AO «[1acoBULLHI
pecypcu CBiTy» 3 po3po6/eHHs 3a TakOK Ha3BOK) PO3Ainy, ane B MeXax YKpaiHu
(A. B. borosiH, C. B. OyaHuk). 3 2008 no 2012 pp. Bigain Ha mpaBax 4neHcTBa GyB
NpeACTaB/eHNn y BUKOHABYOMY KOMITETI €Bponeiicbkoi Pefepaii nyKiBHUKIB, a 3apa3 €
NOCTiiHMM NpeACTaBHUKOM B Hild Bif Ykpaitu (B. . Kyprak).

Binain BMKOHYe BennKy poboTy 3 NifroTOBKM HayKOBMX KafpiB BULLOT KBanidikawlii:
[IOKTOpIB i KaHANAATIB HayK 3 3a3HaYEHOI rafy3i 3HaHb.

HauioHanbHWiA HayKoBuWiA LieHTp «lHCTUTYT 3emnepobetBa HAAH» HauioHanbHOT
akagemii arpapHMx HayK YKpaiHu i 30Kpema Woro Bigfin KOPMOBUPOOHMUTBA i
NYKIBHALTBA 3 4YaCy CBOrO YTBOPEHHs BHIC i MPOAOBXYE BHOCWUTW 3HAYHWIA BKNag y
CTAHOB/IEHHA i NOJaNbLUMiA  PO3BMTOK BITUM3HAHOrO NIYKiBHULTBA, B  PO3POOKY
(hyHAaAMEHTa/IbHMX | NPUKNaAHMX OCHOB SIK OAHIET 3 BaXKIMBMX Fany3eii 3HaHb Ta [iEBOr0
YUMHHUKA BMMBY Ha NiABULLEHHSA E(EKTUBHOCTI MOAAMbLIOIO PO3BUTKY OAHOM0 3
BaK/IMBMX HaNpAMIB HayKW i1 HAPOAHOIO rocnoAapcTBa AeprKaBu.
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METHODOLOGY AND THEORY OF BIOGEOCENOLOGY

Abstract. In biogeocenosis theory the extrapolation of views of V. I. Vernadsky on the
biosphere, the construction of multi-level methodological problems, concepts, identifying areas of the
current state of retro- and foreseeable prospects, the development of ideas of V. N. Sukachov, I. I.
Shmalhauzen are essential. Biogeocenology is a science conjugated with environmental science in the
foreseeable future of which is a combination of synthetic theory of evolution based on the
development of evolutionary and cybernetic ideas of I. I. Shmalhauzen.

Lying on the surface of the theory of biogeocoenology the principles of systematic aproach,
dynamism, adaptatsion genesis should be naturally in equilibrium with others, such as extrapolation
theoretical physics principles of uncertainty and comlimantarity of Niels Bohr as necessary tools for a
profound knowledge of the nature of ecosystems. In revealing the organization and functioning of
ecosystems, the fruitful principles are: the principle of their typology by A. L. Belgard (1970) for
forest steppe, the principle of detailing of biogeocenosis structure by A. P. Travleyev (1973) and the
principle of drawing up the periodic typological systems of ecological niches of biological species,
parcels of forest ecosystems cybernetic schemes related to various phenomena and processes and so on.

Biogeocenosis, as a phenomenon of wildlife organization, is an elementary structural and
functional unit of the biosphere; and biocenosis, respectively, is a unit of living matter on the planet
by V. I. Vernadsky (1926).

Biogeocoenology, as a science, is still in its development stage, without clearly defined directions and
concepts, contours of a picture of the world completeness in its methodology. In general picture of
biogeocenotical research there are the following areas: 1) taxonomic (in accordance with the definition of
species composition of organisms of different kingdoms of living nature); 2) factorial; 3) adaptable (concerning
reactions to different impacts, adaptation and formation of ecomorphical composition); 4) spatial-dynamic
(associated with the release of forms bodies in ecosystems and organisms, putting them in static and dynamic);
5) dynamically evolutionary, in which study multiscale spatial and temporal changes in the composition,
structure, and insidebiogeocenotical and betweenbiogeocenatical relationships of organisms and, in general,
betweenbiogeocenotical interactions; 6) biogeographic (according to spread of ecosystems); 7) evolutionary

*7 Tel.: +38098-672-38-39. E-mail: Khlyzina@ukr.net
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covering all manifestations of spatial and temporal variability of ecosystems from seasonal fluctuations to age-
related changes; 8) interactive that combines all areas of research in a particular biogeocoenotical environment.

Named methodological problems of different levels and different volume make up only a small
part of their descriptions and definitions that can be used to build the concepts of biogeocenology as a
system of the ideas and principles of scientific vision of its essence. We consider the concepts as
formed and incomplete, which are under development, a set of concepts, methods and principles of
interpretation of certain phenomena, objects, areas of science and social movement or life. Concepts
of biogeocenology as systems of view that combine different visions of its nature, can be
differentiated and integrated into a single fragmented scientific pictures of the world. The main
concepts we distinguish:  systematic, thermodynamic, biotechnological, stereometric,
geomorphological, geological, biogeochemical, adaptation genesis, evolutionary (paleontological),
biogeographical, cybernetic. Within each concept there are three aspects: 1) general biogeocenotical
regarding individualized ecosystems; 2) betweenbiogeocenotical regarding biogeocenotical cover or
its parts; 3) planetary, biospheric, determined by biosphere significance of ecosystems.

Key words: biogeocenotical, biogeocenology, function, theory, methodology.
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nepcnekTuB, pa3sutue ngein B. H. Cykauesa, V. N. LLImanbrayseHa.

KntoyeBble cnosa: 6uoreoweHo3, 6uoreoleHonorus, yHKLma, Teopus, MeTOA0/0rUs.

YK 574.4 B. I. lWanga® KaHz. 6iof1. HayK, npod.
H. B. BopoLunnosa’ KaHz. 6ion. Hayk, AoL.

! Kpusopisbkuii aep>kasHuii negaroriuHnii yHisepcuTeT,
np. Marapina, 54, m. Kpusuii Pir, YkpaiHa, 50086

2 [IHiNponeTPOBCHLKMIA ep>KaBHWIA arpapHO-eKOHOMIUHWIA YHIBEpCUTET,
BYyN. BopoLuunosa, 25, M. HiNponeTPoBCbK, YkpaiHa, 49600,
Ten.: +38098-672-38-39, e-mail: Khlyzina@ukr.net

NMPO METOZOJOrIO TA TEOPIKO BIOFEOLEHOMOTIT

AHoTauis. B Teopii 6ioreoLeHo3y CyTTEBO BaXMBUMM € ekcTpanonsuia nornagis B. |. Bep-
HafcbKoro Ha 6iocthepy, NobyaoBa Pi3HOPIBHEBMX METOAOOTiYHMX NPOG/IEM, KOHLEMLNA, BU3HAYEHHS
HamnpsMiB, Cy4aCHOro CTaHy PeTpo- i OCSXKHMX MepcrneKkTuB, po3BUTOK igeli B. M. Cyka4osa,
I. 1. LUmanbrayseHa

Kntouosi cnosa: 6ioreoleHo3, 6ioreoLeHonoris, (hyHKLis, Teopis, MeTOLONOris.

bioreoueHonoris € HayKol Mpo (JOpMyBaHHs, OPraHi30BaHiCTb, (DYHKLIOHYBaHHS,
ajanTauii, MOLIMPEHHs, PO3BWUTOK | eBOMIOLIKD 6ioreoueHo3iB. BoHa po3BMBaETHCA Ha
LUMPOKOMY TAi 3arafbHOr0 nporpecy 6i0f0riYHOT HayKuW, 3axXOM/oe LUMPOKE KOO
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nonbOBMX AOCAIMKEHb Y >KMBIA MPUPOAl, TXHE OCMWUCNEHHA Ta MOMENOBaHHSA B
eKCcnepuMeHTa/IbHUX i TabopaTopHO-MONLOBUX YMOBAX.

BioreoLieHoNOris € CNPSYKEHOK 3 EKOMOTIE HAyKOH, B OCSXKHIA NepcrneKTuBi SKoT €
MOEfHAHHA 3 CMHTETUYHOIO TEOPIElD €eBOMOLII Ha OCHOBI PO3BUTKY €BOMHOLIAHMX i
KibepHeTuyHUX igei . 1. LLmanbrayseHa. TeopeTu3sauis 6ioreoLeHonorii, 3anoyaTkoBaHa
npausMu B. M. CykauoBa, 6yna i € NpoBiAHOI0 TEHAEHLIEID Cy4acHOro Ta NepcrnekT1BHOro
11 pO3BUTKY, L0 3YMOBMIOETLCA CKMAAHICTIO OpraHizoBaHOCTi 6ioreoueHosiB i TXHLOT
AVHaMiKW. [HopMaLiiHuiA hakToNorivyHMiA 6a3mc 6ioreoLeHONOrii € 06’ EKTUBHO [aneko
HEMOBHOUMEHHMMM Y 3B’A3KY 3 HEMOX/IMBICTIO NPAKTUYHO OXOMNWTM BCi NPOSIBU CTPYKTYPU
(cknapy, 6yfnoBm, 3B’A3KiB), (DYHKUii iCHyBaHHA Ta pO3BMTKY 6ioreoueHosis. Bce ue €
CNPUATAVBUM  (DOHOM  NJIIZHOrO  PO3BUTKY TEOPETUYHOr0 MWC/EHHS, BIifIbHUX |
LinecnpsiMoBaHNX MOLLUYKIB Yy HbOMY, MOOYAOBM KOHUEMNTyanbHWX 3acag.  Jlexaui
BIIHOCHO Ha MOBEPXHi Teopii  6ioreoueHONOri’ NPUHUMNN CUCTEMHOCTI, AWHaMI3MY,
afjanTauioreHesy OpraHiyHo MaloTb YPIBHOBAXYBATWUCA  iHWMMKW, K Hanpukiag,
eKCTpanoiiboBaHMMM 3 TEOPETUYHOI  (I3UKM  MPUHLWNAMW  HEBU3HAYEHOCTI  Ta
JonosHioBaHoCTi  H. bopa, fK HeobXiZHUMW iHCTpYMeHTapiaMu Ana 6inbly rnbokoro
Ni3HaHHA CYTHOCTI 6ioreoueHosiB. B poO3KPUTTI OpraHi3oBaHOCTI Ta (YHKLiOHYBaHHS
6ioreoLeHo3iB  NMIOLOTBOPHUMU € MPUHUMMKW:  TXHLOI TUNOMOTIT, §K, HaNpUKag,
O. N. benbrappa (Belgard, 1970) ansa ctenosux ficis, AeTanisavii CTPYKTYpu 6ioreoLeHosy
A. T. Tpasneesa (Travleyev, 1973) i cknagaHHA MePioANYHUX  TUMONOTIYHUX CUCTEM,
eKoNorivyHKX Hiw 6ionoriyHmx Buais (Shanda V., 2013), napuen nicoBux 6ioreoLeHosis
(Shanda L., 2006) KibepHETUUYHUX CXEM AN BUCBITNEHHS PI3HMX SBULL, i NPOLECIB TOLLLO.

bioreoueHo3 HeanbTEPHATMBHO BW3HAYAETLCA PI3HUMU  aBTOpaMu  BiAMoOBiLHO
OCHOBOMOMOXHMM Npausm B. M. CykayoBa. bioreoLeHo3 € CyKynHIiCTHO opraHi3MiB pisHMX
LIapCTB XMBOT NPUPOAMU, LLO iICTOPUYHO (HOPMYETLCA | PO3BUBAETLCSA HA OCHOBI POC/IMHHOTO
yrpynoBaHHsi B NeBHOMY Oifibll ab0 MeHLW OAHOPiAHOMY, BiAYEHOBaHOMY Bif iHLLMX,
MpocTopi TepuTopii YM akBaTopii Ta CKMafgac Hepo3’eMHy EAHICTb Yy caMmiii cobi Ta 3i
CTPYKTYpamu, (hakTopaMu HeX1BOT Npupoau, 3abesneuytoumn Bifbll abo MeHL LMKIYHO
3aneXHe (PYHKLUiOHYBaHHA Ha OCHOBI MPUTOKY COHAYHOT eHeprii Ta O6MiHHMX ABULY, i
npoLeciB i3 cycifHiMu GioreoueHo3amMu.

BioreoueHo3, AK (DeHOMeH OpraHi3oBaHOCTI XXMBOI MPUPOAM, € eNeMeHTapHO
CTPYKTYPHO-(PYHKLIiOHaNbHOO oauHMLeto Giocdepu, a 6ioLeHo3, BiANOBIAHO, OAMHULEND
XVBOI peyoBuHM NnaHeTn 3a B. |. BepHagcokum (Vernadsky, 1926). Y 6GioreoueHo3ax
cneundivyHO 3a1I0OM/IIOKOTLCA | MPOSBAATLCS (PYHKLIT 6ioctepn Ha OCHOBI aKTUBHOCTI Tifl
6i0TMYHOr0, 6ioreHHoro, 6i0KOCHOro Ta KOCHOIO TWNYy, WO Oro CKNaaakTb.

EHepreTMuHa «yHKLis 06ioreoLgHoO3y BUSBMSETLCA B OF0 eHepreTui, To6To
CYKYMHOCTi BCIX MpOUECiB i fBULL, MOB’A3aHWX 3 OfEPXKAHHAM, HaKOMWYEHHAM,
NepeTBOPEHHAM, PYXOM i PO3CitOBaHHAM eHeprii B TpoiuHMX naHutorax i citax. Lle —
(byHKUis  6ionoriyHol NPOAYKTMBHOCTI. MeTaboniyHa (YHKUIA XapakTepusye BCHO
HeBW3HAYEHO BENWKY KifbKiCTb OOMIHHMX MPOLECIB Yy OpraHismMax i MidXX opraHismamu
GioreoLeHo3y, a TakoXX MDKOIOTeoLeHOTUYHI 06MiHM B CamMOMYy LUMPOKOMY PO3YMiHHI
(XIMiYHVMU efleMeHTaMK, CrosiyKaMu, opraHiamMamu, iXHiMW 3adaTkamu, pelutkamu). B
6iOreHHi Mirpauii XiMmiyHMX enemeHTIB y 6iocthepi 6ioreoLeHo3n MOXYTb Cyrysatu B
AKOCTI HioreoximMmiuHnx 6ap’epiB, Ha L0 He 3BEPTAETLCS JOCTATHA yBara B Ti JOCIAKEHHI
Ta OCMWCNEHHI. KoHUeHTpaTopHa (yHKUis 6ioreoueHo3y MoB’a3aHa 3i cneyugivHum
HaKOMMYEHHAM >XMBOI Giomacu, Heob6ioreHHo! Ta 6IOKOCHOT peyoBUHW. [ecTpyKTUBHA
(YHKLLiS NPOSBNAETLCS B PYHYBaHHI Ta pO3KNafaHHi OpraHiyHMX i HeopraHiyHUX CNonyK,
PELUTOK OpraHiamiB, $AKi MPW3BOAATb [0 YTBOPEHHA HEOBIOreHHOI pPevoBUMHK, i
MiHepanisauii, po3knafaHHa CroMyK KOCHOI PevyoBWMHW, PYHYBaHHS MOBEPXHI KOCHOrO
Tifa 6ioreoueHo3y KOpeHsMU POCAWH i 3emMnepusaMu. PyxomicHa, TpaHCMopTHa (yHKLis
bioreoueHo3y 3abe3nedyeTbCsa MOCTIMHUM  BHYTPILLHBO Ta  MDK6IOreoLeHOTUYHUM
nepeMilLleHHAM i PyXOM 3a4aTKiB, LiiMX OpraHiamiB i IXHIX PeLToK, XiMIYHUX eNeMEHTIB i
cnonyk. CepefoBMLLETBIPHI (DyHKLiT 6ioreoLeHo3y MoB’sA3aHi 3 (JOPMyBaHHAM Yy HbOMY
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cneungivyHMX CTaHIB OM0 KOMMOHEHTIB, CYKYMHOCTel (hakTopiB i pecypciB pi3HOI
MpMpoan Ta TXHIM MOLIMPEHHSIM Yy Or0 MeXax i Mmo3a HUMK, WO XapaKTepusye
Mi>KOIOTeOLEHOTUYHI  3B’A3KW. BuainbHi  (yHKUIT opraHiamMiB pisHMX UApCTB  XKMBOI
NpUpoax, B NPOLLEcax XXUTTELIANBHOCTI Ta NOCMEPTHONO PO3KafaHHs, hoPMYIOTL 3araiom
ocobsmBe 6GioxiMiuHe cepefoBULLE, KOMMIEKC JIETKUX PEYOBUMH SKOr0 € A0CTaTHbO
PYXOMMUM i YacTO OpraHofiinTUYHO BifYYTHUM 3a Mexamu 6ioreoueHosy. b. b. MNonmHoB
(Perelman, 1969) BBaXkaB Cthepy NIETKNX PEHOBUH XapaKTEPHOK reoxiMiuyHOK 0CO6/MBICTIO
NaHAwadgTy i, BiAMOBIAHO, Ha Haw nornsag, 6yab-AKoro 6ioreoLUeHo3y B HbOMY. HBMLLA Ta
npoLecK, L0 XapaKTepu3aytoTb BUZINIEHHS OpraHiaMamy ek3oMeTaboniTiB i MPOAYKTIB
MOCMEPTHOrO PO3KNafaHHA Ha30BHI BM3HAYalOTb BUAIMIbHY (YHKLiHO GioreoueHosy, Lo
BIZNOBIfaE Or0 aKTUBHOCTI AIK aienionatnyHoro (Uinoro) aktopy. MornmHaibHa GyHKLis
bioreoueHo3y 3a6e3mnedyeTbCs  CMPUAMAHHSAM  COHSIYHOI  eHeprii, pisHUX nonis |
BUMPOMIHIOBaHb, BOJ/IOMX, Tenfa 3 KOCHOI peyvyoBMHM (MIACTUNAKOHOT MaTEPUHCLKOT
nopoaw), BMMMBIB BUAINbHWUX (YHKLiA cycigHix 6ioreoueHosiB. eonoriyHa gyHKLis
6ioreoLeHo3y NPOSIBASETLCA Y MEXaHIYHUX pyxax XiMiYHMX enemMeHTIB i 6ioreoxiMiuHmx
ABULLAX | npoLecax, AKi NOB’A3aHi 3 BUKOPUCTaHHAM OpraHismamy XiMiYHUX enemMeHTIB i
IXHIX cnofyk ana nobyaosu Tina 3 MOCAIAYHOUOK BTPATOK 33 PaxyHOK MPUXXMTTEBUX
BUAINIEHb | MOCMEPTHOro po3KnafaHHa pelTok. bioreoueHosam, y MeBHiA  Mipi,
MpUTaMaHHOK € 34aTHICTb PO3LLMPIOBATY CBIli 06’eM (MPOCTIP) 3a paxyHOK MepeMiLLeHHS
OpraHismiB, IXHIX 3a4aTKiB i PELUTOK 3a MeXi nepexigHux 30H (ekoToHOTOMIB). Lii ABMLLA
Ta npouecu BiAMNOBIAaKOTL BIOreoLeHOTUYHIA eKcnaHcii abo LeHoXopil.

[ns  6ioreoueHosiB, fK CUCTEM, BNacTMBOKD € MNeBHA  BiAYNEHOBAHICTb
(aBTOHOMHICTb),  [AMCKPETHICTb, OPraHi3oBaHICTb Ha  OCHOBI  MapuensipHoi  Ta
6i0yHKLiOHa/IbHOT  iepapXiYHOCTI, BIAMOBIAHO KOHCOPTMBHOCTI Ta PIiBHIB  Mac-
€HEPreTUYHOr 0 BUKOPUCTAHHSA TPOIYHNX PecypciB.

bioreoueHonoris K Hayka MOKW WO 3HAXOAMTbCS B CTafil CBOEI po30ynoBu,
6e340CTaTHLO YITKO CHOPMYNbOBAHMX HanPAMIB | KOHLEMLilA, KOHTYPIB 3aBepLUEHOCTI
KapTWHWM CBiTYy B CBOIi MeTogosorii. B 3aranbHili kapTuHi  6ioreoLeHoNorivYHmX
[OCnifpKeHb, Ha Hall MOrNA4, MOXHA BMAIMUTU Taki HanpsMu fK: 1) TaKCOHOMIYHWIA
(BiZNOBIAHO BM3HAYEHHSAM BUAOBOrO CK/Ialy OpraHi3miB pPisHUX LApCTB XKMBOI NPUPoAN);
2) thakTopianbHWiA; 3) aganTauiiiHWin (CTOCOBHO peakuiil Ha pi3Hi BNAMBW, ajanTauiii i
(hopmyBaHHA eKOMOp(IYHOro CcKnagy); 4) npOCTOPOBO-AMHaMiYHUI  (MNOB'A3aHUIA 3
BUINEHHAM (hopMm Tifl B6ioreoL,eHo3IB | CKNagaumx iX OpraHiaMiB y cTatuui Ta guHamili);
5) AMHaMiYHO-eBOMIOLIMHWIA, Y MeXax AKOr0 BMBYAKOTLCA Pi3HOMACLUTabHi MPOCTOPOBO-
YyacoBi 3MiHW CKnagy, 6ya0BK, BHYTPILUHbOOIOrEOLEHOTUYHNX Ta MiDKOIOreoLeHOTUUYHUX
3B’A13KiB  OpraHiamiB i, 3aranom, MiXX0ioreoLleHOTUYHKX B3aemofiit; 6) GioreorpadiyHnii
(BigNOBIAHO MOLUMPEHHS GiOreoLeHO3iB); 7) eBOMIOLLIAHWIA, KW OXOM/KE BCi MPOSIBY
MPOCTOPOBO-4acoBOI MiHAMBOCTI 6iOreoLeHO3iB Bifi CE30HHUX (NYKTyalii A0 BiKOBUX
3MiH; 8) iHTepaTMBHWIA, SKWIA MNOEAHYe BCi HAMPAMW [OCAIMKEHb Y KOHKPETHOMY
6ioreoleHOTMYHOMY CepefoBuMLLi TOWO. My He BUK/IKOYAEMO MoAanbLUoil Binblw ApibHOT
JeTanisayii Ta AuepeHLiioBaHOCTI 6i0reoLeHON0TYHMX JOCIAXKEHD.

bioreoueHoNOriyHy MeTOLOMOri0 OKPEC/OTh HEOJHAKOBO 3HauyLli Ta OCSKHI
CKnafoBi. B i oHTOMOrIi MOXHa BUAIMUTK Taki Npobnemn AK: 1) 06’€KTUBHO iCHYHOYe
HEBM3HAYEHO BE/IMKE PISHOMAHITT 6ioreoueHo3iB; 2) TXHi 06’€KTMBHI  CKNA4HICTb
OpraHi3oBaHOCTi, (DyHKLIOHYBaHHA Ta PO3BMTKY; 3) CneumdivHIiCTb | HecrneumgiyHicTb
ABMLL, | MpPOLECiB y pisHWX Tunax 6ioreoueHosis. Cepef rHOCEONOriYHUX Mpobiem
BIAMITUMO: 1) OOMEXEHICTb | He3aKiHYeHICTb Cy4YaCHWX TEOPETUYHUX Y3aranbHeHb |
nobyaos; 2) HeAOCTaTHICTb (haKTOMOFiYHOro Matepiasly Mnpo  Mac-eHepreTuyHi Ta
iH(bopMaLliiiHi NOTOKW, WO PerynolTh i pyxaloTb 6ioreoleHosmn; 3) PO3LLMPEHHS Ta
nornuéneHHs TeopeTusauii; 4) akTyanisauito MPUHUMNIB HEBU3HAYEHOCTI, [JOMOBHEHHS,
thopmanisauii, aHanorii, ekcTpanofAauiin y MoACHeHHI OyTTs, AuWHaMmikm Ta eBontoLii
6ioreoueHosiB. Ha piBHI 3arasbHO-HayKOBOI MeTOZOMOriT yBary 30CepeduMmo Ha
npobnemax: 1) cucTeMHOCTI 6ioreoueHosiB y BCix Ti mposBax; 2) IXHbOrO eneMeHTHO-
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KOMMOHEHTHOrO aHaniay Lio4o cknagy, 6yaoBu, 3B’s3KiB, pi3HOMaCLUTabHMX NPOCTOPOBO-
4acoBMX 3MiH. Y KOHKPETHO HayKOBiii MeTOAO0NOrii 6ioreoLeHoNOriT CyTHICHUMM, Ha Halll
nornsag, € npo6nemu: 1) pisHOPiIBHEBOI Y/IeHOBAHOCTI 6GioreoUeHosiB; 2) IXHbOI TUNoAOrii
Ha peanbHiii i hopmanizoBaHiii ocHoBax. B gucuunniHapHiini MeTogonorii Big3Ha4YMMo
npobnemu: 1) pgeTanizauii BHYTPILUHLO Ta MiKOIOTEOLEHOTUYHMX B3aEMOLIA Y
6ioreoLleHOTMYHOMY MOKPUBI; 2) TXHI KOMGIHATOPHWIA aHani3. Ha mixgucuunnaiHapHoMy
piBHIi MeTogonorii  6ioreoueHonorii  Bugingemo npobnemu: 1) 6GioreoximiyHoi poni
6ioreoueHo3iB y 6ioreoLeHOTMHYHOMY MOKPWBI; 2) TXHbOI €BOMKOLIAHOI 3HAYYLLOCTI SIK
nosiB MIKPOEBOMOLIMHMX SBWLL, | MpoueciB; 3) cTepeoMeTpii 6ioreoLeHosiB i Tin, WO X
CKNafatoTh; 4) KibepHeTMKM 6ioreoLeHo3IB.

HasBaHi pi3HOpPiBHEBI Ta PI3HOEMHICHI METOLOMOTIYHI NPobaeMy CKNagarTb AnLle
He3HayHy 4aCTWUHY TXHIX OMUCIB | BM3HAYeHb, AKI MOXYTb CAyrysatu Ans no6ynosu
KOHLEeNUiin 6ioreoLeHONOrii, K CUCTEM ifeid | NPMHUMNIB HAyKOBOro G6aYeHHs Ti cyTi. Mu
po3rnsgaeMo KoHuenuii sSiK cpopMOBaHi Ta He3aBepLleHi, L0 3HaxoasaTbcs B CTagil
PO3BUTKY, CYKYMHOCTi Y$siBAEHb, CMNOCOOIB i MNPWUHUMMNIB OCMUCNEHHA MEBHUX SBULL,
06’€KTiB HanNpPAMIB HayKu Ta CyCrifIbHUX pyXiB ab0 »uTTa. KoHuenwii 6ioreoueHonorii, K
CUCTEMW NOrNAgiB, AKi MOEAHYIOTb Pi3Hi  6GayeHHA 1T CYTHOCTI, MOXYTb 6yTu
AudepeHuiioBaHi Ta iHTerpoBaHi B €AuHili (hparMeHTapHii HayKOBill KapTUHI CBITY.
B AKOCTi OCHOBHMX KOHLENUiA MW BWUAINSEMO: CUCTEMHY, TEPMOAMHaMIYHY,
6i0TEXHONOTIYHY, CTEPEOMETPUYHY, T[eOMOPJOJIOTiYHY, TeonoriyHy, 6ioreoXimiyHy,
aflanTauioreHesHy, €eBOMIOLIAHY (NaneoHTONOrivHy), 6GioreorpadiyHy, KiGepHETUYHY.
B Mexax KOXXHOT KOHLeNLiT BUManboBYHOTLCA TpW acnekTu: 1) 3aranbHo6ioreoLeHOTUYHNIA,
CTOCOBHO iHAMBIAYyani3oBaHOCTI  6ioreoueHosiB; 2) MiKOIOreoLeHOTUYHWIA, BigHOCHO
BCbOr0 0iOreoLeHOTUYHOIO MOKPMBY ab0o MOro 4acTuH; 3) MnnaHeTapHWii, 6GiochepHWiA,
AKWIA BU3HAYAETLCA GioCtepHO 3HaUYLLICTHO GioreoLeHO3iIB.

CucteMHa KOHLENUis € BM3Haya/bHOW, NaHiBHOKW. BoHa nepekpuBae, MEBHOK
MipOI0, NOJA BCIX IHLWIMX, BUXOAWTb i3 CYTHOCTI PO3YMiHHS CUCTEMW B 3ara/ibHOHAYKOBIl
MeToA0M0riT. 3MICT CUCTEMHOI KOHUENLIT cknafae 6a4eHHs GioreoueHO3iB SiK 006’eKTiB
CUCTEMHOrO aHanidy 3 yciMa Hacfigkamu, fKi 3 UpbOro BUTiIKaloTb. B Mexax CUCTEMHOI
KOHLeNuiT 06rpyHTOBYIOTLCA MaTepia/ibHi BUPasn 03HaK i BNacTMBOCTEN, BHYTPILLHLO- Ta
30BHILIHbOOIOre0LEHOTNYHI 3B’A3KM €/1EMEHTIB | KOMMOHEHTIB, ONWC, aHasli3 | OCMUC/IEHHS
MopyLleHb  CUCTEMHOCTI. CWUCTEMHA KOHLENUIS OKPECMHE CUCTEMHE  PO3YMiHHS
OpraHi3oBaHoCTi, (DYHKLiOHYBaHHS, PO3BUTKY 6iOreoLeHosiB K Bif4IeHOBaHUX Bif, IHLIMX
nogibHNX abo HenodibHUX CYKYMHOCTEV B3AEMOLIKOUMX ENEMEHTIB | KOMIMOHEHTIB 3
PI3HUMU PIBHAMU AUCKPETHOCTI, AVHAaMIYHOCTI, LiNiCHOCTI Ta CyMaTMBHOCTI.

Big ocHoBononoxHux npaus B. M. CykadoBa (Sukachev, 1972, 1974, 1975) B ycix
po3pobKax i 3BefeHHAX aKLEHTyBasaca cucTeMHa npupoga ioreoueHosy (Holubets, 2000;
Nomokonov, 1989; Rabotnov, 1976; Shanda V., 2013). bioreoueHo3, §IK CYTHICTb,
BifNoBifae BCiM 03HaKaM i B1ACTUBOCTAM CUCTEM Y TXHIX 3ara/lbHUX i HealbTepPHATUBHUX
BMU3HAYEHHSAX, AIK | B KapTUHaX, sIKi OKpecneHi TEOpeTNKamMmm CUCTEMHOrO 6a4eHHst MPUpPoAK
(Haylov, 1963; Sadovskyy, 1974).

BioreoueHos, ik cucTemy, CKnafaloTb Taki Oro Tina, ik 6ioTuyHe (6ioueHo3),
6ioKOCHI ( Npn3emHa aTMocepa Ta rpyHTH), 6ioreHHi (HeobioreHHe, SiK OpraHiyHi peLTKy
B CTafii po3KnajaHHs, Ta naneobioreHHe $K MeTamopdi3oBaHi 0Cafo4HI Nopoaw
OpraHiyHoOro MOXOPKeHHS, AKLO0 BOHU MiACTUAAOTL PYHT), KOCHe, WO € MiACTMIaK400
MaTepUHCLKOK MOPOAOID Ha PiBHI NPOHWKHEHHS B HET poc/inH i 3emnepuiB. Lii Tina MatoThb
CUCTEMHY MPUPOLY B MHOXWHHOCTI CBOIX €/leMEHTIB, 3aBAAKN Mac-eHepreTUYHUM
oOMiHaM BcepeauHi X i MK HMMW. CWCTEMHICTb 6iOreoUeHO3iB BKIOYaE XaoC $K
HeBM3HaYeHi Ta Heri3HaHi T 3aKOHOMIpHOCTI.

CucTeMHa KOHLEMUiA ONuUCYe He TifbKW 6ioreoleHo3un, ane TakoX iXHi CyKyrnHOCTI,
6iomu, SIK BAIAM 6ioreoLeHOTUHHOTO NOKPUBY Ta BECh Lieil NOKPUB i Biocdepy sk cuctemu. B
CVUCTEMHIA KOHLenLji, napanensHo 3 eBOMOLIHO, BUNMBAE TeOpis CyKLECIAHMX cucTem
(Odum, 1986) i cyKuecCiiiHOro aHani3y. B CCTEMHY KOHLEMLitO LLIIKOM [JOPEYHO BMMUCYETLCS
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ifes opraHismiamy, 3anouvatkoBaHa . KnemeHtcom (Mirkin, 1983) ansa ciToueHo3y, sIKWA,
BIJMOBIAHO BBaXXaBCH  KBasuopraHismom. [py  UbOMY 3 MO  30pY  BUK/IHOYaBCH
iHAVBIAYaNiCTUYHMIA KOHTEKCT KOXKHOTO (DiTOLIEHO3y. POCNMHHE YrpynoBaHHA Ta BCi iHLLUI
CKNafloBi BIOLEHO3Y € CYKYNHOCTAMY iHAVBIAIB Ha OCHOBI iXHBOT FEHETUYHOI HEMOBTOPHOCTI.
PeHoOTUNIYHA iHAMBILYAILHICTE  OpraHismiB  Pi3HUX LAPCTB XKMBOI MPUPOAU  [03BOSSE
PO3rNsAAaTV KOXKEeH 6ioreoLieHO3 He TiflbKy B N/aHi OpraHiamismMy, ane i sk cucteMy i NoTOKu
B3aEMOZiOUMX IHAMBIAYNIbHOCTEN Y MpoLecax IXHbOT XXUTTERIANBLHOCTI Ta PO3BUTKY.

TepMoguHaMiyHa KOHUEMUia MosACHIOE 6ioreoleHo3n K BIAKPUTI HepiBHOBaXKHI
TepMOAMHAMIUHI CUCTEMMW 3 PIZHUMMW PIBHAMMW BMOPSAKOBAHOCTI, HEBMOPSAKOBAHOCTI Ta
IXHIMM cniBBigHOLWEHHAMU. EHepreTuka 6ioreoueHosiB — CYKYMHICTb ABMLY, | MpoLecis
O€EPXKaHHS, HAKOMUYEHHS, BUKOPUCTaHHSA, PyXy, NEPETBOPEHHS Ta PO3CitOBaHHA eHeprii —
NignopsgKoBaHa OCHOBHMM 3aKOHOM TepMoOAuHamikn., B mexax uiel  KoHuenuii
6ioreoLeHO3N PO3rnsAAatoTbCs AK €HEPreTUYHI YCTPOT 3 Pi3HUMM 06’emMamm akyMynsii,
BMKOPWCTaHHA Ta PO3CitOBaHHS eHeprii (COHAYHOI Hacamnepea) Ha BCiX CTyneHsX 1i pyxy.
HaiBaxxnmBillia TepMoMHaMiyHa XapaKTepucTmKa BCix ekocuctem 3a tO. Ogymom (Odum,
1986), i 6ioreoLgHO3iB y TOMY YmMCi, Lie 34aTHICTb CTBOPIOBATK Ta MiATPMMYBATU BUCOKWIA
CTYMiHb BHYTPILUHLOI YMOPAAKOBAHOCTI ab0 CTaHy 3 HW3bKOI eHTponieto. Mpu ubomy
HEBMOPALKOBAHICTb BUBINBbHIOETLCH Y BUMNAAI po3citoBaHHA (Aucunadii) eHeprii. 3a
paxyHOK eHeprii, dikcoBaHoi B Tiflax, fKi CKnajaloTb  OiOreoLeHos, Becb
6i0reoLeHOTUYHMIA MOKPUB, AOr0 OKPeMi BiOMK MOXKHA BU3HAYaTW Y AKOCTI eHepreTUYHoi
M03aiKku, TOMY L0 6ioreoLeHo3n MaloTb HEOAHAKOBY eHepreTUYHY EMHICTb. BUBINbHEHHS
Ta po3citoBaHHS eHeprii (0CO6AMBO Y BUINAAI TENsa) MOXHa BIAHECTU [0 OLHIET 3 (hopm
BHYTPILLHBO Ta MiXKOIOreOLEHOTUYHNX B3aEMOfIN. Y MeXax TepMOAMHaMIYHOI KoHUenuit
6i0/10riYHI NepBMHHA Ta BTOPMHHA NPOAYKTUBHICTb (3arasiom i y BUAOBMX BU3HAYEHHSIX)
MaloTb OLIHIOBATUCA  HE TiNbKA OLMHMUSMM Macu, afie TakoX Ha OCHOBI TXHbOT
EHEPreTUYHOI EMHOCTI ( B EHEPreTUYHUX OAMHULAX), L0 MOX/IMBO PO3KPUBAE HOBI
acnekTn uux npobnem. TepMoAuMHamiyHa KOHUENUis [03Bofise 6aunTy BioreoueHosw,
6ioreoLleHOTUYHUIA MOKPMB | BClO Bioctepy sK BIAKPUTI TePMOAMHaMIYHI CUCTEMN.

BioTexHoNoriYyHa KOHLENLisA po3BMBaE YABNEHHA MPO GIOXiMIYHI Pi3HOMaHITTA Ta
IHAVBILYya/IbHICTb  6IOreOLEHO3IB Ha OCHOBI  MPUPOAHWMX  TEXHOMOTiM, TOOGTO MEBHMX
MOCMIJOBHMX SBWLY, | MPOLECIB MNPOAYLIIOBAHHSA, CUHTE3y Ta PEecUHTe3y OpraHivyHuX i
HEOpraHiYHMX CroyK OpraHisMamm Pi3HMX Li@pCcTB XXMBOI NPUPOAM B MPOLECE XUTTA Ta
MOCMEPTHOrO0 PO3KMafaHHA. B pisHMX, i B TaKCOHOMIYHO Ta €KOMOP(IYHO 6AN3bKNX
6ioreoLieHo3ax, akCiOMaT4YHO CMPUAHATAVBUMM € Pi3Hi CMiBBIAHOLLEHHS YNCENbHOCTI Pi3HMX
rpyn OpraHiamiB, CTaHiB TXHIX YXWUTTELIANLHOCTI, BIOXIMIYHOI aKTUBHOCTI W00 YTBOPEHHS
6IOXIMIYHMX  CMOMYK  BHYTPILLUHLOOPraHi3MEHHOr0  MPU3Ha4YeHHs Ta  NPOAYLHOBaHHS
ek3omeTaboniTiB. Lle 6e33anepeyHo Bifobpaxae GIOXiMiUHy iHAMBIAYaNbHICTb GiOreoLeHo3iB,
asie NMoKM LLO € SIKICHO Ta KifTbKiCHO CK/MaAHO Y/IOBHMM Ta BiUyTHUM.

bionoriyHi TexHonorii 6i0TMYHOTO Ta HEKPOTUYHOrO TUMY, TOOBTO YTBOPEHHS
opraHisMamu pisHMX LApCTB >KMBOI MPUPOAM B MNpouecax >XWTTS Ta MOCMEPTHOro
pO3K/MafaHHA pPeyvyoBMH Pi3HOI  6I0NOrIYHOI Ta eKOMOoriYyHOoi 3HavyLWocTi, 3abesnedvye
nobyaoBy cneuu@ivyHoOro Ansa KoXHoro 6ioreoueHo3y 6ioximiyHoro cepefosuila. BoHo
(DOPMYETLCA  OpraHismamy  pi3HMX LAPCTB KMBOT NPUPOAM 3  iHAMBIAYalbHUMY,
YHIKa/lbHAMW TeHOTUMNaMK Ta BGIOXIMIYHOK aKTUBHICTHO i HEOAHO3HAYHO XapaKTepusye
KOXHWIA BioreoueHos. OTxe, BGioximiuHa iHAMBIAYa/IbHICTL 6GiOreoLeHos3iB [03BOSSE, B
LbOMY MnaHi, cnpuiAMaT igei opraHiamiamy, po3rnsgati 6ioreoueHOTUYHMIA NOKPUB SIK
6ioxiMiyHy  Mo3aiky  OAM3bKMX | BigganeHMx  GIOXIMIYHMX  OAMHMLbL  1AOro
AndepeHLiioBaHOCTi, a BClO Biocthepy — K KOMMIEKC TakuxX Mo3aiK. PyXoMicTb NeTKux
PEYOBMH GioXiMiYHOrO CcepedoBULIA CKNaJae OAHY 3 OCOOMMBOCTEN BHYTPILLUHBO Ta
MiXO6i0reoLeHOTMYHMX 3B’A3KiB. Cyma 6ionoriyHMX TexHomorin y 6ioreoueHosi €
iHTerpaTMBHOM, TOMY LU0 TXHE CKNagaHHA 3abe3nevye HOBWIA SKICHUI edekT i GioXimMiuHy
cneundivHicTs.  MpupofHi  6ionoriyHi  TexHonorii  opraHisMiB Pi3HWX LAPCTB XKMBOI
npupoau 3abesneyvyroTb (POPMYBaHHA XXMBWU/BHUX MOTOKIB Pi3HMX XiMIYHMX CNONyK i
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OpraHiamis, BK/KOYalOuUM HEOOIOreHHi pPeYyoBMHM MNpPU  MOCMEPTHOMY  PO3KadaHHi
OpraHiYHMX PeLUTOK i 3MiHM Y BIOKOCHMX | KOCHKX Tifax 6ioreoLeHosy.

BioreoximiuyHa KOHLEMLiS MOACHIOE Ponb i (YHKLii 6GioreoleHo3iB y 6GioreHHil
Mirpauii XiMiYHUX enemeHTiB i 6ioreoxXimiuyHmx Uuknax. XXusi opraHiamu B 6ioreoLeHo3ax
BUKOHYIOTb T€OMOrivHi  (OyHKUii B npouecax i fABULLAX MeXaHiYHOro nepemilleHHs
PEYOBUH, XIMIYHUX €NEMEHTIB, & TaKOX reoXiMivHi DYHKLIT L0 BUKOPUCTAHHS XiIMIYHUX
efleMeHTIB  And nobyfoBM CBOIX Tifl, >KUTTERIA/IBHOCTI Ta XiMIYHOrO pPO3K/IafaHHs
OpraHiYHMX PeLuToK, (JopMyBaHHA He0OIOreHHOT PeYoBMHW, MiHepaisauii Ta 3MiH Yy
6IOKOCHUX | KOCHMX Tinax 6ioreoueHosy. «Buxpi xuntTa» XK. Kiobe Ta K. Bepa abo »wuBa
peyvoBMHA AK CYKYMHIiCcTb opraHismis (Vernadsky, 1926) 3axonsitowoThb i 36epiratoTs y cobi
MiNbAOHK pokiB (3akoH GepexnuBocTi K. Bepa) ximiuHi enemeHTU (Ta, BUBIPKOBO, iXHi
i30TONK 3a Cy4aCHUM PO3YyMiHHAM). XiMiyHi enemeHT B 6ioreoLgHo3ax 3ayyaroTbCs B
UMKNIYHI  GioreoximiyHi npouecy Bif MiHepanbHOro CcTaHy A0 6araTopasoBoro,
BMOIPKOBOIr0 BXOPKEHHS B CKNaA Tifl XXMBMX OpraHiamiB. bioreoximiyHi LUMKM razoBoro ta
0CafloBOr0 TUMIB He € 3aMKHEHWMW Ha OAauH 6ioreoueHo3. BoHM npsmo uu HenpsaMo
3aXONn/IoI0TL CYMiKHI 6ioreoueHo3n abo 4acTUHM 6ioreoLeHOTUYHOrO nokpusy. [Mpu
LbOMY 6ioreoLeHo3 MOXYTb BWMKOHYBaTW (YHKLiT 6GioreoximiyHmx 6ap’epis, Kom
6i0TUYHI, BIOKOCHI, 6i0reHHI Ta KOCHI TXHi CKMafoBi 3aTPUMYIOTb PyX XiMIYHUX EfIEMEHTIB
UM «MpocCitorTb» TX 32 paxyHOK  CBOET BUOBIPKOBOI 3[4aTHOCTI A0 MNOrMHAHHA Ta
KOHLEHTPYBaHHA. B LboMy € cneuudiyHi NposiBu MidK6iOreoLeHOTUYHIX 3B’ A3KiB.

CTepeomeTpuyHa KOHLEMLis pO3BMBAaE MOrnsAM Ha 6ioreoueHosn sK 0Co6/uMBI
NpUpPoAHi  Tina HeBM3HAYEHOT MPOCTOPOBOI (hopMuM Ta 06°eMy, WO CKAagawoTb
6iOreoLeHOTMYHUIA MOKPMB | MalTb CKMadHi Mig3emMHy Ta HaasemHy TonorpadiyHi
noBepxHi. ENemMeHTM Ta KOMMOHEHTM 6ioreoleHo3iB MatoTb 06’€MHUIA NPOCTOPOBWUIA
XapaKTep i BKNafeHi B HAX Yy HEBU3HAUYEHO BEIMKMX YNCENBbHOCTSX, 06°emax i dhopmax. Big
YNbTPaMiKpOCKOMIYHMX, PI3HOMaHITHMX (OpM MOMEKyn BipyciB A0 Merapo3mipie (y
MeTpax i fecATkax MeTpiB) YCi KOMMOHEHTU Ta efleMeHTU 6ioreoeHosiB, K NpoCTopoBi
Tifna, B CBOI MHOXMHHOCTI AKICHO Ta KifIlbKICHO OKpecneHi. bioreoLeHOTUYHWIA NOKPUB
perioHanbHO Ta 30Ha/IbHO Xa0TUYHO OpraHi3oBaHwWii GioLeHo3amm PisHMX hopM, 06’EMIB i
po3mipHoCTeid. Ycs 6iocepa, fK MNpUPOAHe Tino, 06BOMIKaE MNaHeTy Yy BENKOMY
Pi3HOMAHITTI Tifl, AKUMK € BioreoueHo3n. dopmmu, 06’eMu i PO3MIpKU Tif, AKI BXOAATL Y
cknaf 6ioreoueHosiB i camux 6IOreoueHO3iB € afanTMBHO BUBIPEHWMU Ta EKOOTIYHO
[OOUINbHUMK ANst 3a0e3MeyYeHHs] TXHbOro CTabiNbHOrO iCHYBaHHS, (PYHKLIOHYBaHHA Ta
po3BMTKY. B Mexax Ui€i KOHUenuii napuenu po3risgatoTbea SK 06’€MHI, NpOCTOPOBI
BUAINM 6ioreoLeHosiB, a eKOTOHOTONW — AK Mmapuenu, wo ix obnasmosytoTb (Shanda L.,
2006). CyTTeBO BaXX/IMBMM € BCTAHOB/IEHHS MPOCTOPOBOT KOHMirypawii Ta opieHTauii Tina
6ioreoLeHO3y 3a YaCTUHaMM CBITY.

["e0NOriyHy KOHUENLit0 MW PO3rNsjaEmMo K Taky, CTAHOBMEHHS SKOI MOB’s3aHe 3
BUSIB/IEHHAM Ta OCMWCMIEHHAM BMAMBY TiPCbKUX, MAaTEPUHCLKMX, MiACTUNAKUKX,
'PYHTOYTBOPIOKOYMX NOPiA, FigponoriyHux ymoB (30Kpema rMBUHHKX) i 3aiaraHHa Ta
XiMi3My I'pyHTOBUX BOJ, Ha 6ioreoLeHosu.

bioreorpachiuHa KOHUeMuUis € OCHOBOK reorpagiyHoi 6ioreoueHonorii. BoHa
06’eQHye yABMEHHA NP0 MOLIMPEHHS 6ioreoueHosis, ixHili po3nogin y npocTopi,
PO3MeXyBaHHS Ha NOBEPXHi 3eMi OKpeMuX BUAINIB BI0reoLEeHOTUYHOrO MOKPUBY Ta iXHHO
CTPYKTYPY Ha POHI pi3HMX (hi3nKo-reorpadivyHnx yMOB naaHeTu.

"eomoponorivyHa KOHLenuis po3BMBaE Ta NOELHYE YABNEHHSA NPO reoMOPQONOriyHi
3a/1eXXHOCTi 6ioreolieHo3iB, 30KpeMa BMIMBIB (lopM i 0Cco6MMBOCTEN penbedly Ha cknag,
6yaoBy, (YHKLiOHYBaHHS, PO3BUTOK, NiHIAHI PO3MipK, NPOTSXKHICTL GioreoueHo3iB, TXHE
PO3MILLEHHS, NAaHIMETPUYHI MpOoeKLil, opieHTalil0 3a 4YaCTMHaMM  CBITY, MOMIOXKEHHS
LLOZI0 COHAYHOrO OCBIT/IEHHS, BK/THOUAKOUM eKCMO3NLiH0 Ta KPYTU3HY CXUNIB.

"eHeTUYHa KOHLenuia GioreoueHoNorii NoegHye nornagy Ha 6ioreoUeHosmn K apeHn
MepBMHHMX eBOMIOLiiHMX MepeTBopeHb (Schmalhausen, 1969), MikpOEBOMOLIAHMX ABULL |
MpoLeciB y NONynALisax opraHiamis ycix LapCTB XMBOT NPUPOAM 3 BiAMNOBIAHUMM NMPOSBaMK
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MyTaL|iiA,FeHeTUYHM ApeindoM, 3MiHaAMKM YaCTOT reHOTMNIB | CEeNeKLiiHOT LLiHHOCTI anenis,
SBULL, TpaHCreHo3y (TpaHctopmauil, TpaHCAYKLUii TOwWo) Ha (IOHI LEHOTUYHUX YMOB.
BHYTPILLUHBO i MiX6IOreoLeHOTUYHI 3B’A3KKM, SBMLLA BIOTUYHOI NPUPOAMN MOXYTb AISTW 5K
MyTareHu, YUMHHUKW (heHOKoNii, MopdosiB | afanTWBHUX Moaudikauii. [eHeTnyHa
KOHLIeMLis 3amovaTKoBaHa B mpauax 6araTbox BYeHUX, NOTpebye NoAanbLLOT TeopeTu3auii Ta
MPaKTUYHWX AOCMISKEHb Ha CTBOPEHHS [OKA30BOM 6a3n A1 MOEfHaHHA 3 Cy4acHOH
CUHTETUYHOIO TEOPIEHD EBOSIOLLIT IK HA OCHOBI TUXO-, TaK i HOMOreHesy.
AfanTauioreHe3ncHa KoHUEeNLis 3aX0n/He He TifIbKM OCMUC/IEHHS 6ioreoLeHo3iB AK

nosniB NPUCTOCYBabHUX 3MiH opraHi3miB (aganTauiomopdosis, 3a I. I. LLImanbray3eHom
(Schmalhausen 1969)), ane BM3HAYae 6IOreoueHoO3n SK O06’€KTU  CUCTEMHUX
NpUCTOCYBa/IbHUX SBULW, | mpoueciB  (aganTobioreoueHoreHesy), CrnpsMOBaHMX Ha

3a6e3MeyeHHs CTIKOCTI 6ioreoLeHo3iB 3aBAsKM B3aEMHOMY KOPeryBaHHIO 3MiH CKnagy,
6ynoBu, 3B’I3KIB MPWU TXHIX BHYTPILWIHLO- Ta MiDKOGIOreoLEHOTUYHNX nposBax. Lis
KOHLLeNLisA CNpsMoBaHa Ha 3B°A3KM 3 CYHaCHOK CUHTETUYHOIO TEOPIED eBOSIOLT.

EBo/toLjiiHA KOHLEMLA BK/IOYaE ABa HampsiMM  TEOPETUYHOMO OCMUCEHHSI PO3BUTKY
6ioreoLieHo3iB Yy yaci: 1) HEOreHe3MCHUIA, CTOCOBHO Cy4acHOro, KOMMLLIHLOO (A0 COTEHb i TUCAY
POKiB) | MPOrHO30BaHOTO MaiibyTHLOr0 CTaHiB  6iOreouUeHO3iB Y IXHIX 3MiHax; 2)
MaseoreHe3NCHNA  ((hiNIOLIEHOTEHE3NCHNIA) B PETPOCTEKTVBI  Mi/biAOHIB POKIB Ha OCHOBI
FEOXPOHOJIONIYHMX, Nae0BioNorivyHMX, 34€e0iMbLOro HEAOCTaTHLO IHPOPMATUBHUX AaHUX, SIK
MOYKHa MOMOBHIOBATY Ta NOEAHYBATY NMPY EKCTPaNONALii OCHKHUX MAHYNX i CyHaCHUX OMMUCIB.

EkcnepumMeHTanbHa 6ioreoL,eHooris € MisHaBabHUM HanpsIMOM, LLOAO 3’ACYBaHHSA CyTi
TUX abo HWKMX ABULL i NPOLECIB MPWU OpraHisauii, CTBOPEeHHI, peanizauii KOHTPObOBaHUX i
KepoBaHMX YMOB 3 Pi3HOMaHITHUMM 3MiHamMmK B GioLieHO3aX, GIOKOCHMX, GIOFeHHMX | KOCHMX
Tinax. Y  LUMPOKMX  3arasibHO-6i0n0riYHOMY  Ta  6iOreoueHONoriyHOMyY  MiaHax
eKcrepmeHTaIbHa 6ioreoLeHONOris BKIKOYAE OCMUCIEHHS: 1) pi3HOMACLLUTabHUX NPUPOAHMX
nepebyaoB y 6iorecLeHOTUYHOMY MOKPUBI MPW aHOManisX KnimaTy, NPUPOAHMX KaTacTpogax
TOWO, a TakoX npu eBontoLiT naHAwadTiB, opraHiamMiB i MpuU HECTPUMHOMY MOLUMPEHH
OpraHi3miB y HacnifoK po3TikaHHA XMBOT peuoBuHU 3a B. |. BepHaacekum (Vernadsky, 1926)
abo HaluecTb, HaBan opraHismis 3a Y. EntoHom (Elton, 1965), BKOUa0UM pocIHK, TBAPUHW,
rpubw, 6akTepii, Bipycy; 2) IHTPOAYKUIT OpraHi3mMiB, TOGTO NMEPEHECEHHI TX MOAMHOK 3 MiCLb
NMPUPOAHOro iCHYyBaHHA B HOBI cepefioBuLLa (bioreoLieHO3M).

EkcriepymeHTaslbHa 6I0reoLeHooris Mae TakoX PO3MNAfaTUCs AK KOHCTPYKTUBHA, LLO
3a6e3reyvye CTBOPEHHS Ta BUKOPUCTaHHSA Ky/bTyp 6ioreoLeHosiB i arpobioreoLeHo3iB y pisHUX
IXHIX BapiaHTax, $Ki CYTHICHI /A1 BMPOOHMLITBA POCAMHHOI MPOAYKLIi, (hiTocaHaLli,
chiTomeniopaLlii, 3a40BONEHHSI eCTETUYHMX MOTPEO | AYXOBHOr0 PO3BUTKY Mtodeil. Teopisi Ta
NpaKTuKa BTPy4YaHHs HOAMHM B 6I0reoLieHo3M Mae iCTOPUYHI KOpPeHi Ta HEOCSKHI MEPCMEeKTUBN.

Igei  KibepHeTMYHOI KoHUenuii 6ioreoueHonorii possmeas 1. I. LLmanbrayseH
(Schmalhausen, 1922). O. M. Konmoropos (Kolmogorov, 1959) Bu3HayaB KibepHeTuKY, 5K
HayKy Mpo cucTemMu 6yab-AKoi Npupogu, 34aTHUX crnpuiimaTy, 36epirati, nepepobnsTu
iH(bopMauilo i BMKOpPWUCTOBYBAaTU Ti AN ynpasniHHA Ta perynsauil. KibepHeTnyHa
KOHLLENL,ifA BU3HAYAETLCA PO3YMiHHAM BioreoLeHo3iB AK CKNagHUX KibepHETUYHUX CUCTEM,
AKAM BNacTuBi; 1) meBHa aBTOHOMHICTb i B3aEMOAIT 3 IHLWMMK; 2) HEBM3HAuYEHi B CBOIN
CYTi, YMCENbHOCTI, iEPapXiYHOCTI MHOXWHW BE/IMKOrO Pi3HOMAHITTH, 3 AKICHAMW Ta
KiNbKICHUMU BIgMIHHOCTSIMW €/IeMEHTIB, KOMMOHEHTIB, fBULL, MPOLECIB i 3B’A3KIB MK
H1MK; 3) pisHOMacLUTabHa NPOCTOPOBO-4acoBa ANHAMIYHICTb, Pi3HI NEPELLKOAOCTINKICTD i
CaMoperynioBaHHs Ha 6araTo3ymoBfieHUMX 3acajax npu  306yprolouMx  BRMBax;
4) romeocTaTu4HiCcTb. OpraHi3oBaHiCTb 6i0reoLeHO3iB CyLiIlbHO NOKPMBAETLCA NaHLIKOraMu
Ta CiTAMM B3aEMOOGYMOB/IEHOrO iCHYBaHHS. J1aHUOMM Ta CiTi XapaKTepu3yTbCa PisHUMU
PiBHAMW Mac-eHepreTuyHmX, iHopMaLiiHAX EMHOCTE CBOIX faHOK. KibepHeTu4Ha
KOHLeNLis MoXe ByTu BUpaXKeHa B B/10K-CXeMaX KOXHOI0 TUMY 3B’A3KIB, ABULL i NPOLLECIB.

KoHuenuii 6ioreoueHonorii, HaBefeHi B MepPLUOMY HabAWXKeHi, MOXyTb 6YyTK
YTOYHEHI, pO3LUMpeHi, iHTerposaHi B 1i MeTogonorii. B mexax i MK KoHuenuismu
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[OLINbHO | [OBINIbHO MOXYTb OYyTW OKPECneHi LUMPOKI Kona TEOPeTUYHMX npobnem i
HanpsaMmiB MOLLYKOBUX TEOPETUYHMX, MPAKTUYHUX i NPUKNALHUX SOCNIKEHD.

3 nosuuiii inocodicbkoi Ta 3aranbHOHAYKOBOI MeTOAoMorii B GioreoueHonorii,
BignoBiAHO yaBneHHAM B. |. BepHagacokoro (Vernadsky, 1926) npo cknag 6iocdepu, MoXKHa
BULINIMTN y3ara/ibHIOKOYi TEOPETUYHI NPOo6/emMK, CTOCOBHO CKNafatouux 6ioreoLeHo3 Tin
(abo komnoHeHTiB):Teopito 6ioTMYHOro Tina (6ioLeHO3y), AK aHanora XmBOI PEYOBUHM,
Teopito  GIOKOCHMX T (atmocepwn, TpyHTY), Teopito 6ioreHHMx Tin (Naneo- Ta
Heob6ioreHHoro), Teopitd KOCHOro Tina (MiACTUNAKOY0I MaTepPUHCLKOI NMOpoAM) B Mexax ii
BUKOPUCTaHHA Ta 3MiH XXMBMMU opraHismamu. CynigpsgHUMKN Yy MexXax KOXHOI Teopil €
Teopii cknagy, OynoBu, 3B’A3KiB, (DYHKLIOHYBaHHs, PO3BUTKY, eBotouii. HainbinbL
nepe6aqyBaHOIO i MEBHOK MipOKD OMPaLibOBAHOK € Teopist GioreoLieHo3y. Ti npo6remarnka
OKpecneHa HamMmn Yy BM3HAYEHHSX (DYyHKLIA 6ioreoleHo3y, KOHLENLin 6ioreoueHonorii Ta
MOXe OyTV [OMOBHEHA PIi3HOCMPAMOBaHO. BoHa MOXeE MepLUoYeproBo posrnagatucs B i
CyTHiCHOMY (LL0A0 cKnagy), hyHKLiOHaIlbHOMY Ta AUHAMiYHOMY acreKTax.

B po3suTKY Teopii Ta MNpPaKTUYHMX AOCNILKEHb 6ioreoueHONorii MoXyTb OyTU
HaBefleHi pi3HOMaclUTabHi MpobiemMn pi3HOT AOCSKHOCTI Ta MOX/IMBOCTEN PO3B’sI3aHHS,
BK/THOYAI0UM Ti, LLLO CTABAATLCA Nif, CYMHIB Ha PiBHi Cy4aCHOro MUC/NEHHS. TakuM € [aneko
HEMoBHWI  peecTp npob/iem, CMNOBHEHWIA pO3biKHOCTEM | Pi3HOBOK  BHacMifoK
HecymicHOCTel B 06’emax i HampsMax. B Mexax MogibHMX peecTpiB BUOIPKOBO MOXHA
BUAINUTU Taki mpobnemun: 1) cyyacHWiA, peTpo- i NepcneKkTMBHUIA (MPOrHO3HMIA) aHani3
CTaHy 1| pO3BWUTKY 6iOreoLeHo3iB; 2) CTBOPEHHS Ta YCKNaAHEHHA TWUMOMOTiYHMX
nepiognyHMX CcucTem Yy Teopiax cKnagy, O6ynoBu, (YHKLIOHYBaHHs, PO3BUTKY
6ioreoLeHO3iB 3a 3pa3kaMu TUMONOTiYHUX nepiognyHmx cuctem napuen (Shanda L., 2006)
Ta €KOMoriYyHMx Hiw (Shanda V., 2013), B TOMy u4mcni A0S YTOYHEHHS iXHbOI
iH(hopMaLifiHOi eMHOCTI; 3) BUfiNeHHS B 6ioreoLleHOTMYHOMY MOKPMBI NpPU reiTeHo- Ta
ronoreHesi CyKLECIAHMX  pO34/IeHOBaHMX CUCTeM, TOGTO rpyn GioreoueHosiB, SKi
3HaxXoAATbCS Ha pisHMX (asax | CTagiax CyKUeciii; 4) 3’acyBaHHA  Ta YTOUHEHHs
OpraHi3auinHoi Ta (yHKLiOHa/IbHOI 3HAYYLLLOCTi KOMMOHEHTIB i €NeMEHTIB 6ioreoLeHo3y
WOA0 TXHbOr0 BHECKY B peanisauilo Moro QyHKUIA fK CUCTEMU 3 PISHUMK PiBHAMM
LinicHOCTI i cymaTMBHOCTI; 5) OCMUCNEHHSA B3aEMOAIA MK Tifamy Ta B Mexax Tif,
cKnafjatoumx GioreoueHos; 6) fgetaniszauitdo  TPoMiYHMX faHUoriB  (MacoBWLLHOTO,
[eTPUTHOro Ta KOMGIHOBAHOIO TWMIB) Ta IXHIMW KibKICHUMU Ta Mac-eHepreTMyHuMm
nokasHmKamu; 7) nobyfoBy pisHUX BapiaHTIB rinOTETUYHMX CXeM 6iOreoLeHO3IB y MUHYI
Ta CydaCHy [reosfiorivyHi enoxu; 8) opraHi3oBaHiCTb 0IiOreoLeHO03IB Y MeXax KOXHOro
LiapcTBa >XMBOI MPMPOAW, LLO WOro CKNagarTb; 9)KINbKICHI XapaKTepuCTUKMN (DYHKLl
6ioreoueHo3y Ta i#oro cknamoBux; 10) BM3HAYeHHS MapaMeTPiB EKOMOriYHUX Hilll
6i0NorivyHNX BUAIB Y CTaTULi Ta gnHamiui; 11) 3’scyBaHHA Mac-eHepPreTUYHOI, KiflbKicHOT
Ta iHopMaLiliHOT eMHOCTel 6ioreoLeHO3iB Ha PI3HUX CTafisxX IXHbOro PO3BUTKY Ta B
30HaNIbHUX | NIOKaNbHUX BUAiNax 6ioreoLeHOTUYHOro NOKPUBY B3arasi; 12) matemaTuyHe,
KibepHETUYHE Ta nNpeaMeTHe MOLENoBaHHA  fABULW, | npoueciB  GioreoueHosy;
13) napuensipHuii  aHani3  6ioreoueHosis; 14)  6iOreoLEHOTMYHY  3YMOBMEHICTb
MIKPOEBOMIOLIAHMX ABWLY, | NpoLecis; 15) ocMMCeHHA napuen K iHilianei nepeTBopeHsb B
PeTPO- Ta MepcrneKkTMBax 6ioreoueHosiB; 16) gocnigpkeHHa napuen sk hakTopis LEeHOXOopil;
17) cyKueciiiHniA aHani3 6ioreoLeHOTUYHONO MOKPWBY 3 BU3HAYEHHAM (a3 i cTagii
CYKUeCIii; 18) NOpiBHSAHHSA eKOMOPMIYHOT EMHOCTI Hali6i/bLL NOLUMPEHNX POAUH KBITKOBMX
POCAVH ANl PETPOCNEKTMBHOIO aHani3y 6ioreoLeHosiB i MePCrneKTMBHOIO NMPOrHO3yBaHHS;
19) po3pobKy, anpobaLito Ta peanisalito eKCNePUMEHTaNIbHUX CYKLIECIA Ans onTuMi3aLii
6ioreoueHo3iB i BCbOro 6ioreoLeHOTUYHOro Nokpuey; 20) CTBOPEHHSA GioreoLeHONorivHOT
iHhOPMaTUKK 3 BUKOPUCTaHHAM EOM.

MocTaBneHi npobnemn € 3 nepefdavyBaHUMK Ta HenependadyBaHUMK Hacnifkamm
TXHBOTO Pi3HOCTYMEHEBOr0 PO3B’A3aHHS.

3aranom, npobsematuka 6ioreoleHoNorii Aaneko HenoBHO MOKpWBae yci nonsa i
TEOPETUYHMX MOLUYKIB | MPAKTUYHWUX LOC/IAKEHb Y OCSHXKHUX | HEOCSHIKHMX CyYaCHUX
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CTaHax, peTpo- i mepcnekTmBax. KoHuUenuii Ta npo6nemu 6ioreoLeHoNorii, BU3HaYeHi B

nepwomMy HabnmkeHHi, A03BONSHOTb

Tl AndepeHuioBaT  Ha:

1) TeopeTUyHy Ta

MaTeMaTMyHy, L0 OMpaLbOBYE TEOpito, METOAO0/Orilo, MaTeMaTUyHe Ta KiGepHeTUuHe

MOZENIOBaHHS;
6ioreorpaiyHy, €BOMOLiHY TOLLO);
iHTpa3oHa/IbHWUX TUNIB 6ioreoLeHo3iB).

2) 3arafibHy (hakTopianbHy,

TPO(OEHEPreTUYHY,
cneyianbHy  (CTOCOBHO

6i0TEXHONOTIYHY,
30HabHUX  Ta

BNCHOBKW/

1. bioreoueHonoris, K Hayka, 3HaXoAuTLCA B CTagil po30ynoBu, AndepeHLitoBaHHS,
nornn6eHHa MeTOL0/OrIT Ta TEOPETUYHOTO HaueHHs.
2. BucBiTneHi KoHuenuii Ta npo6niemMu iNCTPYOTh, Y MepLIoOMy  Hab/MKEHHI,

CKMaaHiCTb 6ioreoLeHonoril.

3. bioreoueHosn, K enemMeHTapHi CTPYKTYPHO-(hYHKLIOHaNbHI oguHuLi 6iochepw,
cneundivyHO KonitokTb QYHKLIT XMBOT pevoBuHM 3a B. |. BepHaacbkum.

4. BioreoueHo3m € cKnagHUMu KibepHeTUYHMMK cucTemamu 3a |. |. LLiMansrayseHoMm
3 BaCTUBMMY TM MepeXkamu 38’A3KiB 6araTo3yMOB/IEHOr0 B3aEMOICHYBAHHS!, Pery/toBaHHs
Ta 3abe3neyeHHst aganTaLliidi, MikpoeBOMHOLLIAHWX SIBULLL i MPOLLECIB.
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QUANTITATIVE ASSESSMENT OF THE FUNCTIONAL CONNECTION
BETWEEN WATER CONTENT AND HYDROTHERMAL FACTORS
OF REPRESENTATIVES OF ACER L. GENERIC COMPLEXES INTRODUCED
INTO STEPPE ZONE

Abstract. The paper deals with the opportunities of using the analytical approach in order to solve
the task of quantitative assessment of the leaves’” water content dependence on temperature and amount of
precipitation by the example of ornamental tree and shrub plants — representatives of Acer L. generic
complexes introduced into Steppe Pridneprovye.

In the drought conditions of steppe zone, the urgent problem in growing of valuable tree and
shrub plants is the determination of the required amount of water for irrigation. This value depends on
the degree of hydrophily of one or another species and on weather conditions throughout the period of
vegetation, in particular, on the temperature conditions and amount of precipitation. As a criterion of
functional state of plants in the conditions of hydrothermal stress, index of total water content in
leaves is used in our work. At the same time, plants of various ecological groups feature the specific
level of water content in leaves in optimal conditions of moistening; the higher level is observed for
hydrophilic plants, and lower one for drought-resistant plants.

During the investigations long-term and deep droughts were observed in the vegetation period.
Data of average air temperature (t;) and amount of precipitation per ten-day periods (W;) were used
for our analysis. For the mathematical modeling of the effect of these factors on the value of water
content in leaves © the equation in the form of quadratic function has been developed which
described the existing relationship between the parameters studied LW /t; it also included the
ratios reflecting structural and functional peculiarities of plant species under study. Calculated
numerical values of a, b and L ratios quantitatively characterize the specificity of species’ response to
drought and agree well with the data on field resistance of studied species in the steppe zone.

Further studying of extreme point of the function i.e. value of the least amount of water
required for life-sustaining activity of various plants, was carried out through partial derivative of the
function f(W;t) on the temperature, equating it to zero. From the obtained equation

LW/t at bW have found the expression for calculation of the amount of water required to
maintain the minimal water content in leaves for ten-day period, sufficient for the normal life-
sustaining activity of plants, at the definite values of precipitation and temperature during the
vegetation period: Wy, = at?/ L.
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Therefore, criterion Wy, determines the low limit of homeostasis of plant tissues of the definite
plant species in various temperature conditions. High values of W, at optimal temperatures were
obtained for species with low resistance to drought such as A. trautvetteri (49,1 mm), A. ginnala
(47,2 mm). Low values of Wy, obtained for A. pseudoplatanus (11,4 mm), A. monspessulanum (17,4
mM) in the conditions of drought and excess temperatures, evidence resistance of these plants in the
steppe zone. In extreme temperature conditions, index W, reaches 80—-100 mm of moisture per ten-day
period in the species with the lowest resistance.

The offered criterion W, as an index of functional dependence of water content in leaves on
the temperature and amount of precipitation, can be used for predicting the resistance of plants and
determination of the required irrigation regime in specific weather conditions of the vegetation period.

Key words: moisture regime, drought resistance, hydrothermal factors, nonlinear regression,
mathematical modeling, introduced plants.
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JlHENponNeTPOBCKMIA HaLMOHabHbBIA YHBEpCUTeT UM. O. MoHuapa,
np. Marapuna, 72, r. AHenponeTpoBCK, YKpavHa, 49010,
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KONMMYECTBEHHAA OUEHKA BANAHUNA TMAPOTEPMNYECKUX
PAKTOPOB HA BOAHbIN OBMEH APEBECHbLIX PACTEHN POOA ACER L.
B YCNOBUAX CTEMHON 30HbI

AHHOTaUMs. PaccMOTpeHbl BO3MOXHOCTM MCMO/b30BaHUS aHAIUTMYECKOTO MoAXoaa B
peLeHN 3aia4M KOJIMYECTBEHHON OLLEHKY 3aBUCHMOCTM OBOAHEHHOCTU NIUCTLEB OT TEMMEPATypbl U
KO/IMYECTBA OCAJKOB Ha MPUMEPE WHTPOAYLMpOBaHHbIX B CTenHoe [MpugHenpoBbe [pPEBECHbIX
pacTeHuit poga Acer L. MonydeHbl 3HauYeHUs! MOKasaTenst Wy, — KOMMYECTBA OCAAKOB (MM),
Heo6X0AMMOr0 [ HOPMATLHOTO (DYHKLIMOHMPOBaHUS BUAOB APEBECHO-KYCTAPHWUKOBBLIX PAcTeHWI B
YC/IOBWSIX TEMMEPATYPHOrO PEXVMa BETeTaLMOHHOTO Nepuofa. YCTaHOB/EHA CBsI3b PAcCUMTaHHbIX
KpUTEPMEB C 3aCyXOYCTOMUMBOCTbIO PAcTEHWiA, UTO MO3BO/SET MPOrHO3MPOBATbL — peakLuio
WHTPOAYLEHTOB Ha CTPECCOBbIE YC/IOBYS MPOM3PacTaHus.

KntoueBble CnoBa: BOAHBIA PEXKWM, 3acyxoycTOWUYMBOCTb, MMAPOTEPMUUYECKUe (HaKTOpbI,
HeNMHeliHas perpeccusi, APeBECHbIe MHTPOAYLEHTbI, CTeNHas 30Ha.

YOK 581.57+58.087 I. O. 3aiiueBa 4-p 6ion. Hayk, npod.
M. M. INoBoOpOTHA
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np. Marapina, 72, M. IHinponeTPoBCbK, YKpaiHa, 49010,
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KIJTIbKICHA OUIHKA BIMJ/INBY IMNAPOTEPMIYHUX ®AKTOPIB
HA BOAHW OBEMIH JEPEBHUMX POCJ/INH POAY ACER L.
B YMOBAX CTEMOBOI 30HU

AHoTaLisl. PO3rNSHYTO MOX/IMBOCTI BUKOPUCTAHHA aHaMiTUYHOTO MiAX04y Y BUPILLEHHI 3aaay
KifIbKICHOT OL{iHKW 3a/Ie)KHOCTi OBOAHEHOCTI /INCTA Bif TemnepaTypuw i Cymu omagiB Ha npuknagi
iHTpoaykoBaHux y Ctenose MpuaHINPOB’A fepeBHUX poc/iuH pody Acer L. Po3pax0BaHO 3HaYeHHs
NoKasHNKa Weyerp, — KifIbKOCTI BOSIOTU (MM), HEOBXiAHOI [na HOPMasibHOro (YHKLiOHYBaHHA
OKpeMuX BWAIB [EPEeBHO-YarapHUKOBMX POCAUH B YMOBAX MEBHOr0 TEMMEPATYPHOro PeXumy
BereTauiiHoro nepiogy. BCcTaHOB/IEHO 3B°A30K PO3pax0oBaHUX KPUTEPIiB 3 MOCYXOCTIMKICTIO POC/IUH,
LL,0 ,03BO/IAIE MPOrHO3YBATN PeaKLito iHTPOAYLIEHTIB Ha CTPECOBI YMOBW 3pPOCTaHHS.

KntouoBi cnoBa: BOAHWIA PeXKUM, NOCYXOCTIAKICTb, FigpoTepMiuHi (hakTopy, HeniHiliHa
perpecisi, AepeBHi IHTPOAYLEHTK, CTenosa 30Ha.
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BCTYN

I"pYHTOBO-KMIMAT4HI YMOBU CTENOBOI 30HU MPW3BOAATL 40 (HOPMYBaHHS 0COBANBUX
3a CBOEIO CTPYKTYPOH Ta 6IiOEKONOril POCAMHHMX YrpynoBaHb, cepes SKUX MepeBaxaroTb
KCEPOiNbHI  TPaB’AHWUCTI  poc/mMHK.  JlicoBa POCAMHHICTL  3HAXOAUTLCA Y  MEBHil
reorpadiyHiii  HeBiANOBIAHOCTI [0 EKOMOriYHWX YMOB TWMOBMX [/ CTEMOBOI 30HM
NNaKOPHMX MiCLe3pOCTaHb, KPIM OKPeMMX IHTPa3OHa/IbHUX edadoToniB  3i  CBOIMM
MiKpoKniMaTUYHUMK | egadiyHumMmn ocobnmsocTamn (Belgard, 1950). CTBOPEHHS LUTYHYHUX
[IEPEBHNX HacamkKeHb Y CTEMOBii 30HI CTUKAETLCS 3 MEBHUMM CKMIAAHOCTAMMU, CEepeq AKMX
BUAINAETLCS NPoBiema HalibifibLL ONTUManbHOro BUAOBOMO i hOPMOBOrO CKMaay AEPeBHMX i
yarapHWKOBMX MOPIA, NOrnMBeHOro BUBYEHHS GIONOMYHMX Ta eKOMOTIYHNX BAACTUBOCTEN
POC/VH, B3aEMOBM/IMBY abBiOTUYHMX Ta (HITOLEHOTMYHMX (DAKTOPIB Ha CTilKiCTb POC/IWH
(Visotski, 1983).

3 METOH CTBOPEHHS LOBrOBIYHMX i NPOAYKTUBHUX LUTYYHUX HACA[XKEHb Y CTEMOBIi
30Hi, OKpiM abopuUreHHNX BWAIB 3a/yyaloTbCA AeAKi IHTPOAYKOBaHi Mopoau 3 iHWMKX
NPUPOLHUX apeanis, AKi 3a CBOIMU E€KOMOMiYHUMMK BMMOraMy He 3aBXAW BifNOBIfAOTb
rPYHTOBO-KNiMaTUYHUM YMOBaM paitoHy iHTpoaykuii (Lo Gullo et al., 2003; Rossi L. et al.,
2013). Y BefMKUX LWITYYHWUX JiCOBMX MacuBax Mopsas 3 MiCLeBMMU nopofamu
BMKOPMCTOBYIOTbCS 11 IHTPOAYyKOBaHi, Taki sk Robinia pseudoacacia L., Caragana
arborescens Lam., Fraxinus lanceolata Borkh., Gleditsia triacanthos L., Juniperus
virginiana L., Pinus pallasiana D.Don. BaxnuBy posib B TaKUX HacafKeHHAX BigirpatoTb
BUAMN KNEHIB, cepef SKMX Hainbinbw nowmpeHi A. platanoides L., A. pseudoplatanus L.,
A. campestre L., A. tataricum L. Pig Acer L. xapaKTepu3yeTbCs BE/IMKUM BWUAOBUM i
(hOpMOBMM PI3HOMAHITTSIM Ta LUMPOKOK ekonorivHoto amnnitygoto (Kohno, 1968, 1982),
npoTe 6iNblIiCTb KNEHIB y pailoHax MpUPOAHOrO 3POCTaHHA MPUYPOYEHi [0 YMOB
MOMIpHOro Ta AOCWTb BOSIOrOro KiMaTy, TO6TO MatoTb Me30()iTHI BAAaCTMBOCTI, i B paioHi
iHTPOAYKLUIT XapaKTepM3yrTbCA Pi3HUM CTyMeHeM MOCYXOCTIKocTi (Zaitseva, 2004). Tomy
HeobOXiHe BU3HAYEHHS MEPCNEKTUBHOCTI 3anyyeHHA B KynbTypy B YyMOBax CTeny
[epeBHMX Nopig 3 BiAMOBiAHUM eKOMOT iIYHUM NOTEHLia1oM.

Y 3B’A3Ky 3 LM BaX/IMBOTr0 3HA4EHHS Yy CTEMOBIli 30HI HabyBae NMpobsieMa BUBYEHHS
MOCYXOCTIKOCTI POCAMH, WO € BUAOCMELMNGIYHO BAACTUBICTIO, a TaKOX MOXXMBOCTEN
MPOrHO3YBaHHA CTaHy POC/MH 3a MEBHUX TeMMEPaTyPHUX YMOB i 3BOSIOKEHHS. K 3a3HaYae
O. J1. benbrapgd, BOAHUIA | TEPMIYHWIA PEXXMM LEPEBHMX | YarapHWKOBUX MOPIg Y cTeny €
NPOBIAHMM MMTaHHSAM cepefd isionoriyHMX npobnem CTenoBoro nicosHascTa (Belgard,
1971), y 3B’513Ky 3 UMM O4YEBWAHA aKTya/lbHICTb BUBYEHHS CTIAKOCTI Ta afanTallii AepeBHUX
POCAVH [0 HECMPUATAMBUX TiPOTEPMIYHMX YMOB CTEMOBOI 30HM.

AKTyanbHOK Npo6/eMOKD CTIKOCTI POCAMH KyNbTyp®iTOLEHO3IB Y CTEroBiil 30Hi
YKpaiHn € HeoOXifHICTb [OCTaTHLOro A1 XUTTELIANBHOCTI POCAUH BOAOMOCTaYaHHS. Lis
Be/IMYMHA BU3HAYAETHCA CTYNEHEM BOIOr0/IF0GHOCTI POC/IMH Ta NOrOAHUMM YMOBaMK Mif, Yac
Beretauii. TOMy NPOrHOCTUYHI OLiHKM HeoOXifHOI KiNbKOCTi BOMOMM B 3a/€XHOCTI Bif
TeMnepaTypu i YMOB 3BOJIOXKEHHSI BEreTauiiiHOro nepiogy € BaX/IMBOK CK/Taf0BO
NIATPUMaHHA  KUTTE3JATHOCTI  POCAMH Yy MOCYWMBMX  YMOBax. $K  KpuTepili
(DYHKUIOHA/IbHOTO  CTaHy POCAMH 338 YMOB TipOTEPMIYHOrO CTpecy MoXe 6yTu
BVKOPWCTaHWMIA MOKa3HWK OBOAHEHOCTI TKaHWH ncTA. baratbma gocnigHukamu 3arasibHa
OBO/JHEHICTb TKaHWH BUKOPUCTOBYETHCS SIK BXKAMBMIA MOKA3HWK BOAOOOMIHY, 3 SKUM
noB’3aHi iHWI isionoriyHi npouecn Ta OGioxiMiyHi peakuil PocAMHHMX KniTuH (Diaz-
Barradas et al., 2010; Gieger T. et al, 2002). Bigomo (Genkel, 1982; Shmatko et al, 1989),
L0 LI NOKa3HUK A0CUTb NabiflbHWIA | Bapiloe Y LUMPOKUX MeXax B 3a/1eXHOCTi Bif, YMOB
BO/I0ro3abesneyeHocTi, OCBITNIEHHSA, TEMNepaTypyu TOro CepefoBULLA, fKe (OPMYETbCH Y
MiCLji 3pOCTaHHS poC/MHW. B TOl e Yac, 32 ONTUManbHOro BOMOro3abe3neyeHHs Ans pisHMX
3a eKOMOriYHUMM BNACTUBOCTAMM POCAMH MPUTaMaHHWIA CBiil NeBHUIA PiBEHb OBOAHEHOCTI,
LU0 3a6e3reyye roMeocTas POC/IMHHOTO OpraHismy.

MeToto po60TM 6yNn0 BM3HAYEHHA HaibinbLl NEePCNeKTUBHUX IHTPOAYLIEHTIB poay
Acer L., OLiHKa BM/MBY TiipOTePMiYHMX (haKTOPIB HA CTaH OBOAHEHOCTI TKAHUH Ta po3pobka
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METOAMKM KiNbKICHOr0 MPOrHo3y noTpebn y Bofi BUAIB K/EHIB, SIKi PI3HATLCS 3a CTIMKICTHO 10
BoAHoOro crtpecy. OcobMBOI akTyaibHOCTi HabyBarOTb Taki JOCHIIKEHHS Y paiioHax CTenoBoi
30HW Y'KpaiHW 3 NOCYLUNMBUMM, YaCTO CTPECOBMMM YMOBaMMU Mif vac BereTauii.

MATEPIAIV TA METOAW AOCIOXXEHb

O6’ekTamy  focnifpkeHb 6ynu aes’sTb BuAiB pogy Acer L., iHTpoayKoBaHUX Yy
6oTaHiyHOMY cafly [HiNpOneTpoBCLKOro HaLioHaNbHOIO YyHiBepcuTeTy iM. Onecs
loHuapa. [JocnigpkyBaHi BMAM Hanexarb A0 cekuiin Platanoidea Pax (A. platanoides L.,
A. campestre L.), Gemmata Pojark. (A.pseudoplatanus L.), Trilobata Pojark. (A. ginnala Maxim.,
A. semenovii Rgl. et Herd., A. tataricum L.), Goniocarpa Pojark. (A. monspessulanum L.),
Rubra Pax. (A. saccharinum L.), Negundo (Boehm.) Pax (A. negundo L.), noxogatb i3 pisHWX
6oTaHiko-reorpaiuHnX 0bMacTeil i XapakTepu3yroTbCA Pi3HWM CTyneHeM CTIKOCTi [0
nocyLwwnmseux ymos Ctenosoro MNpuaHinpos’s.

BMICT BOAM Y TKaHWHaX IUCTS BU3HAYa/IN 3a 3ara/ibHOMPUIAHATM METOAOM B AMHAMILL
MpOTAroM BereTauinHoro nepiogy. MNpobw Bigbupany noaekagHo, 3 TPaBHS MO BEPECEHb.
JocnifHi pocnvHM Ha cekTopax 60TaHIYHOrO cagy 3HaxXOAWIUCA B YMOBaxX NPUPOSHOro
BOZOMOCTa4aHHs i He nonmBanmcs. MonboBy OLiHKY CTYMeHs NOCYXOCTIiAKOCTI NpoBOAWN
METOLOM Bi3ya/lbHUX CMOCTEPEXEHb 3a 5-6abHO0 LLKa/IO, BUKOPUCTOBYHOUM OpPUTiHASbHI
po3pobKM aBTOpa AN1a AaHuUx 06’ekTiB (Zaitseva, 2007). OBCTEXEHHA NPOBOAWAM Tpudi, 3
JMMHSA MO BepeceHb, NO Mipi PO3BWTKY [NNGOKOI TpMBanoi Mocyxu. BpaxoByBaim Taki
MOKa3HUKY, AK CTYMiHb TYPrecLeHTHOCTI ICTA, HasABHICTb OMiKiB Ta HEKPO3iB, MOXOBTIHHSA i
BUCKXAHHS NIMCTA, 3MEHLLEHHS IMCTKOBOT NOBEPXHI (NITHIA nucTonag).

MorogHi ymOBM  BeretauiiHoro mepiogy  XapakTepusyBaauci  NiABULLEHOHO
HaMpPY)KEHICTHO rigpoTepMivHUX (haKTopiB — CepeAHbOMICAYHI TemnepaTypy nepeBmLLyBaIn
6araTopiyHi gaHi y TpasHi i cepnHi Ha 2,2 °C, BepecHi — Ha 2,5 °C, a cyma onagis NpoTarom
BCIET BereTauil, 3a BUHATKOM YepBHS, Oyna 3Ha4HO HMXKYOHD 3a HOPMY | CTaHOBWUNA Y KBITHI,
TpaBHi, nMnHI Ta cepnHi 53, 33, 97 i 87 BIACOTKIB [0 HOPMW. Y BepecHi onagn 6ynu
npakTMyHo BiacyTHi (0,7 MM 3a Micsiub). BnpoaoBx BereTauiiiHoro nepiogy, y TpaBHi Ta
CeprHi, crnocTepiranica fga nepiogn rnAMooKoi TpWBanol MOCYXM, SKi MpeAcTaBfieHi Ha
Knimatorpami (puc. 1).

L

-10 —

CepepgHa TenMIIepaTypa Cvmia onamis =3 MiCcHITh, MM
za micae.” C

—&—— thaxTIreEa ——— thaxTirEa
- - - - - HOpMEa ---%--- HOpMA

Puc. 1. KnimaTorpama norofH1X yMoB y nepiof A0C/IipKeHb
[N MaTeMaTWYHOro aHanisy BUKOPWUCTOBYBa/IM AaHi MO [ekafaM, siki nepeaysanut

KOXXHOMY Bifj6opy Npob — cepefHto Temnepatypy NoBiTps (t;) Ta KifbKicTb onagis 3a Aekagy
(W;) (tabn. 1).
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Tabmmus 1
KnimaTu4Hi NoKasHUKM 3a nepiog AoCiDKEHb

Temnepartypa , °C Cyma onagis, Mm
Micsub Jekafa 3a dekana 3a
1 2 3 MicsiLb 1 2 3 MicsiLb
KBITEHb 81 13,0 116 10.9 0.0 192 12 204
7,7 9,0 11,6 9,4 10 15 13 38
TpaseHs 135 17,0 241 18,2 148 05 01 154
14,2 16,6 17,3 16,0 13 17 16 46
YepBeHb 18,6 17,9 17,5 18,0 290 | 661 8.8 1039
19,1 19,1 20,6 19,6 14 27 18 5
AEHb 193 214 23,6 214 36.9 64 114 4.7
20,8 21,7 21,3 21,3 21 17 18 56
ceprieHs 248 221 215 22,8 01 27,6 4.6 323
21,6 20,9 19,3 20,6 9,0 13,0 15,0 37
BepeCeHs 17,9 191 16.6 17.8 0.0 07 0.0 07
17,6 15,2 13,0 153 15 10 12 37

MpyMITKa: Y UnMcenbHUKY — (haKTUYHI 3HAYeHHs cepeiHbOAEKaAHOT TEMNepaTypy Ta CyMu onagis 3a
feKagay; Y 3HaMeHHUKY — cepefjHbobaraTopiyHi gaHi (Hopma).

PE3Y/NIbTATW TA IX OBIFrOBOPEHHSA

AHani3 npouecy iHTpoAyKUil KfeHiB y 6oTaHiuHOMy cagy AHY nokasas (Zaitseva,
Dolgova, 2010), L0 Ha no4aTKy hopMyBaHHS [eHAPONOTiYHOT KONMEKLIT, ¥ cepeauHi MUHYNOro
cTopivys, B KoseKuil HapaxoBysasiocs 15 BugiB i 5 hopM KneHis. Bigbysanocs nocTyrnose
3MEHLLEHHS KIifIbKOCTI €K3eMMAspiB | TakKCOHIB. HaliMeHL! CTiKuMKU BUSIBUANCA BUAW
A. betulifolium Max., A. mono L., A. palmatum Thunb., A. rubrum L., A. saccharum March., ski
6ynmn BucamkeHi B 3-5 ek3. (A. rubrum — 11 ek3.) i BUNanm 3 Kosekuii Bnpogosx 20-25-Tun
poKiB nicnst nocaaku. HU3bKy CTilAKICTb B paiioHi iHTpoAyKLii nokasanm Takox A. ginnala Max.
i A. trautvetteri Medw., KifbKiCTb eK3eMN/ISPIB KX 3MeHLLMMAcs B 5 pasiB y nepLunii nepiog,
Ky/NbTWBYBaHHS i CTaHOBWMA BiAnoBigHo 5 i 1 ek3. KinbkicTb ek3emnnsapis A. ginnala Hagani
3HWKYETBLCSA, | Ha TemepiLLHilA Yac i3 CTapux NOCafoK 36epiraiocs Tilbky N0 OAHOMY AepeBy
A. ginnala i A. trautvetteri, |0 CBIYMTbL MPO HEAOCTATHIO 1X CTINKICTb B palioHi iHTPOAYKLI.

MpupofHi apeann ycix UMX BUAIB 3HAXOLATLCA B PerioHax 3 NigBWLLEHOD BOMOTICTIO
KnimaTy — KoehiLlieHT 3BONIOXEHOCTI B AMNOHIT cTaHOBUTHL 5,8-6,3, Ha Janekomy Cxopgi — 3,8—
4,1, Ha Kaskasi — 3,5-4,8, B ATnaHTU4YHOMY perioHi MiBHiuHOT Amepukn — 1,015, wo
MOMITHO nepeBuLye Ueli nokasHWK ana Ctenosoro [MpuaHinpos’s (0,8). MiHiMasbHi
TemMnepatypu B OKpeMMX paiioHax MpUPOAHOrO 3pOCTaHHS HaliMeHLl CTiiKUX BUAiB
[IOPiBHIOKOTb 260 MepeBULLYHOTb Lield NokasHuK Ans Ctenosoro MpuaHinpos’s. Hessaxatoun
Ha Te, WO KMeHW 3 LWX PaiioHIiB NPUCTOCOBaHI A0 HU3bKUX 3MMOBMX TEMMNEPATyp, BOHM
nokasany He3afloBiNbHUIA pe3ynbTaT MNpu iHTPOAYKLUiT. ManocTiikumn BUSBAAMCS | BCi
[leKopaTMBHI (DOPMM KNeHIB 3 ATNaHTUYHOTO perioHy MiBHIYHOT AMepUKM.

3HWKEHHS! KifTbKOCTi eK3eMN/IspiB cepe3eMHOMOPCHLKOIo Brdy A. monspessulanum, cepes-
HbOa3iaTCbKOro Buay A. semenovii Ta ganekocxigHoro sugy A. ginnala Moxxe 6yTu Hacnifkom
HECMPWAT/IMBOrO PO3TalLyBaHHS B LLISILHAX Haca[pKeHHSAX Y 3aTiHKy Ha CekTopax AeHapapito
60TaHIYHOrO Cafly, TaK K Lii BUAY Ha BiAMIHY Bif IHLUMX BULIB POAY SBNAOTLCSA CBITNIONOOHUMU.

3a OCTaHHI pOKM MOBTOPHO iHTpodykoBaHi A. mono i A. palmatum. Konekuis
MoroBHWIaca HoBUMW BuamMu KieHis: A, laetum C.A.Mey., A. velutinum Bois. i
A. ibericum Bieb. (KaBka3) A. mandshuricum Maxim. (Qaneknii Cxia), A. cissifolium
K. Koch. (AnoHis), A. hersii Rehd. (LeHTp. KuTaii), fKi MOXyTb OyTW HefOCTaTHbO
cTiikummn 'y Ctenosomy [MpuaHINPOB’i, 3BaXalOuM Ha pe3ynbTaTu aHanisy AUMHamiku
cKnagy Konekuii poay Acer L. B 6oTaHiuHomy cagy AHY.

TakK1uM YMHOM, NonepefHi OLiHKM €KOMIONiYHOro NOoTeHLiany BMAIB, WO 3a/1yyatoThes
B KOMEKLi0, 3a KpUTepiamMu 6OTaHiKo-reorpaivyHoOro nOXOMKeHHA Ta eKOKIiMaTU4YHOT
BiZNOBIAHOCTI, [Jal0Tb BaXIUBY iH(OPMaLil0 LWOAO MNPOrHO3yBaHHA  YCMiLLUHOCTI

ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 1-2 29



IHTPOAYKUiiHNX BUNPO6OYBaHb BMAIB pody Acer L. B NOCYLUNMBMX YMOBaX CTEMOBOT 30HM,
npoTe ABMAOTLCA HEAOCTATHIMM /11 TOUHOIO KisIbKICHOrO MPOrHO3Yy CTaHy POCAVH nNpu Ail
NeBHMX TiApOTEPMiYHMX (haKTOPIB BereTaliiiHOro nepiody B JaHOMy paioHi iHTpoayKLii. 3
€0 METOK HaMW 3arnporoHOBaHO MaTeEMaTWYHY MOJENb, fKa OMUCYe B3aEMO3B’A30K
OBOJHEHOCTI TKAHWH /IUCTA Ta MOrofHWX (hakTopiB TemnepaTypyu i 3BOSMIOXEHOCTI, i
6a3yeTbCsl Ha EKCMEPUMEHTAIbHUX AaHUX AWHaMIKM  BMICTY BOAM Y  JINCTKaX
[OCNIDKYBaHMX BUAIB BNPOAOBX BEreTaliiiHoro nepiogy.

MocTaBneHe 3aBAaHHA YCKMAAHHOETLCA TWUM, LU0 3HAYEHHS TemmnepaTypy MoBiTps
(t, °C) i kinbkocTi onagis (W, MM) nif yac cnocTepeXXeHb B yMOBaxX MOMbOBOrO AoOCNigy
3MiHIOBaNNCS BUNaaKoBo. Lli 06cTaBMHM 06MEXYHOTb 3aCTOCYBaHHS 3BUYaHUX eMMIPUKO-
CTaTUCTUYHUX METOLIB ANA OUiHKM BhamBy t i W BHacMifgoK Takmx MPUYMH, SK pisHa
CNPAMOBAHICTb BM/IMBY OAHOIO 3 (JakTOpiB Ha KOeiLiEHT KOpenauii 3 iHWUM (hakTopoMm;
HEMOX/MBICTb  MPOBEAEHHA  [ABOX()AKTOPHOTO  EKCMEPUMEHTY Y  KOHTPO/IbOBAHUX
MOZEe/bHMX Aoc/ifax 3 [epeBHO-YarapHMKOBUMMU POC/IMHAMM; HEOLHO3HAYHICTb pilleHb
npy PerpeciiHoMy aHanisi, AN 4oro BMHWMKAE HeobXiAHICTb rpadiyHOi iHTepnpeTauil
(OYHKUiT ABOX 3MIHHUX Y TPLOXMiIPHOMY MPOCTOPI.

Y 3B’A3KY 3 UMM Halibifbll JOUINbHUM BUABASETLCA THLIWIA LINAX BUPILLEHHS 3adavi,
KU BUKOPWCTOBYETLCA B MaTeMaTU4HOMY aHanisi 6iocuctem (Kutlakhmedov, 1985) —
€BPICTUYHO PO3pO6UTY PIBHAHHA, fike Oyde BifO6paXkaTW ICHYHOUWIA B3aEMO3B’A30K
BMBYaEMMX MapameTpiB. [MOWYK Takoro pilleHHs, Woro peanisauis i 3iCTaBMeHHS
OTPUMaHKX Pe3ynbTaTiB 3 MOKa3HMKaMU CTIKOCTI POC/IVH NPeACTaB/eHi B faHiin poboTi.

OBOJHEHICTb /INCTA  BW3HAYAETLCA TONOBHUMM  (DAKTOPAMU: EK30TeHHUMK —
Temnepatypoto nosiTps t i KifbKicTiO onagis W Ta eHAOTeHHUMU — CTPYKTYpPHO-
(hYHKLiOHa/IbHUMKX 0COBGMMBOCTAMM NIUCTKA B OHTOreHesi. dyHKLiOHaNbHUIA 3B’A30K MiXK
OBOZHEHICTIO TKaHWH © Ta LMK (hakTopamm MoXXe 6yTV NpeAcTaBNeHNA 3a aHaIorieto [0
PIBHAHHA CTaHy And ra3is P RT/V , AK (YHKLIA ABOX 3MIHHUX:

f(t; W) @

LW /t, )
he © — oBOAHeHIiCTb fmcTa, %, fika nponopuiiHa W i obepHeHo npomopuiiiHa t; W —
KifbKIiCTb onagis, MM; t — TemnepaTypa noBiTps, °C; L — koeilieHT NponopLiiiHOCTI.

[nsa 6inbll TOYHOrO OMUCAHHS peanbHOro CTaHy OBOAHEHOCTI TKaHWH, HeobXigHo
BBECTV KoeilieHTW, #Ki BigobpaxaloTb 6ionorivyHi - (CTPYKTYPHO-(PYHKLiIOHa/bHI)
0C06MMBOCTI  JOCNIAKYBaHUX BUAIB POCAUH, BUKOPUCTOBYKOUM ANS LbOFO aHaiorito
MOMpPaBoK i AOMOBHEHb Y PiBHAHHI BaH-gep-Baasibca MO BigHOLIEHHHO [0 BWXIAHOrO
PiBHSIHHA CTaHy rasis. B pe3ynbTarti 3 piBHAHHA (2) OTPUMYEMO:

LW/t at bW . 3)

KoediuieHT a Bigbmeae crneundiyHi Ans KOXHOro BUAY CTPYKTYPHO-(i3ionorivHi
0C06/MBOCTI, AKi NleXKaTb B OCHOBI MexaHi3MiB ajanTauii [0 BOLHO-TeMMepaTypHOro
CTpecy, i NPoABNAIOTLCA Y 03HAKAX KCEPOMOP(HOCTI NNCTS, IHTEHCMBHOCTI TpaHcnipauil,
CTYNEHIO >KapOoCTIMKOCTI NINCTH, IHTEHCUBHOCTI NlaHOK MeTaboni3My, KoMnapTMeHTaLii
BOAM Y KNiTUHAX, OCMOTUYHMX BNACTUBOCTEl NPOTONMacTy KniTuH. KoegilieHT a nepw 3a
BCE MOB’A3aHWIA 3 TeMnepaTypHUM (DaKTOPOM i 34iCHIOE HalibiNbL NOMITHWIA BNAMB Ha
BE/IMYMHY OBOAHEHOCTI TKaHWH, LLO BifJ0OpaXKaeTbea Y BUMNAAI 40OYTKY at y piBHSHHI (3).

KoediuieHT b BigbuBae Ti MexaHi3MU CTPYKTYPHO-(hYHKLiOHabHOT OpraHi3awii
TKaHWH, AKi 3a6e3ne4yroTb MEeBHWIA, HaWbIbL ONTUMANTBHWIA ANA KOXHOrO BUAY PiBEHb
OBOJHEHOCTI 3a YMOB JOCTaTHLOr0 abo HaBiTb HAA/MLLIKOBOrO BOAOMNOCTaYaHHs. B sikocTi
TaKUX MeXaHi3MiB MOXXHa, HanpuKnag, posrnafatv 06MeXKeHHs LIBMAKOrO anoniacTHoOro
pajiasibHOro TpaHCMopTy BOAW Mosickamn Kacnapi Ha piBHI eHA0AepMW KOpeHs, abo
PEerynioBaHHS  EHeprosaieXHUX npouecis  (POPMyBaHHA OCMOTUYHOIO TrpajieHTy vy
TKaHWHax i opraHax pocnuH. KoediuieHT b noB’s3aHnil nepeBakHO 3 onajamu i MeHLLO
MIpOK0 BMNAMBAaE Ha BEIMYMHY OBOAHEHOCTI, MOPIBHAHO 3 KoedilieHTOM a, Lo
BiZ0GPaXKaETLCA Y BUrAgi 406YTKY bvVW 3 BiZ’€MHUM 3HaKOM.
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Micnsa nepeTBOpPeHb OTPMMYEMO KBaApaTUYHY (YHKLLit0
t at’ bt 4)
wooow w |
L0 aHANOriuHa PIBHSHHIO y, ax? bx, L. (®)
TakuMm YMHOM, 3aNeXHICTb 3MiHHMX t, W i © MOXHa BWPasUTM Yy BUINAgi
KBaAPaTUYHOT (OYHKLIT y3arasbHeHUX 3MiHHUX — Y, [0 AKOT BK/OYeHi t, W, ©, Ta 3MiHHOT
Xi, OO SIKOT BKMtOYeHi t, W:

L

X till/z " Yi ik (6)
Wi Wi

BVKOpPUCTOBYIOUN eKCMepUMEHTabHI faHi 3 OBOAHEHOCTI NUCTA ©; MO0 KOXHOMY
BiA60OPY NP06, po3paxoByBan y3arajlbHeHi 3MiHHI Y; 1 X; . OTpUManu napHi 3Ha4YeHHs Y; 1
Xj AN KOXHOro Buay, BiAMNOBIiAHO 4O KinbKoCTi Bigbopis npo6. PosTtawyBaBwimn ix y
NopALKY 3pOCTaHHA 3HaYeHb X;, OTPUMaN KpWBI, AKi J0Bpe ONUCYrTLCA KBALPATUYHOI
3aN1eXHICTIO.  KpuBi  anpokcuMyBann  KBaapaTUuHOK  (yHKuiero (R°=0,92-1,00). B
pe3ynbTaTi anpokcumaLii oTpMManu YMcnoBi 3HaYeHHA KoedilieHTiB @, b Ta L (Tabn. 2).
Oco06511BO cnif BIAMITATH, WO A4S BCIX AOCNIAKYBaHUX BUAIB Oynu OTpMMaHi Bif’eMHI
3HaYeHHs KoeiLieHTa b, L0 NigTBEPIKYE Hallle NPUNYLLEHHS NPO MEXaHi3M/ 06MeXeHHS
HaXOMKEHHS BOAN NPU Ha/IMLLKOBOMY 3BOJIOXKEHHI.

Tabnuua 2
3HaueHHA Wecrp. MPY PIHKX TEMMepaTypax Ta CTyrMiHb MOCYXOCTIMKOCTI POC/IMH KNeHiB

KoedpiuieHTn kBagpaTuyHoi
pg;pl)-"eci'l' y3ar;f'1u|;pHeHV|x Wer. Mocyxo-
Bug MIHHAX Vi | X; MM 32 fiekagy CTIlKiCTb,
L a b t=196°C | t=248°C |
A. platanoides 0,3661 0,0354 -0,124 37,1 59,4 4
A. pseudoplatanus 1,8482 0,0548 -0,511 11,3 18,2 5
A. campestre 0,6686 0,0382 -0,184 21,9 35,1 5
A. tataricum 0,4128 0,0330 -0,128 30,7 49,1 5
A. semenovii 0,6230 0,0393 -0,195 24,2 38,8 5
A. ginnala 0,2937 0,0361 -0,0981 47,2 75,6 3
A. monspessulanum | 0,9900 0,0449 -0,279 17,4 27,9 5
A. trautvetteri 0,3379 0,0432 -0,125 49,1 78,6 3
A. saccharinum 0,4662 0,0340 -0,117 28,0 44,8 4
A. negundo 1,3887 0,0517 -0,3689 14,3 22,9 5

KoedgijieHTn a, b Ta L KifbKiCHO XapakTepu3ytoTb BUAOBY CNeLUdiYHICTb peakuii
POC/MH Ha MOCYyXy, LU0 Aae MOXJMBICTb MPOBECTW MOPIBHANbHWIA aHanis afanTUBHMX
B/TACTMBOCTE POCMMH, PI3HWX 3a CTIWKICTIO A0 BOAHO-TEPMIYHOrO cTpecy. B uinomy
KoeqiLieHTV f106pe Y3rompKyroThea 3 pe3ynbTatamy NPOBeeHUX Hamy paHille AOCNiIKeHb 3
OLiHK1 BOAOOBMIHHMX MPOLECIB Ta CTIMKOCTI pociuH (Zaitseva, 2004, 2006, 2006a). byno
npoBefeHe NojasbLue BUBYEHHS OTPUMAHOT (DYHKLiOHANBbHOT 3a/1eKHOCTI, a caMe BUBYa/INCS
TOYKM EKCTPeMYMY (DYHKLIii, TOOBTO BEIMYMHN HANMEHLLOT OBOAHEHOCTI, AOCTaTHLOI Ans
HOpPMasIbHOrO (hYHKLIOHYBaHHS! TOFO UM iHLLOrO BUAY POCAvHW. TMpun iKcoBaHi BeNNUMHI
W 0BOAHEHICTb TKaHWH [OCArae CBOro MiHiMyMy Y TOUL texerp.

JOCnifXXeHHA TOUKN eKCTeMYMY MPOBOAWAW 3 BUKOPUCTAHHAM PiBHAHHA (4) yepes

4acTHy MOXigHy (YHKLIT f(W:;t) no Temnepatypi. MoxigHy NpUPiBHIOBAIN HYyIIO,
OCKIfIbKW NOXiAHY 6epemMo y ToULi MiHIMYMY:

LW 7

— a 0 O

t t?
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3a piBHAHHAM (7) MOXKHa po3paxyBaTh 3HaYeHHs! KifbKOCTi onagiB, HeobXxigHe Ans
NigTPUMaHHA MiHIMyMY OBOAHEHOCTI A5l HOPMAa/IbHOI YXUTTELISNALHOCTI POCAUHK, NpU
MeBHOMY 3HauYeHHi TemnepaTypy NOBITPS Mif Yac BereTawii:
at?
Wt ®

KCTP L

PiBHsHHSA (8) NoB’A3ye Mi>k CO60I0 HesanexHi aMmiHHI W i t uepes koedoilieHTn a i L. Lleid
3B’A30K TAKOX MOXKHA BMPa3UTU Yepe3 KOMOIHaL|it0 KoediLieHTiB, BKOUaoUM KoediLlieHT b i
BYKOPUCTOBYIOUM KBafpaTUuHy 3anexHictb (5). Ane B [aHOMY aHanisi Mu 06Mexyemcs
PIBHAHHSAM (8), sIke MOXKHa TPaKTyBaTU K MiHiMa/IbHY KifbKICTb ONagis, MOTPIGHyY POCUHI ANs
HOPMaNbHOrO (PYHKLiOHYBaHHSA (6e3 Heo6XIAHOCTI BK/OUEHHS aKTVBHOTO EHEPro3aneXxHoro
TPaHCMopTy BOAW) 32 YMOB MEBHOr0 TEMMEPATYPHOTO PEXVMY B Mepiog, BereTawii.

TakuMm  uMHOM, KpUTEPIN  Weerp, BM3HAYAE  HUXKHIO  MeXY rOMeocTasy
(OYHKLIOHYBaHHSA POCIMHHMX TKaHWH Yy TUX 4YM iHWKX TemmepaTypHMX ymoBax. Hukui
3Ha4eHHA Weyerp. CBiYaTb MPO Binblly CTIAKICTb POCANHM [0 MOCYXM, 0COB/MBO 33 YMOB
BMCOKMX Temnepartyp. Pe3ynbTaTi po3paxyHKy NMokasHUKa Werp, HaBefieHi y Tabnuui 2.

Sk 3agaHWin napameTp Oyn0 BMKOPUCTaHO [ABa CepefHbOAEKaAHMUX 3HAYEHHS
TemnepaTypu — 3a Mepwy fekagy NUNHA 3 MOMIPHUMM, [ELO HWKYMMK 328 HOpMY
TemnepaTypamu, Ta 3a MepLuy Aekady CeprHsa 3 Halibifbll BUCOKMMMW TemnepaTypamu 3a
Ce30H. Y nepwomy Bunagky, npy t = 19,6 °C, cknafatoTbCsA CNPUATAMBI 4/18 POC/UH
TemnepaTtypHi yMOBK, y Apyromy Bunagky, npu t = 24,8 °C, Aka nepesuLLyE HOPMY Ha
3,2 °C, TemnepaTypHUiA (hakTop Mae CTPECOBWIA ANA POCAMH XapakTep. Takum e YMHOM
OLiHIOBa/IN  CTPECOBWIA  XapaKTep TeMMepaTypHOro Pexumy Yy M0Ib0BOMY [AOCHifi
I.T. WwvaTbko Ta iH. (Shmatko, 1989), konn Temnepatypa nig Yac SOCNIMKEHb Y TPaBHI i
UepBHI NepeBuLLyBana cepegHbobaraTopiyHy HopMy Ha 2-3 °C, W0 CcyTTeBO BifbuBanocs
Ha PO3BUTKY 3ePHOBUX KYNLTYP.

MpeacTaBneHi y Tabn. 2 faHi NOKasyoTb, WO Y BCiX BUAIB, HE3aMEXHO Bif CTYMEHIO
CTIlAKOCTI, 6iNbLUOKD YM MEHLLIOK MipOK MiABMWLLYETLCA MOTPeda y BOAOMOCTaYaHHI Ans
3a0e3MeYeHHsI  HWKHLOI MEXi HOPMaibHOr0  (PYHKUIOHYBaHHS 3a YMOB  BMCOKOI
Temnepatypu.  MMoKasHUK Weyrp, PO3PaxoBaHUA Yy TouLi eKcTpeMyma  (yHKLUT,
Hai6inbLL MOBHO PO3KPUBAE afanTMBHI MOX/IMBOCTI AOCAIAXKYBaHMX BMAIB. Taki 0TpuMaHi
aHaNiTMYHUM LUNSXOM OLiHKM 36iratoTbCA 3 KOMMIEKCHUMU OLiHKaMK MOCYXOCTIMKOCTI
pocnuH, fKi 6ynuM OTpMMaHi HaMW 3 BUKOPUCTAHHAM (hi3ionoro-6ioxiMiyHUX MeTofiB
(Zaitseva, 2006a) i LWIAXOM BizyasbHUX CMOCTEPEXeEHD (Zaitseva, 2007).

3a onTuManbHOI TemmepaTypu Haibinblwa KinbKicTb onagis HeobXigHa Takum
Ma/I0CTIiKUM Bugam, K A. trautvetteri (49,1 mm), A. ginnala (47,2 mm). Hesenuka
KiNIbKICTb BOMIOMM AOCTaTHA ANs 6inbLU NOCYXOCTinKnx Bugis A. pseudoplatanus (11,3 mm),
A. monspessulanum (17,4 Mm). 3a eKCTpeMaslbHUX TeMMepaTypPHUX YMOB Halibifbll CYTTEBO
36inbLUYETbCS MOTPeba y BO/03abe3rneyeHHi ManonocyxocTiikux BWUAIB — Hanpuknag, y
A.trautvetteri NoKasHUK Weyerp focArae 78,6 mm, A. ginnala — 75,6 MM. Y nocyxoCTilKux
BUAIB 3HAUEHHA Weerp, NIABULLYIOTLCA HE BiflbLUe HiXK Ha 8—10 MMm.

BNCHOBKU

Po3po6neHnin HoBWIA Nigxia A0 OLIHKM NOCYXOCTINKOCTI POCAMH, 3 BUKOPUCTAHHSM
PIBHSIHHA CTaHY OBOAHEHOCTI TKaHWH, [a€ MOX/MBICTb CNPOCTUTM | NOrANGUTK
PErpeciiiHiii - aHania 3aieXHOCTi  BOJIOHACMYEHOCTI TKaHWH Bif, HEKOHTPO/bOBAHUX
30BHILLHIX (hakTopiB — TeMnepaTypu i onagis nig yac Beretadii.

OTpuMaHi HOBI iHTerpasbHi XapakTepucTVKN NOKasHNKa Wecrp, [JOOPE Y3roMKyOTLCS 3
KOMMIEKCHAMU OLiHKaMM MOCYXOCTIMKOCTI Ha MPUKAadi iHTPOAYKOBaHWUX BUAIB K/EHIB i
MOXYTb GYTV BMKOPUCTaHI K KifIbKICHUIA KpUTEPIli BUTPMBASIOCTI POCANH Y MOCYLLMBIX
YMOBaX CTEMOBOI 30HW.

BukopuctaHHa  KpuTepito Weerp, AK  MOKa3HWKA (PYHKLiOH&IbHOT - 3a/1eXKHOCTI
OBOZHEHOCTI TKaHWH Bif Temnepatypy i KinbKOCTi onafis, [03BONSE MNPOrHO3yBaTH
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(hi3i0NOriYHMIA CTaH POC/IMH Ha OCHOBI AaHMX TigpOTEPMIYHOrO peXxnMy nig yac seretauii
Ta BM3HAYMTW HEOOXIiAHWIA PEXUM NONNBY AN Pi3HUX 3a MOCYXOCTIKICTIO POC/H.
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RESEARCH ON ACCUMULATION OF MACRO- AND MICROELEMENTS
IN LEAVES OF TREES IN KYIV MEGALOPOLIS

Abstract. The specific accumulation of macroelements and microelements in the leaves of
different tree species in specific urban areas of the Kyiv megalopolis was investigated. The fallen
leaves of Aesculus hippocastanum (Aesculus hippocastanum L.), species of genera Alder (Alnus),
Maple (Acer), Birch (Betula), Poplar (Populus), Oak (Quercus), Viburnum (Viburnum) and Walnut
(Yuglans) were selected to investigate. Also authors conducted geochemical studies of soils.

The following methods were used in the study: chemical, spectral analysis, atomic absorption
analysis and method of mass spectrometry with inductively coupled plasma (ICP-MS).

Content rating of macroelements found the following laws: the leaves of the trees have the most
accumulation of sodium, potassium, calcium and magnesium. Sodium and potassium, calcium and
magnesium in freshly-fallen leaves of trees varies (0,02-0,08 %); (2,2-3,49 %); (14,5-15,0 %);
(0,66-3,89 %) respectively; after winter there is removal of potassium in leaves of all species of trees,
calcium thus virtually unchanged.

In the fallen poplar leaves that lay the winter there is a strong depletion of Mg (10 times) and
increasing concentration of Na (2 times). Fallen leaves of birch are characterized by a significant
reduction in P (14 times), Ca (5 times) and S (3 times), but have little accumulation of Mg (from 1.05
to 1.17 %). The depletion of Na (4 times) and the same enrichment in Mg is observed for typical oak
leaves. For the maple leaf in the spring there is a moderate depletion (compared to autumn) all
macroelements except phosphorus, for which there is an accumulation of 1.5 times.

It is established that the content of trace elements specific to each species of trees. Species of
Betula are concentrators of Cu (180 mg / kg), Pb (20 mg / kg), Zn (280 mg / kg), of Yuglans sp. — Se
(18 mg / kg), Quercus sp. — Mn (3110 mg / kg), V (12 mg / kg), Viburnum sp. — Zr (300 mg / kg). The
behavior of trace elements authors divided into two groups. The first classified as chemical elements
whose concentration after winter in fallen leaves almost constant (~ 3-5 %) — Ti, Zr, Mo, V; the
second — whose concentration is significantly reduced (~ 25-30 %) — Cu, Zn, Mn, Pb, Se.
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An important indicator is also the intensity of biological absorption of trace elements from the
soil by plants. There is significant accumulation in comparison with the ground in the leaves of the
trees for Mn, V (Kn — 4-12), mean values are typical for Cu, Zn, Mo, Pb (Kn — 1-4), it is not
accumulation for Ti, Zr, Cr, Se (Kn — 0,07-0,86). The exceptions are the leaves of birch, which have
intensive enrichment in Cu (Kn = 11) and Zn (Kn = 9).

Mobility of trace elements in the soil affects the possibility of accumulation by plants. The
study found that the largest share accounts for relatively mobile forms that leach by the influence of
weak acids, organic acids (40-50 %); less — for adsorbed by hydroxide (28—-38 %). Share of soluble
and ion-exchanging forms studied trace elements are 9-18 %. The soils on which species of birch
grow have the greatest mobility of microelements, and hence their availability for plants.

Humus content in the studied soils ranges from 4.21-6.41 %. Soils under birch contain the
greatest amount of humus, soils under the poplars — the least.

Keywords: tree species, chemical composition of leaves, soil of Kievo-Sviatoshin district,
microelements, macroelements, mobile forms of chemical elements.
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AKKYMYNAUNA MAKPO- N MMKPO3J/IEMEHTOB B JINCTbAX
PA3HbIX APEBECHbLIX NMOPO/[ B YCNOBUNAX KMEBCKOIO METAMNOJINCA

AHHOTaUMA. BbINONHEHO CPaBHEHWE COLEPXKaHUA XMMUYECKUX 3/1EMEHTOB B CBEXE-OMaBLLINX
NIACTLAX W JIACTBbAX MOCME 3KMMOBaHWA PasHbIX [APEBECHbIX MOPOA, KOTOPble Npou3pacTaloT B
rpaHuUax Kwuesckoro Mmeranonuca nog [fasfeHWeM  Crieuuduyecknx YCNoBUiA  rOPOACKUX
arsioMepaumnin. PaccumtaHbl KOI(PULMEHTLI GMONOTMYECKOrO MOF/IOLEHNS MWUKPO3NEMEHTOB AN
KOHCKOrO KaluTaHa 06bikHoBeHHOro (Aesculus hippocastanum L.), BugoB pogos Onbxa (Alnus), KneH
(Acer), bepesa (Betula), Tornonb (Populus), Ay6 (Quercus), KannHa (Viburnum) Ta Opex (Yuglans).
ViccnegoBaHo cofepkaHuie OpraHWuYeckoro BellecTBa M (POPMbl HAXOXAEHWS MUKPO3/EMEHTOB B
MoyBax.

KntoueBble cnosa: ApeBecHas Nopoja, XMMWYECKWi A COCTaB /MCTbHEB, MOYBLI B feconapkax
KuneBo-CBATOLUNHCKOTO — paiioHa, MUKPO3NEMEHTbl, MaKpO3NeMeHTbl, MOABMXKHbIE  (DOPMbI
XMMUYECKMX 3/IEMEHT0B.

YK 550.426+550.46 A. |. Camuyk® O-p XiM. HayK, ro. HayK. CriBp.
. A. TpoasvHcbka?  KaHf. 6ion. HayK, CT. HayK. CriBp.
K. B. BoBK®

Y HCTUTYT reoximii, MiHepanorii Ta pyfoyTBopeHHs iM. M. . CemeHeHka
HAH Ykpainu, npocn. Ak. ManagiHa, 34, M. Kuig, YkpaiHa, 03680

|HCTUTYT esontoLiiiHoi ekonorii HAH Ykpainu, Byn. Ak. /lebeaesa, 37,
M. Kuis, YkpaiHa, 03143,
Ten.: +38044-526-20-51, e-mail: a.grodzinskaya@gmail.com

AKYMYNALUIA MAKPO- | MIKPOEJIEMEHTIB Y INCTKAX
PISHMX OEPEBHMX NOPIA4 B YMOBAX KNIBCbKOIO MEFAMOAICY

AHoTauif. MposefeHO NOPIBHAHHA BMICTY XiMiYHMX eNeMeHTIB Y CBiXKO-Onanunx NUCTKax Ta
NNCTKax Micns 3UMiB/i Pi3HUX fepeBHMX Nopij, fKi 3pocTatoTb B Mexax KWiBcbkoro meranosicy nig
TUCKOM CneuudiyHMX YMOB MICbKMX arsiomepaliii. Po3paxoBaHO KoegilieHTU 6ionorivHoro
MOT/IMHaHHS MIKPOENEMEHTIB AN TipKoKawTaHy 3BuyaiiHoro (Aesculus hippocastanum L.), Bugis
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pogis Binbxa (Alnus), KneH (Acer), Bepesa (Betula), Tonona (Populus), Ay6 (Quercus), KannHa
(Viburnum) Ta lopix (Yuglans). [ocnigpkeHo BMIiCT OpraHiuyHOi peqoBUHM Ta (JOPMU 3HAXOMXKEHHS
MiKpOE/IeMEHTIB Y I'pyHTax.

KnioyoBi cnoBa: [epeBHa Mmopoja, XiMiuHWiA cknag nMCTKiB, 'pyHTUM B niconapkax Kueso-
CBATOLUMHCBLKOrO paiioHy, MiKpoeneMeH T, MakpoenemMeHTW, PyxoMi DOpMU XiMiYHUX eNeMEHTIB.

BCTYN

CyuyacHi nigxoam [0 €KOMOriYHOT OLiHKM SIKOCTI MPUPOAHUX CEepPeaoBULl, MOBUHHI
6yTV OpieHTOBaHi, B mepuwly 4epry, Ha 6ioTMYHI nokasHuku (Biodiagnostica..., 2013).
FAKiCTb NPUPOLHOrO CepefoBULLA 33 YMOB arfiomepauiii BENMKOro MicTa, 6Ge3nepeyHo,
BM/MBAE Ha XUTTERIANbHICTL POCAWH, 30KpeMa [epeB, POnb AKMX B MiCTax € BKpaii
BXK/IMBOIO, 60 3aBAAKM iX HAsABHOCTI ICTOTHO MOKpPaLLYETbCS CKMag NoBiTPs, ralbMyeThCs
PO3MNOBCHOKEHHA TOKCMYHMX BUKUAIB TOWO. Tomy npobiema 3abe3neyeHHs [epeBHUX
nopig ymosamu, CpUAT/IMBAMM [J181 X 3POCTaHHS, € aKTya/lbHOK | BaXX/IMBOI. 30Kpema,
OKPEMOro po3rfisagy 3acnyroBye BUBUEHHS Creuudiki MiHEPaIbHOIO XXMBMEHHA AepeB, iX
6e3gediuuTHOro 3abesneyeHHs Makpo- i MiKpoenemMeHTaMu. Pucu crieumdivyHocTi ymoB
MiHEpasIbHOr0 XMB/EHHS POCAVH B MicTax 06YMOB/IOIOTHCA LUMPOKUM KOMIOM YMHHUKIB,
30KpeMa Po3ipBaHIiCTHO BiOreoxiMivyHMX KONOO6IriB pevyoBUH, 3aacthasibTyBaHHAM BEJIMKMX
NoW, TEPUTOPIl, HAABHICTIO B CEPEfOBULLI TOKCWYHMX PEYOBUH, KOTPI  MOXYTb
CMPUYMHATY BI/IMB HA CUCTEMM MOTNIMHAHHSA 1 TPAHCMOPTY PEYOBUH B IPYHTaX i POC/IMHAX,
HagMipHMM 3pPOCTaHHAM B T'PYHTI iOHIB HATpitO i X/0py, WO 3YMOB/IEHO MOCUMaHHSAM
BY/IMLb X/IOPUAOM HATPit0 B 3MMOBWI yac, Towo. Cepef ONUCaHWX YMHHUKIB BI/IMBY
OfHUM i3 NPIOPUTETHUX € MiABULLEHHA BMICTY MiKPOENeMEHTIB, OCOGIMBO BaXXKMX
MeTasiB, B 'pyHTax i poCAUHaX, CNPUUYNHEHE TEXHOTEHHUM HaBaHTaXKEHHAM Ha [OBKiA y
BE/IMKMX MiCTax.

JocniikeHHA OCTaHHIX AeCATWUNITb MoKasann, WO MIKPOENEMEHTU I'PYHTY CYTTEBO
BMN/IMBAKOTb Ha PICT Ta PO3BMTOK POC/WH, CTaH i (DYHKLiOHYBaHHSA OpraHiamy flOAuMHA Ta
TBapuHU (Samchuk et al.., 2006). Be3 HUX HEMOXNMBUIA Mepedir GinbWOCTi GiOXIMIYHUX i
(hi3ionorivyHMX NPoLEeCiB, WO BigbyBatoTLCS B XKMBUX OpraHiamax.

MiKpoenemeHTV B pOCAMHAaX BWKOHYHOTb POfb KaTani3aTopis, 30Kpema B npouecax
(hOTOCMHTE3Y | 3aCBOEHHS a30Ty. BcTaHOBNeHO, Hanpukiag, WO B CUHTE3i i OOMiHi
6iNIKOBMX PEYOBWMH POCMMH 3HAYHY PO/b Bifirpac Moni6aeH, sKWMA BXOAMTb A0 CKnaay
(hepMeHTY HiTpaTpeAykTasn. [pu HecTayi LbOrO efIeMeHTY Ta/lbMyeTbCA MpPoLec
BiJHOB/IEHHA HITpaTiB, MOPYLUYETLCA HOPMaIbHWA Xif 6iNKOBOro 06MiHY, Npu LbOMY
BMICT 6iflka B TKaHMHaxX POCAMH 3MEHLUYETbCA, a COMeii a30THOI KWMCNOTKM, HaBmakw,
36inbLyeTbCA. Miflb BXOAWUTL O CKNaLy (PEPMEHTIB, L0 KOHTPOMIOKTb OKUCHI NpoLecH B
OpraHi3mi, UMHK MpuiiMae akTUBHY y4acCTb B a30THOMY OOMiHI Ta rigponisi Kpoxmanto,
KOGa/IbT NifABMLLYE IHTEHCUBHICTb NPOLECIB AuxaHHA Ta hoTocuHTesy (Beus et al., 1976).

CTyniHb 3a6e3ne4yeHOCTi POC/MHHUX | TBapUHHWUX OpraHismis (y TOMy uuchi i
NOAMHM) MIKpOeNeMeHTaMM 3aNeXWTb Bif, BMICTY iX Yy HaBKOMMLLUHbOMY CepefoBuLi i,
nepw 3a Bce, Y IpyHTI. Akademik B. |. BepHaACbKuii Brneplle BKa3aB Ha 3a/1eXKHICTb
XiMIYHOrO CKnagy OpraHi3mis Bif BMICTY XiMIYHUX €NEMEHTIB B 3eMHili KOpi. A CTBOpeHe
O. N. BMHOrpagoBMm BYEHHS NPO 6ioreoxiMiyuHi NPOBIHLT FPYHTYETLCS Ha BU3HAHHI TOro,
L0 B [eAKUX perioHax KOMMOHEHTW NaHAWwadTy, nepwl 3a Bce I'PYHTMH, He MICTSATb 30BCiM
UM MICTATb HEOCTaTHIO KINbKICTb [AesSKMX MiKpoeneMeHTiB, abo HaBnaku, MIiCTUTb 1X
3abaraTo, WO i 3yMOB/IOE BUHWKHEHHS i PO3MOBCIOAXKEHHS MACOBWX, BNaCTMBMX faHii
MiCLIeBOCTi eHAEMIYHMX 3aXBOPHOBAHb.

HaaxomkeHHs eneMeHTIB 3 'pYHTY B POCAVHU 3a/1€XUTb Bif (HOPM iX 3HAXOAKEHHS B
'PYHTI, @ TakoX Bij 3arasbHOro XIiMIYHOIO CKfagy [PyHTY, WOro peakuii, OKWCHO-
BIJHOBHOIO MOTeHLiany, (i3NMYHMX BAACTMBOCTEA | BIONOMIYHOT AiSNbHOCTI IPYHTOBMX
OpraHiamiB. POCNMHM 3aCBOKOKOTb XiMiYHI €1eMEeHT B KINIbKOCTSX, SKi HeobXigHi Ans
BUKOHAHHS X XXUTTEBMX (PYHKLiA. Ane Npy LbOMY HasBHICTb NiABULLEHNX KOHLEHTPaLlil
MEBHOr0 €feMEHTY B [PYHTI 4acTO MPU3BOAMTL [0 BMMYLUEHOTO 3aCBOEHHS LbOr0
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eNeMEHTY, WO MOXe OYyTW WKIAAMBUM NS XUTTERISNbHOCTI pocavH. B Tol Xe yac y
poCAvH € pPi3HOMaHITHI CTpaTerii 3amnobiraHHs 3pOCTaHHIO BMICTY BaXXKMX MeTasiB
(Gryshko et al., 2012).

O. M. BuHorpazos (1952) BUOKpeMKB fBa TUNW TPaHCNOKALiT XIMIYHUX eNleMeHTIB:

A) rpynoBe, KON BCi POC/IMHU B MeXax MPOBIHLIT 3 BMCOKMM BMICTOM TOI0 4u
iHLLOrO efeMeHTY B I'pyHTax HaKOMMUykTb MOro B NiABULLEHNX KiNIbKOCTSX;

B) cenektnBHe BuAoBe, abo, uYacTilwe, POALOBE, KOAM OKpemuii Bug abo pig
POCNMHHOCTI 3aBXAW B Pi3HUX YMOBAX BMPOLLYBaHHA MICTUTb NIiABULLEHY KiNbKICTb
MeBHOr0 efIeMeHTY B MOPIBHAHHI 3 CyCifHIMK BUuAamy (pogamu); Tak, LUMPOKO BiOMOIO €
ranmMeiHa nopa, fKka aKTMBHO KOHLUEHTPYE UWHK, actparaiun, SKi CeneKTMBHO
HaKoMWUyHoTb CeNeH ToLwO.

MeXaHi3M HaAXOMKEHHS XiMIYHMX €MIEMEHTIB B POCAVHN, B TOMY YMC/i TOKCUYHMX
€N1eMEHTIB, BaXXKNX MeTasiB Ta pafioHyKNifiB, NOSICHIOE cucTeMa 6ap’epHO-6e36ap’epHOro
HaKOMWYeHHs, HayKoBO 06r'pyHTOBaHa A. J1. Koeanescbkum (Kovalevskii, 1969). CyTHicTb
il nonsrae B TOMy, LLO POC/IMHM NOMNMHAaIOTL XiMiYHI €NeMeHTM BUGIPKOBO Yy BiANOBIAHOCTI
[0 X 6ioforiyHMX 0cob6aMBOCTe, BUPOGMEHNX TPUBASIOK EBOJIOLIEID | 3aKpinieHnx
6iOXIMIYHUMMN MexaHi3MaMU.

B ywmoBax MicTa @K HifK He BMCTa4aio 4acy Ans eBOMOLIAHOrO (opmyBaHHA
(i3ioNorivyHoi, Mopgo-PYHKLUIOHaNbHOT  afanTauil  pociMH [0  cneundgiyHnuX  yMOB
MIHEPa/IbHOTO >KUBMIEHHA. Y 3B’A3KY 3 UMM | iCHye HarasbHa notpeda y BUBYEHHI
0C06/MBOCTEN CTaHy MiHEpPa/IbHUX €/IEMEHTIB B I'PYHTaxX MICbKMX arfioMepauii, cneyngikm
X NOrfMHaHHA Ta TPaHCNOKaLii B opraHax pisHWX AepeBHMX nopig. Lle HeobxigHo ans
TOro, W06 BCTAHOBWTW, SiKi BUAWM LepeB Halibinbl NpugatHi gna iX KynbTUBYBaHHA B
yMOBax MicTa.

MeTOol0 [aHOro AOCHiMKEHHA € 3’ACyBaHHA OCOGMMBOCTE PO3MOAINY Makpo- i
MIKpOE/IeMEHTIB y OnasinxX NUCTKax PAAYy LepeBHWX MOpif Ta rpyHTax y mexxax Kueso-
CBATOLUMHCLKOrO paitoHy KuiBcbkoro meranosnicy. byna noctaeBneHa 3agaya BU3HaYeHHs
iHTEHCMBHOCTI MpOLECY BWIYrOBYBaHHA €fIEMEHTIB 3 OMafioro JMCTa B MpoLUeci ioro

po3knagy.
OB’EKTN | METOAW AOCIOIXKEHHA

Jocnipkysanu 3paskv onanmx NUCTKIB AepesHux nopig (Aesculus hippocastanum L.,
Alnus, Acer, Betula, Populus, Quercus, Viburnum Ta Yuglans spp.) Ta IpyHTiB, 3ibpaHnx B
Mexax Kueso-CBATOLIMHCHLKOrO paiioHy KWiBCbKOro Meranonicy. [pyHTWU Ta JMCTKM
Bi6Mpanu 6ins fAepeB y OCIHHIN Ta BECHAHWIA Mepioau.

Mpu pocnimkeHHi Oynn BUKOPWUCTaHI HACTYMHI METOAM: XiMiuHi, CNeKTpanbHWi
aHanis, aToMH0-abcopouiHniA aHani3 Ta metog ICP-MS.

Y po6oTi AN Po3yMHeHHs NPo6 BMKOPUCTOBYBANNCS KOHLIEHTPOBaHI kucnotn HF,
HCI, HNOs;, H,SO4; H3PO,; £Ki [04aTKOBO OuMLLyBasM 33 AOMOMOrOK CUCTEMMU
Subboiling. na nobyaoBu KanibpyBasibHUX rpadikiB 3aCTOCOBYBa/IM CTaHAAPTHI PO3YMHU
enemeHTiB Fluka (dhipmm SIGMA-OLORICH, LLBeiiuapis). Po3unHeHHs Mpo6 npoBoannu
B MiKpoxBuboBiiA nedi ETNOS dipmm MILISTONE (ltanis)). Y AkocTi BHYTPILHbOIO
CTaHAapTy BMKOPUCTOBYBABCA “°In, i3 30BHILLHIX — CTaHAapTHI 3pasku rpyHTiB CAMC-2,
CANMC-1 (pepHOBO-MiA30MAUCTI 3pasku IPYHTIB).

Mpo6u r'pyHTIB Ta POC/IMH PO3KIAJANNCA 32 OfHIEKD 3 HACTYNHUX aHaNITUYHUX CXEM
(Ponomarenko et al., 2008).

AHaniTnyHa cxema Ne 1. 3[iCHIOETbCS PO3KMah MPOo6M a30THOK KUCAOTOH).
HaBaxxky 0,1 r pgocnigkyBaHOro Matepiany mnomillans B Ted)i/IOHOBU/ aBTOKNaB,
npomueanu 10 M a30THOI KucnoTu (ryctuna 1,4 r/iem®). PoTop BcTaHoBAoBany B MX-niu,
AKy Harpisanu 3a nporpamoto npu 200 °C npotsirom 30 XB. [icns 0X0N04KeHHs aBTOK/1aBa
PO34YMH MEepPeBOAMIN B MMATWHOBI YallKW i BMNAapoBYBa/M [0 BOOrMX conei. Coni
PO3YMHANN NPU HarpiBaHHi B 5 %-Hiii a30THIN KMCNOTIi. PO34nH NepennBani B MipHy Konéy
06’eMoM 50 mn i goBoanAN A0 MITKU 5 %-HWUM PO3YMHOM TiET XK KMCNOTU.
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AHaniTnyHa cxema Ne 2. MeTtog TrpyHTYETbCA Ha PO3KNafaHHi  matepiany
(hTOPUCTOBOAHEBOKD Ta a30THOK KucnoTamm B MX-nedi. Hasaxky 0,25-0,1 r
[OCNiJKyBaHOro matepiasy nomiwanM B aBTOKNaB i3  (hTOponnacty, 3MouyBau
JeKinbKoMa KpanavHamu BoAau, fogasanv 10 mn  a3oTHOi kucnotm i 10 wmn
(hTOPUCTOBOAHEBOI KMUCNOTK Ta Harpianu 3a Temnepatypu 220 °C npotsirom 30 xB. [1oTim
pO34MH BMNApOBYBaM Ha BOAAHIA GaHi [O YTBOPEHHS BOMOrMX COfei, 0bMMBaIM Kpal
YallKM BOAOKD, NMOBTOPIOB/IM BMMAapOBYBaHHA Ha MillaHin 6aHi 40 NOSBM CyXWX COMeil.
3a/MLLOK CONMEen PO3YMHANN HarpiBaroyum Ta AodaBany 5 M a3oTHOT Kucnotu. OaepxkaHuii
PO34MH MepennBany B MipHy Konoy MicTkicTio 50 M i foBoannM 06°eM A0 MiTKK 5 %-HoKo
a30THOO KMCNOTOHO.

AHaniTunyHa cxema posknagaHHsa Ne 3. MeTog I'pyHTYETbCA Ha PO3KafaHHi Npob y
CyMilLIi a30THOT, (hTOPMCTOBOAHEBOI i CipyaHOi KucnoT B MX-nedi. HaBaxxky npobu 0,1-
0,2 r nomiwanun B uYallKy 3i CKIOBYrfeuto, fAonveBann 5 M a3oTHOI, 2 M
(hTOPUCTOBOAHEBOI i 1 MN cipyaHol abo X/IOPHOT KucnoTu. Yawky Harpisanv npu 100 °C
npoTarom 60 xB. Onepayito po3knagy peyoBuHK noeToptoBann B cymiwi HNOz+HCIO,
(1:1). Micna OXONOMKEHHS aBTOKMaBa OOMMBA/IM  KPULIKY MOCYAMHMA BOAOKD |
BMMapoBYBany PO3YMH A0 BOMOFMX COMei. 3aMLLOK Po3ymMHANM B 10 MA a30THOT KUCNOTU
(1:1), nepenunBanivi PO3YMH Y MipHY KONBY MicCTKICTIO 50 MA i fonmnBanu [0 MITKV BOAOHO.

BMiCT BaXKMX MeTaniB Ta CefeHy BKU3HA4Yain 3a fIONOMOrOH0 Mac-CreKkTpoMeTpa 3
iHAYKLiliHO 3B’A3aHot0 nnasmoto (ICP-MS) aHanisaTopa Element-2 (HimeuunHa). Moxmbka
BUMIiptoBaHHA d<3 % 3rifHO 3 [OAaTKOM [0 CBifoLTBa Npo arecTauito Ne MT-0347/01.

[na KinbKiCHOT OLiHKWM HaAXOMKEHHS MIKpPOEeNeMeHTIB 3 TPYHTY B POC/UHHICTb
HallyacTile 3acTOCOBYETbCA KoeiuieHT 6iosoriyHoro HakonuyeHHs (K,), skwuit
BU3Ha4a€ETbCA CMNiBBIAHOLLEHHAM BMICTY MeTasly B OAMHULI Macu akuentopa — A (pocnnHu
B nepepaxyHKy Ha 1i 3011y) i goHopa — D (I'pyHTy):

A

KH :B'

PE3Y/IbTATW TA IX OBrOBOPEHHSA

[JaHi XiMiYHMX BM3HAYeHb BMICTY MAKPOKOMMOHEHTIB B ONaUX fIMCTKAX Pi3HUX
[lepeBHUX Nopig npescTasneHi B Tabnuui 1.

Tabamusa 1
BmicT MaKpoenieMeHTIB y onasioMy NUCTI fepes, %
AepesHa 30nbHicTb, % Na K Ca Mg P S
nopoga
Tonons 22,78 0,08 3,14 14,52 2,04 0,67 0,41
bepesa 9,63 0,08 3,49 15,55 1,05 0,69 0,9
[y6 10,63 0,08 3,19 15,55 0,66 0,47 0,75
KneH 14,97 0,02 2,32 15,49 3,89 0,4 0,85

BMmicT HaTpito B IMCTKax AepeB CBIXXOrO onady KoAnBaeTbcst B Mexxax 0,02-0,08 %.
3a BMICTOM Kanito y NMCTKax B OCiHHIl/ Mepioj AepeBa PO3TaLLOBYHOTLCS Y HACTYMHOMY
nopsiaky: 6epesa (3,49 %) > ay6 (3,19 %) > Tonons (3,14 %) > kneH (2,2 %). IMicns
3MIMOBOI0 Mepiofy BiAOYBaeTbCA BUHOC Kanito i3 IMCTKIB BCiX BMAIB [AepeB, KOHLEHTpaLis
HaTpito MPU LibOMY MaiiXe He 3MiHIOETHCS.

BMiCT ny)KHO3eMe/lbHUX eNeMeHTIB (KaslbLito i MarHit0) B CBiIXKO-ONaMX SIMCTKAXx
JepeB Bapitoe y mexax 14,5-15 % i 0,66-3,89 % BignosigHo. Haiibinblia KinbKicTb
MarHito Bifj3Ha4aeTbCs Y NUCTKax KneHy i Tononi (3,89 i 2,04 % BignoBigHO), HaiMeHLLa —
y ay6a (0,66 %). Micna 3MMOBOro Mepiogy CrocTepiracTbCs 3Ha4YHWA BMHOC MarHiwo i3
NIUCTKIB TOMONi.
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Bigomo, WO Ha MirpauiliHy noBeAiHKY MaKpo- Ta MIKPOENEeMEHTIB B CUCTEMI
«POCAVHA-TPYHT» B 3Ha4Hil Mipi BMAMBaE BMICT hocthopy Ta OpraHiYHMX KWUCNOT B
nnctkax Ta rpyHTax (Vynogradov, 1952; Mineev, 1990). 3a HalivMK AaHUMK, BMICT
thochopy B MCTKax fepeBHUX nopig ctaHosws 0,4-0,69 %.

Y pocnvHax (ocdop 3HaXOAWTLCS B OpraHiyHii Ta MiHepanbHil opmax. Micns ix
BiAMUpPaHHA (OCHOPHI CNOMYKM MiHepani3ytoTbCsl, YTBOPIOKOUM BaXKKO PO3YMHHI COfi
Ka/lbLjito, MarHito, 3anisa. 3aBgsaku gii rpyHTOBUX GaKTepii, WO CpUsAOTb iX PO3YMHHOCTI,
Lii CNOMyKM 3HOBY CTakTb JOCTYNHUMK Aans pocinH (Mineev, 1990).

TakuM YMHOM, y OMaMX /IMCTKaX TOMOAI, SiKi MPOMeXanu 3MMy ChOCTEPIiraETbes
cunbHe 36igHeHHs Mg (10 pasiB) i MigBULLEHHSA KOHUEHTpauii Na B 2 pa3u. Onani MCTKK
6epe3n XapaKTepusytTbCsA CYTTEBMM 3MEHLLEHHAM KinbKocTi P (14 pasig), Ca (5 pasiB) i S
(3 pasm), npoTe He3HayHMM HakomuueHHaM Mg (3 1,05 go 1,17 %). Ons nuctkiB gy6a
XapaKTepHe Y0TMPbOXKpaTHe 36iaHeHHs Ha Na i Take X 36aradeHHs Ha Mg. [na nucTkiB
KNeHy Y BECHSHWIA Nepiof cnocTepiraeTbCsl NoMipHe 36iAHeHHs (NOPIBHSAHO 3 OCIHHIM) Ha
BCi MaKpoeneMeHTK, oKpim hoctopy, ANs AKOro Bif0yBaeTbCA HAKOMMUYEHHS B 1,5 pasu.

AHaNITUYHI JaHi Npo BMICT MiKPOENEMEHTIB Y OManvX /IMCTKaxX HaBedeHi B Tabnmui 2.

Tabnuus 2
CepefHili BMIiCT MiKpOe/ieMeHTIB B /INCTi AepeB, Mr/Kr
ﬂz‘:ﬁa& Mn | Ti | zZx | Mo | Vv | cu | Pb | zn | cr | ser
Tonona 320 210 160 3 5 20 12 50 4 11
bepesa 980 520 42 2 4 180 20 280 3 12
Binbxa 800 480 40 0,4 7 8,2 8 84 - -
KannHa 240 300 300 3 6 15 3 28 - -
Oy6 3110 800 56 3 12 23 14 86 5 14
KawTaH 2200 760 50 2,4 4 10 12 80 4 -
lopix 2700 820 54 2,8 6 12 10 86 5 18
KneH 2800 | 1000 | 110 | 26 5 18 20 30 4 12
I"pyHT 400 3200 350 0,8 1 16 10 30 17 90

MpUMITKa: * — KOHLEHTPaLlis enemMeHTa nogaHa B MKI/KI; «—» — BMICT €/1eMeHTY 3HaXOAUTbLCS Mo3a
MEXXaMi BUSHAUEHHS! METOAUKM.

3a NopALKOM KOHLEHTpauii B OnaivxX SIMCTKAX Pi3HWUX AepeBHUX Mopig MiHepasbHi
efleMEHTN MOXKHa 06°€HATW Y TPU Fpynu:

1. EnemeHTM 3 NigBuLLEHOI0 KOHLEHTpauieto — Mn, Ti.

2. EnemeHTVM cepefHix KOHUeEHTpauii — Zr, Cu, Zn.

3. MikpoenemeHtn — Ni, Co, V, Cr, Mo, Pb, Se.

JocnimpkeHHs BMICTY MiHepaibHUX eNeMeHTIB Y JIMCTKaX PIi3HUX [AepeBHWX nopijg
MoKasye, WO Halibinblle KOHUEHTpYTb Mn, Ti, Zr Buan poais ay6, KawTtaH, ropix y
MOPIBHSHHI 3 6epe30t0 Ta BINbXOH. JINCTKM Gepe3n 36aradveHi, MOPIBHSAHO 3 IHLIUMM
Bugamu gepes, Cu, Zn, Pb. HainbinbLunii BMICT ceneHy cnocTepiraetbesa Ans NCTKIB BUAIB
ropixy. Mo Ta Cr BWSBNEHO Malke B OAHAKOBUX KifIbKOCTAX Y BCIX AOCNIZXYBaHUX
nopogax, OKpiM BiflbX1 Ta KaMHMU.

MiKpoenemMeHTV MNO-pi3HOMY BWAYYalOTbCA POC/MHAMM i3 PYHTY. [TOKa3HWKOM
iHTEHCVMBHOCTI BWYYEHHA BUCTYMae KoediLiieHT 6ioNnoriyHoro HakonuyeHHsa. CyTTeBO
HaKOMUUyHTLCA MOPIBHAHO 3 'PYHTOM B IMCTKaX JOCAifAXKyBaHuUX fepeB Mn, V (K, 4-12),
CepeHi 3HayeHHs xapakTepHi ansg Cu, Zn, Mo, Pb (K, — 1-4), HaKonuyeHHs BiLCYTHE A/15
Ti, Zr, Cr, Se (K, — 0,07-0,86). BvkntoueHHsi CTaHOBMATb NIUCTKU Gepesun, ANs AKUX
BUSIB/IEHO IHTEHCMBHE 36arayeHHs Ha Cu (K,=11) Ta Zn (K,=9) (puc. 1).
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KoedpilieHT 6i0N0riYHOro NOrAnHaHHA Ginblue 1 BKadye Ha iHTEHCMBHE MOMAIMHAHHS, a MeHLwe 1 — Ha
cepegHe i cnabke NOr/IMHaHHSA.
Puc. 1. KoediuieHTu 6ionoriyHoro HakonuyeHHs (KH) MiKpoenemeHTIB 4718 onasnx NUCTKiB
pi3HUX nopig fepes

MopgibHi pocnifpkKeHHs aBTOpPWM MPOBOAUAM ANS AEPeBHUX Mopif YKpPaiHCbKOro
Moniccsa, pe3ynbTaT SKWUX HaBefeHi y ny6nikauii A. |. Camuyka 3i cnisaBTopamu
(Samchuk et al., 2006). JaHi no cepegHbLOMY BMICTY MiKpOeneMeHTIB B 30/1i IMCTKIB AepeB
KuiBcbkoro meranonicy Ta YKpaiHCbKOro [loficcs KOpenowTb, OfHaK  POCAVHU
KuiBcbkoro merarnonicy 6inblu 36aradyeHi MikpoeneMeHTaMm Ta MatoTb BULLi KOediLieHTH
MOT/IMHAHHSA, L0 06YMOB/IEHE CrieLmMdivYHMMM YMOBaMU MiCbKOT ariomepawil.

MOPIBHSAHHA KOHLEHTPaLiA MIKPOENEMEHTIB Yy JICTKaX, 3i0paHUX Yy OCIHHIA Ta
BECHAHWIA mepiogmn (puc. 2), cBiguMTb Mpo Te, Wwo BMmicT Ti, Zr, Mo, V 3MIHIOETLCA CNabo
(~3-5 %). Ha npoTtmBary LboMy, KOHLEHTpaLis Cu, Zn, Mn, Pb, Se CyTTEBO 3MEHLLYETLCS
(~25-30 %) nicna 3umieni onanoro ancTta. OueBMAHO, Le O6YMOBNEHE YTBOPEHHSAM
pyxomux (GopM MepepaxoBaHMX BULLE eNeMEHTIB Nif Ai€t0 (ynbBOBOI KMCNOTU. OTxe
OCTaHHI eNemMeHTV LWBMALLE HAAXOAATb A0 IPYHTY i CTaloTb AOCTYNHUMM 18 POCAUH. Ti,
Zr, Mo, V MaloTb [JOBLUMA LMK MEPEeTBOPEHHS, WO 3 4YacoM MOXe Mpu3BeCTU [0
36iIHEHHS I'PYHTIB LMK eneMeHTamu. BMBUEHHS LUBUAKOCTI BiAHOBMEHHSI €IEMEHTHOMO
CKNafly 'pyHTiB HEOOXiHE 415 BUPILLEHHSA NUTaHHSA NPO BHECEHHSA BiAMOBIAHUX JO6PUB.

[ns focnifpkeHHs PyXOMOCTi BaXKKMX MeTaniB Hamu 6ynu BU3HayeHi ¢opmu 1X
3HaxXOMKeHHS y TpyHTI (puc. 3). [N BCiX MIKpOenemeHTIB Haibinblia 4YacTka cepef
pyxomux opm npunagae Ha opraHiuHy (40-50 %), MeHLa — Ha copboBaHy rigpoKcuaamm
(28-38 %). Ons Mn, Cr, Ni hikcoBaHa (hopma nepeBaxkae Haf, iOHHO-06MiHHOO, Ans Cu,
Pb cnocTtepiraeTbcst 3B0POTHA TEHAEHLISA. YacTka BOLOPO3YMHHOT (hopMM He3HauHa — 0,04—
0,1 %. CniBBigHOLIEHHA MK PYXOMUMW (hOPMaMn BaXKWX METaiB B IpyHTax Bapitoe
3a/1eHO Bifj TOro, siKa [epeBHa Mopoga Ha HWX 3pocTae. [pyHTM nig 6Gepesamu
XapaKTepM3yoTbCa  HalbINbLIOK YacTKOK BOAOPO3YMHHMX (0,08-0,15 %), iOHHO-
00MiHHMX (14-18 %) Ta opraHiyHux dopm (46-50 %). MOPIBHSAHO 3 IHWMMK AepeBamMu,
Mif, TONOMIAMM CrOCTEPIraeTbCA MifBULLEHHA 4acTKM cOp60BaHOI (IOPMU 3HAXOXKEHHSA
MiKpOeneMeHTIB Yy rpyHTax (32-38 %).

MoBeiHKa BaXXKMX MeTaiB B IPYHTax 3HA4YHOK MipOK0 06YMOBIOETHCS HASABHICTIO i
KiNbKIiCTIO B HUX OPraHiyHOi peyoBrHK, 0COB/IMBO I'YMYyCOBMX (IYMIHOBMX Ta (DY/1bBOBMX)
KuncnoT. BoHW BNAMBaKOTb Ha MPOLLECU PO3UMHHOCTI, YTBOPEHHS HEPO3UMHHUX | PO3UMHHUX
KOMMNMEKCHMX 3’€fHaHb, KOarynauito i ekpaHyBaHHS MOBEpPXHi MiHepanbHUX 4acToK
nnisKamu renis.
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Puc. 2. CepefHiii BMIiCT MiKpOe/IEMEHTIB B OMa/INX SIMCTKAX Pi3HUX NOpif AepeB
Y BECHSIHWIA | OCiHHI nepiogn, Mr/Kr

ARAN
AR

MpuMmiTKa: 1 — opraHiyHa; 2 — hikcoBaHa; 3 — i0HO06MiHHa; 4 — copboBaHa Ha rifpokcuaax.
Puc. 3. PyxoMi hopmu 3HaX04PKEHHS MiKPOEIEMEHTIB Y rpyHTax, %o
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3 Tabn. 3 BMAHO, LIO HaibinbLLy KifbKICTb FymMycy BMILLYE I'PyHT nig Gepe3oto, a
HaliMeHLLy — nig Tononeto. Lieli pesynbTaT nigTBepaKye 0cO6IMBOCTI BNUBY MCTOBOMO
onafly Ha opraHiyHuiA cknaf rpyHTy. Haii6inblue rpyHT 36arayye rymycom 6epesa, MNCTKM
SKOI LUBMAKO PO3KMafaroThes, TOAI K Y TOMosi, e 3a 3MMOBUIA Nepiof nepeBaxae npoLiec
MiHepani3ayil IMCTKOBOro onagy, YTBOPEHHS Y I'PYHTI N'yMiHOBUX PEYOBWH HaliMeHLLe.

Tabnmus 3
BMmicT opraHiyHOi pe4oBUHU Y FpyHTax Nif fepesamu pisHUX nopig (%)
Bwmict
Btpartu
[JepeBHa opra- . AfcopboBaHa Boga .
; BwmicT rymycy o Mpwv MPOKaJItoBaHHi
nopofa HiYyHOro npu 100-105°C (1000 °C)
BYT/eLo
bepesa 3,77 6,41 1,7 10,31
[y6 2,93 4,98 2,09 10,49
KneH 2,87 4,88 1,59 7,92
Tonons 2,48 4,21 1,44 7,41

BVCHOBKW

LocnigpkeHHs BMICTY Makpo- i MiKpoeneMeHTIB B Onainx ANCTKaxX Pi3HUX AePEBHUX
nopig B OCiHHIl Nepiog i micns 3umiBAi 403BONAO 3pOOWTW HACTYMHi BUCHOBKW:

1. Y fucTKax [JepeB Haibinblue BigbyBaeTbCs HAKOMWUEHHs HaTpito, Kanito,
Ka/bLito, MarHito. BMicT HaTpito i Kanito, Kafblilo i MarHito B CBXO-0MaiMX NNCTKax
JepeB Bapitoe B Mexax (0,02-0,08 %), (2,2-3,49 %), (14,5-15,0 %), (0,66-3,89 %)
BIZNOBIAHO; MiCNA 3MMOBOrO Mepiogy BiAOYBaeTbCA BMHOC Kanito i3 NNCTKIB BCIX BUAIB
[epeBHUX Nopif, BMICT KasibLito NPy LbOMY MPaKTUYHO He 3MIHIOETLCS.

2. BmicT mikpoenemeHTIB cneuudivyHnii Ans KOXKHOro B1gy gepes. Bugn p. bepesa e
KOHuUeHTpaTopamu Cu (180 wmr/kr), Pb (20 wmr/kr), Zn (280 wmr/kr), p. lopix — Se
(18 mkr/kr), p. Ay6 — Mn (3110 mr/kr), V (12 mr/kr), p. KanmHa — Zr (300 mr/kr). Micns
3umiBni BMIicT Ti, Zr, Mo, V B omafux NMCTKax Maibke He 3MiHIOETbCs (~3-5 %), a
KOHUeHTpauis Cu, Zn, Mn, Pb, Se cyTTeB0 3meHLWYeTbCA (~25-30 %).

3. PospaxoBaHi KoeqiLieHTX 6i0N0riYHOro MOrfIMHAHHA CBig4aTb, IO IHTEHCMBHO
Hakonuuytotbess Cu  (Ky=11), Zn (Ky=9), Mn, V (K,=4-12), HakOMWYeHHA He
cnoctepiraetscs ana Ti, Zr, Cr, Se (K, =0,07-0,86).

4. [OocnimpkeHHA (OpM 3HaXOKEHHS MIKpPOeNneMeHTIB Yy I'PpYHTI Mokasano, Lo
Hainbinbla YacTka Mpunagae Ha YMOBHO PYXOMi (hOpMuW, WO BWIYTOBYHTLCS Mif A€
cnabkux K1cnoT: opraHiyuHy (40-50 %), MeHLe — Ha copboBaHy rigpokcmgamm (28-38 %).
Hainbinblwa pyxomicTb, a OTKe, | JOCTYMHICTb A/1 POC/VH, XapaKTepHa Ans IPyHTIB, Ha
AKMX 3pOCTaloTb BUAM pofy bepesa. [na uux rpyHTIB BAACTUBWIA i HalbinbniA BMICT
rYMYCOBWX PEYOBWH, L0 MIATBEPLKYE LUBMAKWIA NPOLEC PO3KIafaHHs NNCTKIB bepesn.
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POPULATION ECOLOGY AND AUTOECOLOGY MANIFESTATIONS
OF MODIFICATIONAL VARIABILITY OF GENOTYPES TRIBE TRITICEAE
IN FOREST-STEPPE AND POLISSYA ECOTYPES

Abstract. The tribe Triticeae of Forest-Steppe and Polissya ecotypes in aspect of the
interaction of two systems: an organism (genotype) and the environment in population, auto- and
synekology levels has been studied. The obtained fruition allows us to increase the productivity of
agro-ecosystems in common get a stable crop productivity through greater relevance and adaptability
of genotypes to environment conditions in specific ecotypes. Varieties and lines of triticale and wheat
soft winter studied at different levels of integration, reveal their morphological, biological and
ecological differences, whereby genotypes differentiated by the hyhro-morphibility — adaptability to
moisture conditions, in particular: — hyhromorphics for conditions to deficiency and moderate
(unstable) of moisture (HTC < 0.6 and < 1): Vivate Nosivske, Pshenychne (triticale semidwarf type of
development); KC 14, KC 5, KC 1, KC 22, KC 16, KC 21 (wheat of semidwarf type of development):

— hyhromorphics for conditions of comfortable and excessive moisture (HTC = 1 and > 1,5):
LAY 5, Ellada, Avhusto (triticale); KC 17, /1 4696/96 (wheat);

— hyhromorphics with highly display of adaptation to conditions of deficiency and moderate
and also comfortable and excessive of moisture: Slavetne, Slavetne polipshene (triticale); Yuvivata
60, Nosshpa 100, Prydesnianska napivkarlykova, Zoriana Nosivska, KC 7 (wheat), allowed to get an
idea of the diversity of ecological communities of winter triticale and wheat soft winter.

Long-term research of varieties and lines of triticale and wheat allows arranging them by the
trofo-morphibility:

— mehatrophics — demanding for soil fertility and sensitive to the addition of mineral nutrients
(triticale genotypes: Vivate Nosivske, Pshenychne, JAY 5, Chaian, Ellada, Chornoostyste; wheat
genotypes: Nosshpa 100, Prydesnianska napivkarlykova, KC 14, KC 5, KC 1, KC 16, KC 21);

— mesotrophics — moderately demanding for soil fertility and occupy a middle position between
oligotrophics and eutrophics (Avhysto, Yahyar, Zernookisne, Zoriana Nosivska, Yuvivata 60,
11 4696/96);

— oligomesotrophics — undemanding for soil fertility and for farming standards (Slavetne,
Slavetne polipshene, JAY 5).

Trofomorphics differ from each other by specific and non-specific features of trophic needs.
Triticale and wheat soft winter ecomorphics are divided by sensitivity to the length of daylight into:

T Tel.: +38096-329-76-71. E-mail: moskalets78@rambler.ru

DOI: 10.15421/031505
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— high-sensitive — genotypes with high yield potential and grain quality, including triticale: Vivate
Nosivske; Pshenychne; wheat: Prydesnianska napivkarlykova, Nosshpa 100, KC 14, KC 5, KC 1, KC 21;

— midl-sensitive — genotypes with maximum yield under different sowing (Slavetne, Slavetne
polipshene, JAY 5, Chaian, Chornoostyste; KC 22, KC 16);

— intermediate — genotypes that form high yield and grain quality under optimum sowing time:
triticale (Avhusto, Yahuar, Ellada), wheat (Nosshpa 100, KC 1, KC 5, KC 17, KC 21, KC 22).

Triticale and wheat sowing is different by their variety. It has been established that
megatrophics, such us: Vivate Nosivske, Pshenychne, AY 5, Chaian, Chornoostyste, Nosshpa 100,
Prydesnianska napivkarlykova, KC 1, KC 5, KC 14, KC 16, KC 21, KC 22) form a low yield and
grain quality on depleted soils in organic matter and are not competitive towards weeds and
pathogens of fungal diseases.

Key words: ecomorphics of Triticum aestivum (L.) and Triticosecale Witt., population ecology
and autoecology manifestations.

YAK 581.524.3:631.147: T. 3. Mockaney, KaHg,. 6von. Hayk, gou,
631.4:631.8:631.95 B. B. Mockanev, [-p C.-X. HayK, CTap. Hay4. coTp.
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AYTIKOJTOIMYECKWME U AEM3KO/10I MYECKIWE MNMPOABNEHNA
MOANDPUNKALIMOHHOWM CIMOCOBHOCTU TEEHOTNMNOB TPUBbLI TRITICEAE
NECOCTENHOIO N NMOJIECCKOIO 3KOTUMNOB

AHHOTaUUSA. KCNepUMEHTaIbHO WCCNe0BaHO BKOLIEHOTUYECKOE MPOsBNEHWe MOAMKDUKA-
LIMOHHOM CMOCOBHOCTU reHOTMMOB TPUTKKa/E 03MMOr0 U NLEHULbI MAFKO 03MMOIA NIeCOCTEMNHOIO U
MONECCKOro 3KOTWMOB, B 3aBMCUMOCTM OT arpo3konornyeckux gakropos. Copta TpuUTMKane K
MWEHULbI  M3YYeHbl  KakK  3KOMOP(MUECKUE  TeOLEHOKOHCOPUMKM,  YTO  OMpeaennno  ux
arpo3KosIOrMYecKyto OLEHKY B 3aBYCUMOCTU OT reHOTUMUYECKUX U (DEHOTUMUYECKUX XapaKTePUCTUK
(3MMO-, MOCYXOYCTOMYMBOCTb, MMOLWAAb /IMCTOBOA MOBEPXHOCTW, YCTOMYMBOCTb K 6OME3HAM W
BPeAMTENAM, YPOXKaHOCTb 1 KauyeCcTBO 3epHa W fip.), Ha OCHOBE Yero Mpeg/ioXkeHa Cxema co3faHus
YCTONUMBBIX BbICOKONPOAYKTUBHBIX (DUTOLIEHO30B TPUTWKAIE O3MMOr0 W MLUEHWLbl MATKOW Ha
Pa3/IMYHbIX MepapXMUecKMX YPOBHSAX (ayTIKONOrMYEeCKOM, AeMIKOMOrMYecKOM, 6MOLIEHOTUHECKOM,
3KOCWCTEMHOM), MyTeM cefekuun 1 anpobauuy sKomopd (rmbpuaos, NUHWMIA) MO pAgY LEHHbIX
XO3AMCTBEHHbIX W 3KOMOTMYECKMX MPU3HAKoB. BmecTe ¢ Mopdo- M M3MONOTMYECKAMM
XapaKTepUCTUKaMN COPTOB W JIMHWIA KOHKPETHbIX 3KOTWUMOB, MNPEANOXEHO MWCMOMb30BaThb KX
3KOMOpP(MYECKMe OCOBGEHHOCTM peakuMM Ha BO3AENCTBME ONpefefieHHbIX arpoTeXHUYEeCKMX
(hakTopoB (MWUHEpanbHble YA0OPeHNs, MUKPOOHbIE MpenapaTbl, NPeALIECTBEHHNKNA, HOPMa U CPOKK
BbICEBA CEMSIH).

KnroueBble cnosa: akomopbl Triticum aestivum (L.) u Triticosecale Witt., ayTakonoruyeckue
1 BeM3KON0ornyeckme NposiBNeHNS.
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AYTEKONOTI4YHI TA AEMEKOJIOIHHI NMPOABU
MOANDIKALINHOI 30ATHOCTI FTEHOTUMNIB TPUBW TRITICEAE
NICOCTENOBOIO TA NONICBKOIo EKOTUMNIB

AHoTauisl. EKcnepyMeHTaIbHO A0CNIAXKEHO 6iOLEHOTUYHI MPOsSBU MOAMMDIKaLiHOT 34aTHOCTI
reHOTUNIB TPUTMKaIe O3MMOrO i MLUEHWLI M’SKOT 031MOI NiCOCTENOBOr0 Ta MOJCLKOIO eKOTUMIB,
3a/1eKHO Bifj arpoekoioriYHnX YMHHWKIB. COpTU TpUTMKaNe i NIWEHWL BUBYEHO AK eKOMOPQiuHi
reoLeHOKOHCOPLiT, WO BM3HAYMI0 X arpoekonoriyHy OUiHKY 3aneXHO Bif reHOTMNOoBUX Ta
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(heHOTMMOBMX XapaKTePUCTMK (3UMO-, MOCYXOCTIlKICTb, NoLWa ANCTKOBOI MOBEPXHi, CTIlKiCTb
NpOTK XBOPOO i LWKIAHWKIB, YPOXKAMHICTb Ta AKICTb 3epHa Ta iH.), HA OCHOBI YOro 3anponoHOBaHO
CXEMY CTBOPEHHS CTIfKMX BUCOKOMPOAYKTUBHUX (DiTOLLEHO3iB TPUTMKAIE O3MMOTO i MWEHNLi M’sIKOT
03MMOI Ha PI3HMX iEPapXiYHNX PIiBHAX (ayTEKONOriYHOMY, LEMEKONOriYHOMY, GiOLEHOTUYHOMY,
€KOCWCTEMHOMY), LUMSXOM BMBEAEHHS! Ta 3anpoBapkKeHHs ekomopd (ribpugis, NiHiliA) 3 HU3KOK
LiHHMX TrOCMOfAPCbKMX Ta  EeKOoMoriyHMx o3Hak. [lopsag 3 Mopdo- Ta  (pisionoriyHumm
XapaKTepUCTMKaMU COPTIB i NiHili KOHKPETHMX €KOTUMIB, 3anpOMOHOBaHO BMKOPUCTOBYBATW TXHi
eKoMOopP®iYHi 0CO6MBOCTI peakL,ii Ha BNMB NEBHUX arpOTEXHIYHUX YNHHUKIB (MiHepasibHi J06pKBa,
MiKpOGHi npenapatu, nonepesHUKN, HopMa Ta CTPOKM BUCIBY HACiHHSA).

Kntouosi cnosa: ekomopdm Triticum aestivum (L.) i Triticosecale Witt., ayTekonoriuHi Ta
[eMeKONOriyHi Nposisu.

BCTYN

EKOCUCTEMHMIA Niaxifg po3KpMBaE KOMMIEKCHICTb i AMHaMIYHY NPUPOAY EKOCMUCTEM
(Didukh and Pliuta, 1994; Bykov, 1988; Holubets, 2010) Ta € BaXIMBMM Yy po3pobLi
HayK0BO-06I'PyHTOBAHOI MPaKTUKW BEAEHHS Ci/IbCbKOMO rocrnofapctea  MaibyTHLOro
(Khramtsov, L. I. and Khramtsov, V. L., 2013). TpuTukKane 031mMe i NLIeHNLA M’sKa 031Ma,
AKi BigHOCATbCA A0 TpMbm MweHnyHi (Triticeae), NpuBepTatoTh A0 cebe 0c06MBY yBary 3a
HW3KOH KMOYOBMX 03HAK: BPOXKalHICTb, XapyoBa LLiHHICTb, CTilKiCTb NPOTU HECMIPUATANBIX
abioTUYHMX | GIOTUYHMX YMHHWKIB, BUCOKA EKOJOriYHA NIACTUYHICTb Ta iH.

He po3B’A3aHON0 3anMWaeTbcd Mpobnema (HOPMYBaHHS BUCOKOMPOLYKTUBHUX i
eK0/I0ro-afanT1BHMX (PITOLEHO3IB MLIEHML M’AKOI 1 TPUTKKane 03MMOro NicOCTeNOBOro
Ta MOMICbKOro eKOTWNIB, 30Kpema Y IPYHTOBO-KMIMAaTUYHUX 30HaX Cnabkoi peanisauii
noTeHUialy MLWeHMLi 03MMOI Ta B 30HI E€KOMOriyHOT Hebe3neku. Lle yHEMOXIMBIIOE
MaKCUMasibHY 1 FapMOHI30BaHy peastisauito MoTeHLUjiay IXHIX reHOTUMIB, 3 ypaxyBaHHsAM
HU3KM CPUSTANBMX Ta HECMIPUATAMBUX AN HAX €KOTOMIB, AKMMW BiAPI3HAOTLCA PETiOHK
BUPOLLYBaHHS 3ePHOBUX Ky/NbTYpP B YKpaiHi.

[na posB’A3aHHA 3a3HayeHoi npobnemy HeobXifHe MOEAHAHHA TOCMOAapChKO-
ekoHomMiuHoro (Vernadskii, 1944) Ta eKOCUCTEMHOIO MiAX0OAIB BUPOLLYBaHHS LMX KybTyp
(Ramenskii, 1938; Akimov, 1948, 1954; Mazing, 1972; Travleyev, 2012), o gacTb 3Mory
Ha CyyaCHOMY eTarni MaKCMMalbHO peani3yBaTi MOTEHLiAHI MOXMBOCTI FeHOTUMIB
MweHnUUi 1 TpuTUKane O03MMWX B TMEBHWMX EKOMOMiYHMX Hiwax, $Ki HalinoBHiLLe
BINOBIJatOTb EKOMIOMIYHMM YMOBaM TXHbOI Camoperynsuii fK reoleHOKOHcopuiin abo
MiKpPOEKOCHCTEM.

[ns [ocArHeHHs NocTaBneHOi MeTU HEOOXiAHO BUBUMTM Ta JOCAIANTM HOBI COPTU WA
NiHIT  TPUTUKase O03MMOro i MWeHWUi M’AKOT 03MMOT  AK OKpeMi  eKomopdiuHi
reoLeHOKOHCOpLiT Ta MPOBECTM iX rpajauito 3a MPOSBOM FeHOTUMMOBUX Ta (PeHOTMMOBUX
XapaKTepUCTVK AN1st HaliKpalllol BignoBiAHOCTI reHOTMNIB NPUPOAHO-KNIMAaTUYHMM YMOBaM
€KOTOMY BMPOLLLYBaHHS.

MATEPIANV TA METOAN

MeTog0M0riYHOK OCHOBOKO HALLIOTO AOCNiAKeHHs Byo BYeHHS B. |. BepHagcbKoro npo
Hoochepy (Vernadskii, 1944), koHuenuis Bugy sk cuctemn M. |. BaBinosa, BYEHHs
B. M. Cykauosa npo 6ioreovieHo3 (Sukachiov, 1945), koHuenuis KoHcopuii J1. I'. PaMeHCbKOro
(Ramenskii, 1938) Ta B. M. beknemiwesa (Bekliemyshev, 1951), cinbcbkorocnogapcbka
ekosnorist M. T. Mactoka (Masiuk et al., 1994). HayKoBO-TeOpPETUUYHOK 6a30t0 CTa/IM CyYacHi
rinotesn camoperyfsuii  arpoekocMCTeM,  KOHLENUil  eKocUCTEMHOro — migxogy Ta
€K0/10robe3neyeHoro Po3BUTKY arpapHoro BUPOOHWLTBA. HayKoBi JOCNIMKEHH BUKOHYBaN
KOMMMIEKCHO, BUWKOPWCTOBYHOUM METOAM CiflbCbKOrOCMOAAPChKOI €KOMOrii: eKOCUCTEMHOro
nigxogy, NoMLOBWIA I MOP(OBIOMETPUYHUIA; AEMEKONOTIYHWIA; aHanisy Ta CUHTE3Y, HayKoBOI
abcTpakuil MPUUMHHO-HACTIAKOBMX 3B’A3KIB Y NMEBHINA, NOM4YHO 06I'PYHTOBaHIN NOCAILOBHOCTI;
NabopaTopHWIA; IHPOPMALLIHWIA; MAaTEMATUYHO-CTATUCTUYHMIA; PO3PaxyHKOBO-MOPIBHANbHNIA.
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PE3Y/NIbTATW/ TA IX OBrOBOPEHHSA

3rigHo 3 BYeHHA O. J1. benbrapga npo ekoMopgu — K CYKYMHICTb POC/VH, L0
MatoTb HWU3KY CMiJIbHUX NPUCTOCYBANbHUX O3HaK 10 NMEBHOr0 eKOMOMYHOro YNHHUKA, MU
po3rnsgany i audepeHLitoBany COPTU | KOHCTaHTHI MiHIT TpUTMKae Ta MLWeHnLi M’ aKol
03UMOIT (SIKMM BNacTMBa pi3Ha eKonoriyHa naacTUUHICTb A0 TUX YK iHWKX aBioTUYHUX YK
6I0TUYHMX YMHHMKIB ) 3a MPUCTOCOBAHICTIO 4O YMOB 3BOJIOKEHHS — TirPOMOP(HICTIO,
30KpeMa Ha:

— rirpomopdu And yMOB HeIOCTATHLOrO Ta MOMIPHOro (HECTIKOro) 3BONOYKEHHS
(F'TK = < 0,6 i < 1): BiBate Hociscbke, MNweHnYHe (TpUTUKaNe HaniBKapanKOBOro Tuny
po3snTKy); KC 14, KC 5, KC 1; Hocwna 100, KC 22, KC 16, KC 21 (nweHunus
HaniBKapIMKOBOIO TUMY PO3BUTKY);

— rirpomopdu ans ymMOB AOCTaTHLOr0 Ta HagmipHoro 3sonodkeHHs (FTK = 1 i
> 1,5): AAY 5, Ennaga, AsrycTo (Tputukane); KC 17, /1 4696/96 (nweHnus);

— rirpomMopdn 3 BUCOKO BUpa>KeHOow ajanTalielo A0 YMOB HeJOCTaTHLOrO Ta
MOMIPHOTO 3BOMOMKEHHA | [JOCTaTHLOr0O Ta HagMIpPHOTO 3BOMOXKEHHA: CnaBeTHe,
CnaseTHe noninweHe (Tputukane); HOsigata 60, Hocwna 100, MpugecHsHCbKa
Haniskapnvkosa, 3opsHa Hociscbka, KC 7, WO [03BOMMAN OfJePXaTW YABMEHHA MPO
eKO/orivyHe po3MaiTTa yrpynoBaHb TPUTMKa/IE 03MOTO I NLLEHWLi M’SIKOT 03MMOi.

Firpomopu, fK ayT- i CMHEKONOriyHa Karteropii, XxapakrtepusyroTb npedepeHLit
OpraHiamis Ao rpafaLii pexxmmy 3BOMIOXEHHS I'PYHTY Ta BiAHOCHOI y4acTi B yrpynoBaHHi
MeBHOrO rirpotony, a Tpodomopdin — A0 rpadauivi TpodHocTi egadotony (Belgard, 1950).
LocnifpkKeHHs1 TeHOTUMIB 3ePHOBMX KYNbTYP Y Pi3HMX (hi3nKo-reorpaivyHmMx ekoTtonax,
[,03BO/INI0 BCTAHOBUTW, TXHIO MEBHY FirpoOMOpPMiYHY NPUHANEXHICTb, TICHO NOB’A3aHOT B
NPOCTOPOBOMY pO3noAini 3 pisHumu rirpotonamm (Monices, JlicocTeny Ta nepexigHoOl 30HM
Nicocten-Moniccs) (Tabn. 1).

Tabamya 1

YpoxKanHicTb 3epHa rirpomMopc TpUTUKae 031MMOro 3a/1eXKHO Bif FigpoTEPMiYHMX YNHHUKIB
JlicocTeny, nepexigHoi 30HM SlicocTen-Moniccs Ta Monices, cepefHe 3a 2007-2013 pp.

FippoTepmiuHni | <6 <1 1-15 216 >2
koediuieHT (M'K)
Hassa copty YpoxaiHicTb 3epHa, T/ra
AJl 256 (st) 3,2 3,8 6,1 4,9 4,3
CnaBeTHe 4,2 47 6,8 5,7 52
LAY 5 3,3 3,2 4,7 4,8 4.4
BiBate HociBcbke 41 4,6 51 4.2 3,5
MweHn4yHe 3,7 45 4.8 35 3,2
ABrycTo 3,5 4,3 5,7 4,8 4,5
YopHoocTucTe 3,1 3,3 4.4 4,3 4,3
CnaBeTHe nonintieHe 3,7 5 7 6,4 4,7
HIP s 0,16 0,44 0,25 0,8 0,32

BignosigHo g0 3akoHy MiHiMymMy HO. J1i6ixa, HaMW BCTAHOB/IEHO, L0 EKCTPEMa/TbHUMM
YMOBaMK BOSIOrocTi € 3HadeHHs 'TK =< 0,6 abo 'K > 1,5. INirpomopu TpUtmkKase 03MMoro i
MWeHNLi M’SKoT 03MMOi (hOPMYHOTb €KOJTOMiYHI YITKO BM3HAYeHi Fpynu no BiAHOLLUEHHIO [0
YMOB BO/IOrOCTi. MPUHANEXHICTb reHOTMMIB 3ePHOBMX A0 NEBHOT FrpOMOpPX CBIZYMTL NPO Te,
O camMe B KOHKPETHMX YMOBax 3BOJSIOKEHHS edadpoTony, reHOTUN i3  HainbifbLIOK
MIMOBIPHICTIO MOXXe OCAIT CBOET MaKCMabHOT NPOAYKTUBHOCTI i1 MOBHOK) MipOH PO3KPUTY
CBOI (PYHKLiOHa/IbHI BNAcTUBOCTI. TOMY FirpomMopdm AOCAIMKYBAHUX O3UMUX KyNbTyp MW
PO3rNAAaEMO SIK ayTeKONMOriyHy Ta CMHEKO/OTiYHY KaTeropii, W0 BifobpaxatoTb OAWH i3
HanpsIMKiB €KOOrYHOT KOHLEeNTYyanizauil yrpyrnoBaHb POC/MH.
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baraTopiuHi AOCNIMKEHHS COPTIB Ta MiHIA TpUTUKane i MNLeHWLUi SK OKPeMUX
eKOMOP®IYHMX TFeOLEHOKOHCOPLiA 332 NPOsSIBOM  FEHOTMMOBMX Ta  (PEHOTUMOBKX
XapaKTepUCTUK JO3BOMNMN PaHXKyBaTK iX 3a TPOPOMOP(HICTIO, a caMe Ha:

— MeraTpogu — reHoTunu Tputukane: Bisate HociBebke, MiweHnYHe, JAY 5, YasH,
Ennaga YopHoocTucTe; reHotunu  nweHuui: Hocwna 100, TMpuaecHAHCbKa
HaniskapnmkoBa, KC 14, KC 5, KC 1; Hocwna 100, KC 22, KC 16, KC 21 — ekomopu, Lo
BUMOT /MBI IO POAKOYOCTI I'PYHTY i YYT/IMBI [0 €NIEMEHTIB MiHEPASIbHOIO KUB/MEHHS;

— Me30TPo(M — reHoTUnM TpuTukane: ABrycTo, Aryap, 3epHOYKICHe; reHoTUnm
nweHuui: 3opsHa Hociscbka, tOBiBaTa 60, J1 4696/96 — ekomopdw, AKi NOMIPHO
BUMOI/IMBI [0 POAIOYOCTI IPyHTY i 3aiiMatoTb MPOMDKHE MicLe MK oniroTpogamu i
eBTpodamu;

— ONiromMe30Tpoy — reHoTUNM TpuTKKane: CnaseTHe, CnaseTHe noninweHe, JAY 5 —
eKoMop®K, Lo HeBMGArnMBi A0 POAKOYOCTI FPYHTY Ta Ky/bTYpW 3eM1epooCTBa.

Tpodomopthn OAHIET i Tiel camol eKONOrivyHOI rpynu BigpisHAKTLCS cneundiuHumuy
Ta HecneuyugivyHMMKM ocobnmeocTsmMu TpodiuHmx noTpeb (Belgard, 1950; Belgard and
Markov, 1987). ¥ pe3ynbTaTi HalwuxX AOCNigKeHb BCTAHOBMEHO, WO Ha (POHI 3MiH YMOB
HaBKOMINLLIHBLOrO MPUPOAHOTO CepefoBvLla eKomMopdu 3aaTHI A0 (PAYKTyauiiHUX 3MiH
MopgoTUNy, 3aNeXHO Bif TPodo- Ta FirpoMOpPGiYHMX XapaKTePUCTUK Ta 0COONMBOCTEN
CNiBBiHOLLEHb LLleHOMOP(IYHNX BUAIB.

Lle nigTBEPMKYETLCA peakLieto reHOTUMNIB Ha POAIOYICTb IPYHTY (3a 6aoM GOHITETY)
Ta Ait0 MiHepa/ibHMX gobpwe (puc. 1 A, B). Hamu BcTaHOB/EHO, WO 6iflblu 3anexarsb Bif
3a6e3neyeHoCTi I'PYHTIB MOXWUBHOK PEYOBMHOK CepeaHbopoCai i KOPOTKO-CTe6/10BI
reHoTUMK, AiKi, B CBOK Yepry, Hanexartb [0 pi3HMX rirpomopd — ue Bisate HociBebke,
MuweHnyHe (kcepomeszodiT) Ta AAY 5, YasaH, YopHoocTucte (Mesorirpodit). Coptu
CnaBeTHe Ta CnaBeTHe nosinLueHe 3a TPOPOMOPMDHICTIO BiHECEHO A0 NMPOMIKHOI Fpynn i
3AaTHi hopMyBaTV BUCOKI BPOXKai 3a HM3bKOI POAHOYOCTI I'PYHTIB.

© 6,3 1 <o
= o o °n
©
z & n
o A
Q424 o
il
8 L
I
3 2,1 8
ES
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A BoHiTteT arporpyn rpyHTis, 6an

© CnasetHe nosiinwene: y = 2,19x — 3,15 + 0,57x% R*= 0,9
B 1AY 5:y = 3,0935x — 7,9876 + 0,7x%R? = 0,95
A Bisate Hociscbke: y = 3,23 — 8,6 + 0,45x%; R? = 0,41

Puc. 1A. TpodomopthHiCTb ekoMopd TpUTUKane
031MOr0, 3a/1eXKHO Bif, POAKYOCTI I'PYHTIB, CepeaHe 3a
2005-2013 pp.; 6an 60HiTeTy: 74—-60 — Ans ymoB
LleHTpanbHoro JlicocTeny; 52—-46 — nepexifHoi 30HM
Nicocten-Moniccs; 37-30 — Moniccs; Byca - gucnepcis

BuBYeHHA nNuTaHb 3 (DOPMYBAHHSA 3aralbHOI (POTOCUHTETUYHOT MPOAYKTUBHOCTI
(3%0M) fo3BONMNO BCTAHOBUTU, WO A1 HANMNPOAYKTUBHILWMX COPTIB Bif IHTEHCUBHOCTI
(hOTOCVHTE3Yy Halibinbwo Mipo (B cepefHbOMY A0 24 %), MOPIBHAHO 3 IHWWMW
NOKa3HUKaMW, 3a1eXxnTb POopMyBaHHS Konocy. 3a yyacTio ctebna i anctd, 3Md ana H13Km
coptiB (CnasetHe, OAY 5, YasH, MweHnyHe, CnasBeTHe noninweHe, ABrycro, Aryap,
Ennaga, YopHooctucte, 3epHoykicHe, BiBate HociBcbke) ctaHoBUTL 38 i 43 %, OKpim
copTis Ennaga i Aryap. Ons cepefHbOPOCAWX COPTIB TpuTMKane 03umoro (CnaseTHe,
CnaBeTHe nmoniniueHe, ABrycTo) HaliBULLMA piBeHb (OTOCUHTETWYHOT MNPOAYKTUBHOCTI
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Puc. 1 B. TpohomopHicTb eKoMopd TpUTMKaIE 03MMOrO,
3a/1€)KHO Bij pOAIOYOCTI I'PYHTIB i 403 MiHEpa/IbHUX J06pUB,
cepefiHe 3a 2005-2013 pp.; 6an 6oHiTeTy: 74-60 — ans ymoB
LleHTpanbHoro Jlicocteny; 52—-46 — nepexifHoi 30HK JlicocTen-
Moniccs; 37-30 — Moniceg; Byca - gucnepcis

3a1eXUTb Bif, CepefHbOT NAOLi IMCTKA. 3a NPOLYKTUBHOK (DOTOCUHTETUYHOIO LiANbHICTIO
Ta YPOXaWHICTIO 3epHa BM3HAYEHO MEXi €KO/OFiYHOro ONTUMYMY 3afieXXHO Bif YMOB
eKoToniB, CTPOKIB CiBOW, [03 MiHepasbHUX A06pMB. 30Kpema, ANa CepefHbOCTUIIoro
copty CnaBeTHe fiana3oH €KOMOriYHOro ONTUMYMY 3a CTPOKamu CiBOM npunagae Ha
10-30 BepecHa — 1-5 »o0BTHs an1s JlicoctenoBoro Ta Jlicocten-ronicbkoro ekoTonis Ta
10-25 BepecHs — MonicbKoro ekoTony; 3a 4030 MiHepasibHUX 406puB — N3g 40P goKog |
N 40_60P90Koeo, BigMoBigHO. 515 cepefHbOPaHHLOrOo, CTIKOro A0 BUAIsSiTaHHA COpTy Bisate
HociBcbke 3a CTpOKamy CiBOM €KOMOriYHUiA onNTUMyM npunagae Ha 10-20 BepecHst s
ymoB Jflicocteny, 5-20 BepecHss — JlicocTen-Moniccsi, 3a 030K MiHepanbHUX A06pUB —
N 60-120 P 90-120 K 90-120 i N 90-120 P 90-120 Kg0-120, BiAﬂOBi,ﬂ'HO. BcTaHoBneHo, Lo B Ll,eHTpaanii/'l
yacTuHi JlicocTeny KOpOTKOCTe6/10Bi, cepeaHbOCTUrNi coptv OAY 5, UadH Ha doHi
N3gPgoKgo Ta N3pi30PgoKgg 3a CiB6M 3 15 BepecHs [0 15 XXOBTHS (POPMYHOTb BMCOKI Ta
cepefHi NOKasHWKU POTOCUMHTETUYHOT MPOLYKTUBHOCTI. Lle fossonuno gudepeHuitoBaTtu
COpPTM TPUTUKaSE 3a YYTIUBICTIO A0 TPUBANOCTI CBIT/IOBOIO HA Ha:

— BMCOKOUYT/IMBI — FEHOTMMM 3 BUCOKMM MOTEHLAIOM YPOXKaliHOCTI Ta AKOCTi 3epHa
(Bisate Hociscbke, MileHnyHe);

— CepefHbOYYTMBI — FeHOTUMK, LLO 3a6e3MeyyoTb MaKCUMabHUIA YPoXKaii 3a pisHunx
CTpoKiB ciBbu (CnaseTHe, CnaBeTHe noninweHe, JAY 5, YasH, YopHoocTucTe);

— MPOMI>KHI — reHOTMNK, WO (OPMYHTb BMCOKY BPOXAMHICTb | SIKICTb 3epHa 3a
ONTUManbHUX CTPOKIB CiB6Y (ABrycto, Aryap, Ennaga).

[na reHOTVNIB TPUTMKaNE O3UMOrO LLOAO NWTaHb CTPOKIB CiBOWM MOTPIOHO NigxoanTu
iHAMBILYabHO ANA YHUKHEHHS HEGaXKaHMX eKOMOTIYHIX YAHHIIKIB | BTPAT ypoxkato (Tabn. 2).
Bucoka 4yTAmMBICTb LUX TeHOTUMIB A0 TPWMBAIOCTI CBIT/I0BOMO [AHSA 3YMOB/IOE OifbLu
paHHIn noyaToK (hopmyBaHHs (DITOLEHO3IB Ta, BiAMOBIAHO, paHHIl 36ip BWUCOKOrO Ta
SKICHOrO BpOXaro, L0 Bupillye npobnemy 360py BpOXak 3epHa TpUTUKane y 30Hi
HEeCTIAKOro 3B0NIOXEHHSA. MeHOTUNKU TPUTMKane 03MMOoro nepiuoi rpynu (Bisate HociBcbke,
MweHnYHe), BUBEAEHI B YMOBax nepexigHoi 30HM Jlicocten-Moniccs, — e, 34e6inbLIoro,
PaHHbLOCTUI NI, PE3UCTEHTHI O HECMPUATIMBUX BUCOKMX TEMMEPaTyp, BUCOKOIHTEHCUBHI
COpTMW flicOCTENOBOro ekoTuny. CopTy TPUTKKane 03MMOr0 3 CepefHbOoI YYTAMBICTIO 0
TpuBanocTi CBiTNOBOro [AHA — CnaseTHe, CnaseTHe moninweHe, OAY 5, UasH,
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YopHoocTucTe, — Lie CepefHbOCTUII, PE3VNCTEHTHI O HECMPUATMBUX HU3bKUX | BUCOKMX
Temnepatyp. Lli copTu 3a6e3nevytoTb BWCOKY YPOXAMHICTb 3epHa SK 3a PaHHbLOrO,
ONTUMA/ILHOTO, TaK i 38 Mi3HLOr0 CTPOKIB CIBOM, OCKIfIbKN (HOPMYHOTb MEHLL MOTY)XXHY Ha3eMHy
BEreTaTvBHy Macy nepes npunyMHeHHsIM BereTaLil BOCEHW Ta paHO HaBeCHI Mic/1s BifHOB/IEHHS
Beretauii. Lle [03BOMSE 3a3HayYeHUM BULLEe ekomopdiaM MPOTUCTOATU  HECMPUSTIMBUM
GIOTUYHUM YMHHUMKAM, & HATOMICTb He 3aCTOCOBYBATW 3aCO0OM XIMIYHOrO 3aXWUCTY POC/IH.
BifoMO, L0 YMHHMKM HAaBKOMMLLHLOTO MPUPOAHOrO CepefoBuLLA MO-Pi3HOMY BM/IMBAKOTh Ha
Tpodho- Ta rirpoMopdu. 3acTocyBaHHA NIABMLLEHMX [03 MiHepaibHWX LOOPUB NiABULLLYE
NpoJyKTVBHICTb MeraTpois (BiBate Hociscbke, MweHnuHe, OAY 5, YasH, Ennaga
YOpHOOCTHCTE) i, HaBiTb, 33 YMOBU BUPOLLLYBaHHSA Ha HU3bKO POAHOUMX IpyHTax. BCTaHOBEHO,
IO COpPTW TPUTUKAIE O3UMOFO, MO BIAHOLLUEHHIO [0 KOHKPETHO! A03K (POCOPHO-KaniliHnX
[06pyB, NO-PI3HOMY pearytoTb, 30Kpema, 3a BMICTOM BYT/IEBOAIB Y By3/i KyLLeHHs (Tabn. 3).
[na copTy CnaBeTHe MoniniieHe 3acTocyBaHHs PgyKgy MiABULLYE BMICT 3arafbHUX LLYKPIB Y
BY3/i KyLLEHHS Ha 16,8-17,4 %. 3acTOCyBaHHSI BOCEHW MiHEPa/IbHOro a30Ty Y A03i N3 Ha (hoHi
thochopHo-KaniiHnx aobpue BiporigHo (p = 0,95) 36iMblUye HArpOMaMKEHHS 3arasbHUX
LKpiB i1 N iHLWmX copTiB — AAY 5, ABrycTo.

Tabnuua 2

UyTNnBICTb EKOTUMIB TPUTUKAE 03MMOr0 [0 TepMiHiB CiBOU 3a TPUBANICTHO OCIHHBLOI
BereTauil, (cepeaHe 3a 2007-2013 pp., LieHTpanbHuid MlicocTen YKpaiHn)

CTpoK ciB6u
1-10 BepecHs 10-20 BepecHs 20-30 BepecHs 1-10>k0BTHA
Hassa 0 o] = n .9 = n .9 = n . \© =
opy |E5=| £E |E5%| ¢f |E5%| ££ |Egs| ¢f
SES| S |R3EZ| SS9 |33 S« |RES| 5«
1] q‘_) e} X I 1] q._') [} X I 1] q._') [} X I 1] q‘_) e} X u
S o O 2 o s o © 5] o s o © S o S oo O o o
o m O [} o m O [} o m O [} o m O [
= o) % ™ = o % ™ = o % ™ = 0 % [32]
ALl 256 55 47 51 58 32 55 18 4
(ct)
OAY 5 62 42 55 4,7 36 4,6 25 44
Bisare 60 51 50 48 28 4 10 36
Hociscbke
CnaBeTHe 57 5 56 6,2 30 6 20 4.8
HIPgs 2,8 0,14 42 0,27 1 0,5 3,3 0,22
Tabnumus 3

BMicT 3araibHuX LKPpiB y By3/i KyLLEHHSA TPUTUKasIe 03UMOT0, 3a/1eXKHO Bif, 403u
MiHepasibHUX J06pUB i reHoTUNY (cepefHe 3a 2008-2013 pp., JlicocTen YKpaiHu)

BwmicT 3aranbHuX Lykpis, %
HasBa copty BapiaHTW JOCHIPKEHb

6e3 106puB

(Korﬂrpo?‘lb) PsoKeo PaoKoo N30PsoRs0 N30PgoRgo
AL 256 (st) 29,4 29,5 39,7 33,3 39,5
CnaBeTHe 27,5 31,5 40,5 38,6 427
OAY 5 29,5 30,5 38,7 38,3 41,1
BiBate HociBcbke 23,5 24,6 35,5 29,9 375
MuweHnyHe 23,5 24,2 36,6 29,1 36,5
ABIycTO 24,6 21,7 35 36,3 37,6
YopHoocTucTe 27,2 30,6 37,4 35,5 34,5
CnaseTHe 333 35,1 42,2 38,7 42,3
noninLueHe
HIP s 4,4 6,3 1,8 3,9 2,2
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BcraHoBneHo, w0 ekomopdm Bisate HociBebke, [MweHunyHe, AAY 5, YasH,
YopHoocTucTe, 5iKi BigHeceHi Ao rpynu Meratpod), Ha 36iAHEHNX Ha OpraHiuHy PevoBMHY
'PyHTax (hOpPMYHOTb HU3bKY YPOXAMHICTb Ta SKiCTb 3epHa, € CabO0KOHKYPEHTHUMM MO
BiJHOLLEHHIO [0 CereTa/lbHOI POCAMHHOCTI | MeHLW TONepaHTHUMMU NPOTU 30YAHWKIB
rpMbKoBMX 3axBoproBaHb. Lilo cuTyauilo BOAETbCA HiBenoBatM  NigbopoM  iHLWKX
reHoTuniB abo LUNAXOM 3aCTOCYBaHHS OPraHiYHMX i MiHepasbHUX LO6PWB, MIKPOOGHUX
npenaparis. 3arasioM, pe3ynbTaty 6araTopivyHMX [OCNIMKEHb, NPOBEAEHUX Y Pi3HUX
eKoTonax, fasm 3Mory rpynysaTv eKOMopgu TpUTUKane Ta NieHnLi M’ Ko 03UMOT i 3a
PIBHEM MPUHANEXHOCTI 40 MEBHOMO EKO/OTIYHOI0 YMHHUKa (Tabn. 4).

3rifHO 3 HaBefeHMMM fAaHuMW B Tabnuui 4, BWAHO, WO [AeSKUM reHoTMnam
(CnaBeTHe, CnaseTHe noninweHe, JAAY 5, UYadH, YopHooctucTte; HOBiBata 60,
MpugecHsaHcbKa HaniBkapankosa, KC 1, KC 5, KC 16, KC 22, J1 4696/96) npuTamaHHWii
BUCOKMIA piBeHb crnewianisalil 1o/40 eKoNoriyHnx pexxumis 3oH Moniccsa Ta JlicocTeny.

Tabnuus 4
MpeepeHuil eKoMopd TPUTMKaASIE 03MMOTO i MLLEHWL M’ AKOT 03UMOT
{0 EKOMOTYHUX YMHHUKIB

EKonoriynuii
YUHHUK

NimiTytoumnii NPosiB YAHHKKA (PiBEHb NPUHANEXHOCTI)

BMCOKa cepesfHs HVKYe CepeaHbOro
CnaBeTHe, A/], 256,
CnaBeTHe MOoNinLleHe, . .
Pexxum Asrycro; KC 17 BiBaTe HociBchbke,
3BO/IOXKEHHS [OAY 5, YasaH, AsrycrTo, 11 4696/96: f’OBiBaTE; 60 MweHnyHe; KC 1,
rirporony YopHoocTucte Hocu,Jna 100 ' KC 5, KC 14, KC 16,
(F'TK) ' KC 21, KC 22
[NpupecHaHCbKa
HaniBKap/IMKoBa
TpotivHuii Bisate Hociscbke, JAY ABrycTo, flryalp,
PEXUM 5, Ennapa, YasH, 3epHOYKiCHe;
TpodhoTory YopHoocTucTe, I'Ipl_/l,n,eCHﬂHCbKa CnaBeTer, CnaBeTHe
(n06pvea MuweHnyHe; KC 1, KC 5, HamBKapnvu_(osa, rnoninweHe
nonepe,qH,MK) KC 14, KC 16, KC 21, 11 4696/96; HOBiBata 60,
KC 22 Hocwna 100
BiBate Hociscbke; A[l 256, CnaBeTHe;
. Hocwna 100, KC 1, MpugecHsaHcbKa
CTpoku cisbu KC 5, KC 14, KC 17, HaniBKapI1KoBa, AAY'5
KC 21, KC 22 1 4696/96, KOBiBaTa 60
CnaBeTHe, JAY 5,
CnaBeTHe noninuieHe,
. YasH, KC 1, KC 5,
diTonaToreHHi . A'D' 256, Bigare . | KC14, KC 16, KC 21,
YHHHTKN Ennapa, 3epHoykicHe HociBcbke, MWEHNYHE; KC 22
Hocwna 100, J141/95, !
MpunaecHAHCbKa
HaniBKapI1KoBa,
tOBiBata 60
Omxke, ekomopdivyHa AngepeHuialis UMX COPTIB MigKPECNOE TXHIA  piBeHb

cnevjianisauii Woao0 eKoNoriyHMX YMHHWKIB | € NiArpyHTaM Ana cTpaterii opMyBaHHS
BMCOKONPOAYKTUBHMX (DiTOLIEHO3IB Triticeae B KOHKPETHOMY €KOTOi.

BNCHOBKW

1. BUBYEHO HOBI reHOTMNK NiICOCTENOBOrO Ta NOAICLKOro eKOTUNIB 3 TPUbYK Triticeae
B acnekTi B3aeMOgil [ABOX CUCTEM: OpraHi3Mmy (reHoTuny) Ta HaBKOMLLHBOTO NPUPOAHOrOo
CepefoByLLA Ha ayT-, eM- Ta CUHEKONOriYHOMY pPiBHAX. OfepXkaHi Hamu faHi J03BONAI0Tb
NigBULLUTM NPOAYKTUBHICTb arpoOeKOCUCTEMMU B LIiNOMY Ta OTpUMyBaTW CTabinisyrouy
NPOAYKTUBHICTb Ky/bTYp Yepe3 Kpally BifnoBifHICTb Ta afanTUBHICTb reHOTUMIB YMOBaM
HIMC B KOHKPETHUX eKoTOoMax.
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2. CopTv Ta MiHIT TpUTMKane i MuweHULi M’SKOi 03UMOT, AOCNIAKEHNX Ha Pi3HMX
PiBHSIX iHTerpauii, A03BONNNO BUSIBUTK iXHi MOP(ONOriYHi, 6GioNOriYHi Ta eKOMOoriyHi
BiIMiIHHOCTI, Ha nigcTaBi 4oro reHoTMnu audepeHLiioBaHO 3a TirPOMOPQHICTIO —
MPUCTOCOBAHICTIO 10 YMOB 3BOJIOXEHHS, 30KpeMa Ha:

— rirpomopdu 419 YMOB HEAOCTATHLOTO Ta NOMIPHOro (HecTilikoro) 38oo>keHHs (MK —
< 0,6 i < 1): Bieate HociBcbke, lMLeHNYHe (TPUTUKANE HaniBKap/IMKOBOIO TUMY PO3BUTKY);
KC 14, KC 5, KC 1; KC 22, KC 16, KC 21 (nLueHuLa HaniBKapIMKOBOro TUMY PO3BUTKY);

— rirpomopu 4nd yMOB [OCTATHLOr0 Ta HagmipHoro 3sonodkeHHs (MK = 1
i >1,5): JAY 5, Ennaga, Asrycto (TpuTukane); KC 17, J14696/96 (nweHunus);

— TirpomMopcn 3 BMCOKO BMPa>KEHOKW ajanTauietd 40 YMOB HefoCTaTHLOro Ta
MOMIPHOTO 3BOMOXKEHHA | [OCTATHLOTO Ta HagMIPHOTO 3BONOXKEHHS:: CnaBeTHe,
CnaseTHe noninweHe (Tputukane); HOBiBata 60, Hocwna 100, [MpuaecHAHCbKa
HaniBkapMkosa, 3opsaHa Hociscbka, KC 7 (NweHuus), Lo A03BOMNIN OJEPXKaTU YSB/EHHS
Mpo eKONOriyHe Po3MaITTa YrpyroBaHb TPUTMKaAE 03MMONO I MLIEHNL M’SKOT 03MMOI.

3. baraTopiuHi gocnigpkeHHs COPTIB Ta MiHiA [403BONMAM  paHXyBa X 3a
TPOhOMOPHICTIO Ha:

— MeraTpotu — BUMOT/IBI O POAKOYOCTI 'PYHTY i YyTAMBI [0 BHECEHHS €IEMEHTIB
MiHepanbHOr0 XXMBNEHHA (reHoTUnu TpuTukane: Bisate Hociscbke, MweHnuHe, JAY 5,
UasH, Ennapa, YopHoocTucte; reHotunu nweHudi: Hocwna 100, [MpuaecHAHcbKa
HaniBkapnukosa, KC 14, KC 5, KC 1, KC 22, KC 16, KC 21);

— Me30Tpod¥ — NOMIPHO BMMOT/IMBI 4O POAHOYOCTI IPYHTY i 3aiiMatoTb NMPOMIKHE
micue MK oniroTpodamn i esTpoamu (ABrycto, fAryap, 3epHOYKICHE; reHOTUMM
nweHuyi: 3opaHa Hociscbka, KOBiBata 60, J1 4696/96);

— oniromMe3oTpotn — HeBMGArMBI A0 POAKUOCTI IPYHTY Ta KyNbTypu 3eMnepobcTea
(CnaBeTHe, CnaBeTHe noninweHe, JAY 5).

Tpodomopthn OAHIET i TiEl camol eKONOrivHOI rpynu BigpisHAKTLCS cneundivHUMuy
Ta HecneumdiyHNMU 0COBAMBOCTAMU TPOGIUHKX NOTPED.

4. Exomoptu TpuUTMKane 03MMOr0 i MLUeHULi M’SKOT 03MMOi AudiepeHLiiioBaHO 3a
YyTAMBICTIO A0 TPUBAIOCTI CBIT/I0BOrO AHA Ha:

— BUCOKOYY T/IMBi — reHOTWMMW 3 BUCOKMM NOTEHLiaNoM YPOXKalnHOCTi Ta AKOCTi 3epHa,
30Kkpema TpuTukane: Bisate Hociscbke, [lweHuuHe; nweHuyi: MpuaecHsHCbKa
Haniskapnvkosa, Hocwna 100, KC 1, KC 5, KC 14; KC 21;

— CepeHbOYYT/IMBI — FEHOTUNW, WO 3a6e3redytoTb MakCUMa/TbHUIA YPoXKail 3a PisHUX
CTPOKiB ciB6u (CnaeeTHe, CnaBeTHe noninieHe, AY 5, YasH, YopHooctucte; KC 22, KC 16);

— MPOMIDKHI — FeHOTMNYK, WO (OPMYHOTb BMUCOKY BPOXAMHICTb | SKICTb 3epHa 3a
ONTUMa/ILHUX CTPOKIB CiBOU: TpuTukane (ABrycto, Aryap, Ennaga), nweHunys (Hocwna
100, KC 1, KC 5, KC 17, KC 21, KC 22).

L5 reHoTVNiB TPUTMKaE 03MMOr0 Ta MLIEHULi M’SKOT 031MOT LLIOAO0 NUTaHb CTPOKIB
ciBbU NOTPIOGHO NigXOAMTW IHAMBIAYaNbHO ANA YHWKHEHHS HebaxaHWX eKonorivyHuX
YMHHUKIB | BTPAT YpOXKato.

5. BcTaHoBMEHO, WO ekomoptu TpuTukane (Bisate Hocisebke, MweHnyHe, JAY 5,
YagH, YopHoocTtucte) i nweHnwi m’axoi (Hocwna 100, MpuaecHAHCbKa HaniBKap/nKoBa,
KC 1, KC 5, KC 14; KC 16, KC 21, KC 22), aki BifHeceHi Ao rpynu meratpod, Ha
36i4HEHNX Ha OpraHiyHy peyoBUHY IPyHTaX (OPMYIOTb HU3bKY YPOXAMHICTb Ta AKICTb
3epHa, € CNaboOKOHKYPEHTHVMW MO BiJHOLUEHHO A0 CereTasibHOi POCAMHHOCTI | MeHLW
TOMEPaHTHUMKN MPOTW 30YAHWKIB TPUOKOBUX 3axBOproBaHb. Ll0 cuTyauilo BAaeTbes
HiBenoBaTh MiA6oPOM IHLLIMX TFEHOTMNIB ab0 LUMAXOM 3aCTOCYBaHHSI OpraHiYHUX i
MiHepanbHUX J06pUB, MiKPOBHMX Npenaparis.
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UDK 581.45:581.522.4 Institute for Evolutionary Ecology of the National
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Lebedeva str., 37, Kyiv, Ukraine, 03143

FUNCTIONAL ANATOMY AND MORPHOLOGY
OF LEAF CAMPANULA SIBIRICA L.

Abstract. The functional anatomy and morphology of leaf Campanula sibirica L. in
different habitat conditions are investigated: in the Donetsk Botanical Garden of NAS of
Ukraine (Donetsk, south-east of Ukraine, steppe zone) and in the Crimea: 1) Range Echki-Dag
(south-east coast of the Crimea), Kara-Oba; 2) Bakhchisarai, Calais. Comparison leaf
parameters different versions of the experiment was carried out using a statistical test ANOVA.

Comparison of anatomical and morphological parameters of rosette leaves of C. sibirica
in two localities in the Crimea showed that in arid conditions of the Crimea (Calais) increases
the thickness of leaf, mesophyll, abaxial epidermis. The number of cells on the abaxial side of
leaf is not changed, the number of stomata, epidermal-stomatal (SEI) and pore-stomatal (SPI)
indices are decreased, while the stomatal size is increased.

It was found that in more arid growing conditions (Crimea, Calais) leaves of different
formations C. sibirica are large values of specific leaf area (SLA), the stomatal size, lower
values of leaf area (S), weight of dried leaf (M) compared with Donetsk.

Revealed that the responses to changing environment conditions are 1) to increase the
number of links the functional leaf parameters and their closeness, 2) quantitative changes in
stomatal-epidermal complex and the internal leaf anatomy. The most significant are the
changes in stomatal complex, since it is linked with important adaptive traits of plants. In more
severe conditions habitat of C. sibirica: 1) decreases palisade coefficient and stomatal density,
increases their size with increases index (I) of rosette leaf; 2) significant changes occur in
stomatal density on the abaxial side (increases) and stomatal length (decrease) with increases
weight of cauline leaf, ratios M1/M, M /S, leaf thickness, mesophyll thickness. The length of
petiole of rosette leaf (Lp) is linked with leaf weight, M/S, tcm/tl. By increasing the length of
the stomata (Ls) increases the specific leaf area (SLA). The length of the stomata (Ls) is
positively correlated with leaf index, tsm/tl and tle/tl, negatively with tcm/tl, palisade
coefficient (k). Stomatal pore-index (SPI), which is associated with a complex adaptive traits
of plants, defining the strategy of their function, positively linked with tcm/tl.

The adaptive traits of plants C. sibirica at: 1) rosette leaves — increases mesophyll
thickness, in particular columnar mesophyll, abaxial epidermis, specific leaf area (SLA), a
decreases area and weight of leaf, length of the petiole, the number of stomata, stomatal pore-
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index (SPI) with a simultaneous increases stomatal length; 2) cauline leaves — increases
mesophyll thickness, specific leaf area (SLA), a decreases area and weight of dried leaf,
increases the stomatal width. The fact that the cauline leaves function and provide vital activity of
plant in the most extreme temperature and humidity period causes a greater number relations of their
functional parameters and closeness of links compared with rosette. In more arid habitat conditions
leaves of different formations C. sibirica are characterized by high photosynthetic energy use
efficiency (PEUE), and low water use efficiency (WUE).

Key words: functional anatomy, stomatal-epidermal complex, functional morphology,
leaf, adaptive trait.
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PYHKUIOHA/IbHA AHATOMIA N MOP®ONOT 1A
JIMCTKA CAMPANULA SIBIRICA L.

AHoTauis. JocnipkeHo yHKUiOHaIbHY aHaToMito i mopdhonorito nnctka Campanula sibirica L.
B Pi3HMX YyMOBax iCHyBaHHA. [IOpPiBHAHHA MNapameTpiB NMCTKa B Pi3HMX BapiaHTax Jocnigy
NMPOBOAWMN 3 BUKOPUCTAHHAM cTatuctuuHoro tecty ANOVA. BwusBneHo, WO BiANOBIAHAMU
peakuisMy Ha YMOBM CepefoBuLLa, WO 3MIHIOETbCA €: 1) nigBULLEHHS KiNbKOCTi 3B'A3KiB
(hYHKUiOHabHMUX NapaMeTpiB SINCTKA i TX TICHOTW, 2) KiNbKiCHI 3MiHX B NPOAMXO0BO-eNifepMasibHOMY
KOMMAEeKCi Ta BHYTPILIHLOT aHaToMii MCTKa. Halibinbw 3HauywyMy € 3MiHW B MPOAWMXOBOMY
KOMM/EKCi, TaK fIK BiH MOB'A3aHUIA 3 BAXKIMBUMMW aAanTVBHUMK O3HaKaMy POC/IVH. BussneHo, Lo B
HalbiNbLL >KOPCTKMX YMOBaxX iCHYBaHHS PO3MIp, MOWa i Bara Cyxoro JMCTKa PisHWX hopmaiii
C. sibirica 3meHwWYyOTbCA. AganTyBHI 03HakK pocanH C. sibirica Ha piBHi: 1) po3eTKOBOro N1CTKa —
36iMbLUEHHS TOBLWMHM Me30dify, 30KpemMa CTOB6YATOro, abakcianbHOro enigepmicy, NMMTOMOI NAoLLi
nncta (SLA), 3MeHLLEeHHS NOLL | BarM NUCTKa, JOBXMHMW YepeLlka, KiNnbKOCTi Mpoauxis, NpoAMX0BO-
nopoBoro iHgekcy (SPI) 3 ofHOYaCHWMM 36iMbLUEHHAM LOBXMWHU NPOAMXIB; 2) cTe6i0BOro MCTKa —
36i/bLLUEHHSA TOBLUMHM Me30(iny, NUTOMOI nnowi nmctka (SLA), 3MeHLUEeHHS Mol i Barn cyxoro
JINCTKA, 36iNbLUEHHSA WMPUHK NpoamnxiB. Toli (akT, Wwo cTe61oBe AUCTS (PYHKLIOHYE i 3abe3neuye
XWUTTERIANbHICTL POCAMHM B HalibiNbll eKCTpeMaslbHWiIA 3a TeMMepaTypor i BOMIOrow nepiog,
06yMOBOE BifbLLY KiNbKiCTb 3B'A3KIB MOr0 (DYHKLiOHaIbHUX 03HaK Ta iX TiCHOTY B MOPIBHSAHHI 3
PO3eTKOBUM. Y 6ifbll NOCYXOCTIKMX YMOBaxX iCHYBaHHA NUCTA pisHUX dopmauin C. sibirica
BifIPI3HSETLCA BMCOKOH e(heKTUBHICTIO BUKOPWUCTaHHS eHeprii dotocuHTedy (PEUE) Ta HM3bKOHO
epeKTUBHICTIO BUKopucTaHHs Boan (WUE).

KniouoBi  croBa:  (DyHKUiOHaNbHA  aHaTOMis,  MPOAWXOBO-enifepManbHUn  KOMMEKC,
(byHKLiOHaNbHA MopchoNoris, MMCT, afanTUBHA O3HaKa.

YOK 581.45:581.522.4 . N. Kpoxmanb KaHf,. 610/. HayK, CTap. Hayy. coTp.

WHCTUTYT 3BontoumMoHHON akonormn HAH YkpanHbl,
yn. Nlebegesa, 37, r. Kues, YkpauHa, 03143,
Ten.:+38095-401-99-78, e-mail: dies_irae78@mail.ru

OYHKUMOHAIbHAA AHATOMNA N MOP®ON0I A
NNCTA CAMPANULA SIBIRICA L.

AHHoTauus. MccnepgoBaHa (hyHKUMOHaNbHas aHaTomMusi U Mopdonorua nucta Campanula
sibirica L. B pa3HbIX yCnoBusix o6uTaHusa. CpaBHeHWe NapaMeTpPoB NUCTa B pasHbIX BapuaHTax onbiTa
NPOBOAMAN C UCMOMb30BaHWEM cTaTtucTudeckoro tecta ANOVA. BbiiBIEHO, YTO OTBETHLIMU
peakuusaMn Ha YCNOBUA MW3MEHSIOLLECs cpedbl ABNAIOTCA: 1) MOBbILWEHME KONWYECTBa CBA3EN
(DYHKUMOHANbHbIX MapameTpoB /INCTA U UX TECHOTbI, 2) KO/IMYECTBEHHbIE U3MEHEHUS B YCTbUYHO-
3NMAEPMa/IbHOM KOMIIEKCE W BHYTPEHHE aHaToMum nucta. Havbonee 3HauMMbIMU ABNSKOTCA
N3MEHEHNsA B YCTbUYHOM KOMIJ/IEKCe, TaK KaK OH CBf3aH C BaXXHbIMW afjanTUBHLIMK MpU3HaKaMu
pacTeHuin. BbifBIEHO, UTO B Hanbosee XECTKUX YC/IOBUSX CYLLECTBOBaHMS pasmep, Nowaab 1 Bec
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BbICYLLEHHbIX IMCTbeB pa3HbIX opmaumii C. sibirica ymeHbLIarOTCs. AAanTMBHbIE MPU3HAKK
pacteHuin C. sibirica Ha ypoBHe: 1) pPO3eTOYHOrO MCTa — YBE/IMYEHME TOMLWMHbLI Me3ohuana, B
YaCTHOCTM CTON6YATOr0 Me30urnna, abakCMasbHOro anuaepMuca, yaensHou nnowaam nucta (SLA),
YMeHbLUEHVe MOWaAN 1 Beca NINCTA, A/IMHbI YepeLlKa, KOM4YecTBa YCTbUL, YCTbUYHO-MOPOBOro
nHpekca (SPI) c 0ogHOBpPEMEHHBIM YBEIMYEHWEM [JIHBI YCTbULA; 2) CTe61EeBOr0 IMCTa — YBEIMYEHNE
TOMWMHBI  Me30(mnna, yAenbHol nnowaan nucta (SLA), ymeHblueHMe n/owaanm u  Beca
BbICYLLEHHOTO /IACTa, YBEAWYEHME LUMPUHbI YCTbWLA. TOT (hakT, 4TO CTebneBble /INCTbSA
(hYHKUMOHMPYIOT 1N 06ECneunBatoT XN3HeLeATeNbHOCTb pacTeHUs B Hambonee 3KCTPeManbHbIV MO
TemnepaType 1 Bnare nepvog, o6ycnoBvBaeT GO/blUee KOMMYECTBO CBA3el X (PYHKLMOHAIbHBIX
napamMeTpoB U UX TECHOTY B CPaBHEHWUM C PO3ETOYHbIMU. B 3aCyLLNMBLIX YCNOBMAX 0BUTAHWUS NNCTbA
pasHbix topmaumii C. sibirica oTMYaOTCA BbICOKON 3(W(EKTUBHOCTLIO MCMOb30BaHMA 3HEPrun
thoTocuHTesa (PEUE), HM3KOI athheKTMBHOCTLIO ncnonb3osaHms Bogbl (WUE).

KnioyeBble cnosa: (PYHKUMOHa/IbHAsA aHaTOMUA, YCTbUYHO-3NMAEPMANbHBIA  KOMMNEKC,
(byHKUMOHaNbHas Mopdhonorvs, IMCT, aaanTUBHbIMA NpU3HaK.

BBEAEHWE

ANNOMETPUYECKME  MOLENVM  MacluTabupoBaHUs,  OMuUCbiBaoLmMe  BUoNornmyeckue
MPOLIECChI, BXKHbI AN MOHMMaHUA afanTyBHbIX peakuuii pacTeHWIA K U3MEHEHWAM YC/I0BUIA
npouspacTtaHua (Niklas, 1994; Hui et al., 2012). AganTaumm pacTeHWid K 3KCTpemasibHbIM
YCMOBMAIM  CYLLECTBOBAHWS  CBA3aHbl  CO  3HAYMTENbHbIMWA  MEPECTporikamm  UX
acCMMUMPYIOLLErO  annapata, BbICOKOYYBCTBUTE/IbHOTO K  BHELUHUM  BO3AEWCTBUAM.
Mopdhoniornyeckne U3MeHeHWUs NUCTa ABIAIOTCA (PYHKUMOHaIbHBIM OTBETOM Ha (haKTopbl
OKpyXKatoLein cpefpl (Zhonggiang, Dan, 2009; Scheepens et al., 2010). POTOCMHTETUYECKMIA
annapar pacTeHwii 06nafaeT BbICOKO NAaCTUHYHOCTLIO, YTO BbLIPKAETCH B 3HAYUTE/LHOW
BapnabenbHOCTN Pa3MepoB JIMCTa U ero aHaTOMUYECKNX XapaKTEPUCTUK.

B nocnegHue rofpl BOMPOCHbI aHATOMUKM W (IU3MONOTUM IUCTA, 3NUAEPMaSbHO-
YCTBUYHOTO KOMIJIEKCa OCBeELLeHbl B paboTax MHormx astopos (Poorter, Remkes, 1990;
Tsialtas et al., 2002; Shipley, 2002; Wright et al., 2004; Shipley et al., 2005; Shipley, 2006;
Franks et al., 2009; Brodribb et al., 2013). WN3yyeHve MOPEONOro-aHaTOMUYECKNX
ocobeHHocTeil nucta BMAoB poga Campanula L. mpoBOAWTCS C LEbH YTOYHEHUA
cuctematuky BugoB (Alcitepe, Yildiz, 2010; Dremlyuga, 2012) wau BbICHEHUS
MEeXaHU3MOB ajanTalun pacTeHWin K pasiMuHbiM ycnoBusm obmtaHus (Gyorgy, 2009;
Gostin, 2012; Krokhmal, 2013).

V3yueHne Mopdonoro-aHaTOMUYECKMX OCOBEHHOCTEN NNCTA, YCTAaHOBMEHWE CBS3EN
ero (PYHKLUMOHANbHBIX MapamMeTpoB M UX CKOOPAWMHWUPOBAHHOE W3MEHeHWe B OTBET Ha
pasfnyHble YCN0BUS Cpefbl NPeacTaBnsaeT coboi 60NbLUOK NHTEPEC U AenaeT Lefb Halnx
MCCNefl0BaHNIA aKkTyanbHOW. MpoLecc aganTaumn 3aTparmBaeT BeCb OpraHvM3M pacTeHus B
Lle/IoM, CBfi3aHHble C HWUM MOP(OIOr0-aHaTOMUYECKME MEPECTPOMKN M3MEHAIOT ero
(h13MONOrMYeCKUin CTaTyc, B pe3ynbTaTe Yero pacTeHue nonyyvaeT BO3MOXHOCTb Hanbosee
3PheKTUBHO MCMONB30BaTbL PECYPCHI CPefbl B HOBbLIX /11 HEFO 3KCTPEMa/IbHbIX YCNOBUAX
cyulectBoBaHus (Menshakova et al., 2008).

Llenb paboTbl — BbisiBNEHWE OCOBEHHOCTEA  (PYHKLWMOHabHOW —aHaToMuM 1
mopdponiorm  nucta  Campanula sibirica L. B pasHbIXx YycnoBusx o6uTtaHus ons
onpegeneHns aganTUBHbLIX NPU3HAKOB PACTEHWIA.

MATEPWA/bI U METOAbl UCCNEAOBAHWN

CpaBHuBann mophonoro-aHaToMmMyeckue npusHakm nucteeB C. sibirica B ycnosumsx
[JoHeukoro 60TaHnyeckoro caga HAH YkpanHbl ([IOHeLK, Foro-BOCTOK YKpaviHbl, CTenHas
30Ha) 1 B Kpbimy: 1) xpebeT Suku-Aar (toro-soctouHoe nobepexoe Kpbiva), r. Kapa-06a;
2) baxuncapaii, YydyT-Kane (npearopbe, CKMOH BHyTpeHHeR rpsabl KpbIMCKMX rop,
necoctenb, JgonuHa nputoka Kacm — pekn  Uypyk-Cy). Knumartorpamma MecT
npouspactaHus C. sibirica npegctaBneHa Ha pucyHke 1. Knumar Quku-fara ymepeHHo-
KOHTVHeHTanbHbIW. K BepwmHaM xpebTa 3uku-[ar cpefHsas TemnepaTypa yMeHbLIaeTcs ¢
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12 po 8 °C, konmyectBo ocagkos ysennuymeaetca ot 350 go 700 mm B roj, cpegHss
Temnepatypa utons 23-24 °C. Knumar Baxuucapas MNpearopHbiil, noay3acyLunvBbIi,
TENbliA, C MATKOA 3MMOIA, KOAMYECTBO FOAOBbIX OCafKoB cocTaBnseT 50 MM, cpeaHss
Temnepatypa B fHBape 0,8 °C, B uone 21,7 °C (Klimat i ..., 1982). l'opog [oHeuk
pacnonoXeH Ha tro-soCToke YKpavHbl Ha p. Kanbmuyc. Knumat ropoga ymepeHHo-
KOHTVHEHTaNbHbLIA C MPOX/TagHOM 3MMOA W TennbiM  (MHOTAA 3HOWHbLIM)  JIETOM.
CpepHerofoBasi Temnepatypa Bo3gyxa coctasnset 8,0 °C, Hanbonee HM3Kas OHa B HBape
(-6,1 °C), Hamnbonee Bbicokas — B utone (20,9 °C). B cpefHem 3a rof B [loHeLke Bbinajaet
514 MM aTmoctepHbIX 0CafKoB, MEHbLUE BCErO MX B OKTAOpe, 60/blle BCEro — B WHOHE
(Preobrazhenskii, 1959).

Pr, mm

0 20 40 60 &0

Puc. 1. KnumaTtorpamma mectoomutaHuii Campanula sibirica L.:
1 - [oHeuk, 2 — Kpbim (YydyT-Kane):
t, °C — cpesHaa TemnepaTypa, °C; Pr, mm — KONMYeCTBO 0CALKOB, MM

Jnctbst cobrpanm ¢ 5-10 pacTeHWiA B KadKAOM BapuvaHTe OnbiTa, B3BELUMBAMN,
CKaHVpOBa/INM, C WCMOMb30BaHWEM Mporpammbl AxioVision mamepsnnm mx nnowaas (S) u
nepumetp (P), anametp (dp) » gamHy uvepeluka (Lp) imcTa, paccumTbiBaIM MHAEKC YepeLuka —
OTHOLLEHVE AnameTpa Yepewka K ero gamHe (dp/Lp). [ns aHaTOMUYecKux UcciefoBaHuii
1CNO/B30Ba/IM BPEMEHHbIE MpenapaThbl MOoMepeyHoro cpesa auMcTa v anuaepmuca. amepsnm
TONMLMHY /IUCTA, Me30W/a, SMWAEPMICA, KOMMUECTBO KNETOK W YCTbWL, Ha 1 MM
MOBEPXHOCTW NMCTa, MX pa3Mep. B paboTte vcnonb3oBaiM MMKpOCKon Zeizz Primo Star.
OTHOLUEHUS TONLLMHBI TKaHER ncTa K 06LLEei TOMLLMHE SIMCTa U KO3PHULMEHT NanmMcagHoOCTL
(K), T.e. OTHOLLEHME TOMLLMHBI CTOIGUATOro Me3othunna K TonwmHe ryéuaroro (tcm/tsm), 6biim
BbIUMC/EHBI COr/IACHO OOLLENPUHATBIM MeTofukam (Boyne, 2011; Boyne et al, 2013).
PaccumnTbIBa/IM YCTbUUHO-3MUAEPMabHbIN nHAeKE (SEI, %) no dopmyne ns*100/(ec + ns), rae
NS — KOMMYECTBO YCTbL, Ha 1 MM? MOBEPXHOCTM NINCTA, €C — KOMNYECTBO 3MMAePMabHbIX
kneTok (Gupta, 1961). [JnvHa 3amblkatowmx KIeTok yctouy (LS) 6bina ncrosb3oBaHa Ans
pacueTa YCTbIYHO-MOpoBOro nHaekca (SPI) no dopmyne ns/(Ls)* (Sack et al., 2003). 3atem
CKaHMPOBaHHble NWCTbS BbICYLLUMBAIN MpK TemnepaType 60°C [0 MOCTOSHHOM MacChl W
B3BELLMBA/IN, PACCUMTBIBAIM ClELyHOLLME NoKasaTenn: m/S (OTHOLLIEHWE BECa CBEXErO SINCTa K
ero nnowaan), mq/S (OTHOLUEHMe BeCa BbICYLLEHHOMO NACTa K ero nnowaan), M/S (oTHoLLeHMe
Beca CBEXe NMUCTOBOM NNaCcTUHKM K ee mnowaaun), M;/S (OTHOLLeHMe Beca BbICYLLIEHHOM
INCTOBOVA MIACTUHKY K ee N/oLaau). Beiuncnanu yaensHyto nnoags avcta (SLA, cm?/g) Kak
OTHOLLEHVE MAOWaaM SMcTa K ero BbICylleHHON Macce (SLA=S/m;) (Sack et al., 2003).
3BeCTHO, YTO OAWH U3 3AaNTUBHBIX MPU3HAKOB pacTeHuii K HOBbIM YCOBMAM cpefbl — 60/ee
BbICOKas OTHOCUTENbHasA CKOpocTb MX pocta (RGR), cBA3aHa C BbICOKOW WHTEHCMBHOCTHIO
(hoTOCUHTE3a W/MNKM BLICOKOW YAenbHON nnowanbto nucta (SLA) (Shipley, 2002). Ans
MUPOBbIX CPaBHUTENbHBLIX 623 AaHHbIX MO 3KOMOTMYECKMM CBOWCTBAM PacTeHWin yaenbHas
noLLab SMCTa ABMSETCA O4HUM U3 NyULINX CPaBHUTENbHBIX Nokasateneli (Vendramini et al.,
2002). CpaBHeHMe MapaMeTpoOB /ACTA B pasHbIX BapMaHTax oOnbiTa NPOBOAUAU C
ncnonb3oBaHmem cratmctuyeckoro Tecta ANOVA.
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PE3Y/NBbTATbI U OBCYXXOEHUNE

C. sibirica pacnpocTtpaHeH B 3anagHoii Cnbupw, Ha Antae, B CpegHeii Asum n EBpone
(Viktorov, 2005). PoseTouHble nuctbs C. sibirica npogonrosatble, TymMble, CYXKalOTCs B
YepeLLok, cTebneBble — NaHUETHbIE, 3a0CTPEHHbIE, CUAAYME.

I. OTAnumsa  mopdosoro-aHaTOMUYECKMX MapaMeTpoB /INCTa pacTeHuii B
pasHbIX MecTax 06uTaHus. CpaBHEHWe aHaTOMO-MOpP(ONOrMYeckKUX MapaMeTpoB
po3eTouHbIX N1cTbeB C. sibirica B ABYX MecToo6uTaHUAX B KpbIMy, e OH BCTpeyaeTcs
KaK 3aHOCHOW HaTypanv30BaBLUMIACA BML, MOKa3a/10, YTO B 3aCYLLMBbIX YC10BMAX KpbiMa
(YydyT-Kane) ysennumsaroTcs TonWwmMHa po3eTodHoro nucta (p<0,002), mesodunna
(p<0,01), kak ry6uatoro (p<0,001), Tak u cTon6yatoro (p<0,02) B 2,0 pa3a,
abakcuanbHoro anugepmuca — B 1,4 pasa (p<0,001), oTHOLEHWE TOMWMHBI Me3oduna K
TonwumHe nucta (tm/tl) B 1,2 pasa; yMeHbLIAKTCA OTHOLUEHWE TOMWMHLI 3nuaepMmnca K
TonwmHe nncta (te/tl), BepxHero anuaepmuca K TonwmHe nwcta (tue/tl) B 0,6 pasa
(p<0,002), HKHero anuaepMmca K TonwmHe nucta (tle/tl) B 0,7 pasa (p<0,03).

YBenuyeHwe CroeB  CTOMGYATOrO  Me3odwnna, BO3pacTaHue WX  BbICOTbl  —
KCepoMOpgHbIE MPU3HAKM PacTeHWIA B apuaHbIX YCNOBMAX NpomuspacTaHus. 3BecTHo, uTo
MPU NpOW3PacTaHMM B 3aCyLUNMBbLIX YCNOBUAX W GOMbLIOK WHCOMALMU NPOUCXOANT
yBEINYEHNE TONWMHBLI MAACTUHKM JMCTa U acCUMWAALMOHHON TkaHu (lvanova, 2014).
YBenuueHne CNOWHOCTA W TOMWMHbLI MaMCagHOro Me3otunna WMMeeT afamnTUBHBIN
XapakTep, NMOCKO/IbKY OCHOBHas (DOTOCUMHTETMYECKas AeATeNbHOCTbL /IMCTa CBA3aHa MEHHO
C ManucagHoi TKaHbto. OBYCNOBNEHO 3TO TeM, YTO HOBOOOPa30BaHME X/0POMIacToB B
NasMcafHON TKaHU NPOMCXOAMT 3HauMTeNbHO fonblue (Menshakova et al., 2008).

KonnyecTBo KNeToK Ha abakcuasibHOW CTOPOHe /MCTa He U3MeHSIeTCH, KONUYEeCcTBO
yctbuy, (ns) (p<0,05), anuaepmansHO-ycTbUYHbI (SEI) (p<0,02) v yCTbUYHO-MOPOBBIA
(SPI) uHgekcenb! (p<0,001) ymeHbluatotes B 0,7; 0,6 1 0,3 pa3a COOTBETCTBEHHO, TOrja Kak
pasvep ycTbuL, yBenmumsaetcs B 1,4 pasa (p<0,002). KonnyectBo KMETOK, YCTbUL, U UX
pasmep Ha afgakcuanbHORN 1 abakcuanbHO NOBEPXHOCTAX IMCTa y pacTeHuid C. sibirica Ha
UygyT-Kane ofuHakos, Torfa kak Ha BepxHem anuaepmuce pacTenuii Ha Kapa-O6e
pacnonararoTcsa egvHUYHbIE KPYMHbIe YCTbULA B CPABHEHUM C HUXKHUM 3NUAEPMUCOM.

B 3BOMIOLMOHHOA 3KOMOTMM pacTeHWiA M3BeCTHa o0bpaTHas [AOBO/MLHO TecHas
Koppenauus Mexay naoTHOCTbIO YCTbUL, U UX pasmepoM. MHorve yyeHble (Franks, 2009;
Brodribb et al., 2013; Zhang et al., 2012; Doheny-Adams et al., 2012) npegnonaratoT, 4To
He3aBMCMMO OT pa3Mepa, (OPMbl, KOMNYECTBA 3MUAEPMa/IbHbIX KIETOK, pasmep W
NNOTHOCTb YCTbWL, — 3TO UMEHHO Te 3NWAepMa/ibHble MPU3HAKW, KOTOpble ONpeaenstoT
CKOPOCTb ras3oobmeHa, a 60fiee BbICOKMIA TemMn NPOBOAMMOCTM 6onee LeTepMUHUPOBaH
BbICOKOI MIOTHOCTbIO YCTbYL, & He YBEeNWYEHMEM WX 4AWHbL. B HayyHoi nuTepatype
M3BECTHO, YTO SPl MMeeT TEeCHYH0 CBfi3b C W3BECTHbIMW aJanTUBHLIMU MPU3HAKAMU:
yaenbHoli nnoulaasto nucta (SLA), brnomaccoi, oTHocUTenbHol ckopocTbio pocTa (RGR)
(Osunkoya et al., 2014); a Takxe ¢ PU3NONOTMYECKUMIN (DYHKLMOHANbHBIMW NapaMeTpamMm;
MaKCMMasbHbIM  (OTOCUHTE30M fucta (Amax), 3aTpatamy Ha cTpouTensctBo (CC),
3hheKTMBHOCTLIO MUCNosb30BaHMA Bogbl (WUE) n aHeprum doTocmHTesa (PEUE), koTopble
B CBOKO O4epefb CBA3aHbl C 3koHOMMe yriepoga (Osunkoya et al., 2010). Kpome Toro, B
paboTax HEKOTOpbIX aBTOPOB BCTPEYAlOTCA [J0Kas3aTenbCTBa TOr0, 4TO K/HOYEBblE
afanTuBHble MPU3HaKW, Takve Kak OTHOCUTesbHas ckopocTb pocTa (RGR), HakonneHue
6uomaccel 1 ygenbHas nnowans mcta (SLA) cBf3aHbl C PenpojyKTUBHLIM BbIXO40M
pacteHmii (Wright et al., 2004). CnegoBsatensHoO, B 3aCyLUMBbIX ycnosusax Kpbima (UydyT-
Kane) ons posetouHbix nncTbeB C. sibirica B BECEHHWIA MepuOf XapakTepHa BbICOKas
3(pheKTMBHOCTL  MCNOMb30BaHMA 3Heprum  hotocnHTesa (PEUE) M MakcMManbHbIl
thoTocMHTE3 (Amax) B CpaBHEHWW C 6onee BNaXXHbIM MeCTO06UTaHWEM B KpbiMy (XpebeT
Aukun-Aar, r. Kapa-O6a).

CpaBHeHue pacTeHumii C. sibirica B ycnoBusax Kpbiva (YydyTt-Kane) n [oHelka
nokasasno, 4To B 6onee apuaHbIxX ycnosusx (UygyT-Kane) po3eTouHble MCTbS OTINYAKOTCS
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MEeHbLLMMI 3HaYeHusMK nnowaan nucta (S) (p<0,003), ero anunHel (L) B 0,6 pasa, Beca (M)
B 0,1 (p<0,001), anuHbl yepelika (Lp) M OTHOLLEHMS Beca /IMCTOBOM MNAacCTUHKK K ee
nnowaau (M/S; M4/S) B 0,3 pasa (p<0,002), Beca BbICYLLEHHO NMCTOBOW NNACTUHKN (M)
B 0,2 (p<0,001), konMyecTBa YCTbML, Ha HIKHe noBepxHocTy incTa (ns) B 0,5 (p<0,04),
yCTbUYHO-MopoBoro mHgekca (SPI) B 0,4 (p<0,003), te/tl (p<0,001) u tle/tl (p<0,01) B
0,8 pasa; 60nbLWIMMY 3HaYeHUAMU AnHbI yeTbrua (Ls) B 1,2 (p<0,003), uHgekca nucta (1)
B 2,4 (p<0,0005), yaenbHoli nnowaau nncta (SLA) B 3,3 pasa (p<0,0002).

HekotopbiMu 60TaHuKamu (Osunkoya et al., 2014) fokas3aHO, YTO C WU3MEHEHWEM
YCNOBUiA NPOMU3PaCcTaHNsA NPOUCXOANT 3HAUMTENIbHOE YBENIMYEHNE NNOTHOCTY YCTbUL, & He
nx pasmepa. OfHaKO BO3pacTaHWe MAOTHOCTW YCTbUL, NACTA NPUBOAUT K YBEIMYEHWIO
noTpebneHns yrnepoga, Ho M YBeNMUMBAET TpaHCIMpaumio. 1o MHEHUIO ApyruX yUeHbIX
(Brodribb et al., 2013; Holland, Richardson, 2009) 60nbLIOe KOAMYECTBO MMEHHO
Ma/IeHbKMX YCTbUL, Makcumusupyet audgysmio CO, B nUCTbA ana (hoTocuHTesa 6e3
6onbLIMX MOTepb BOAbl. HECMOTPS Ha MPUHATOE HEKOTOPbIMU YYEHLIMU MOSIOXKEHWE O
Ha/IMumy 60/bLLIOTO KO/IMYECTBA MESKMX YCTbUL, Y Me30(UTOB B 3aCyLLIMBBLIX YCMOBUAX
obutaHua (Ezau, 1980; Buinova, 1988), y C. sibirica Ha ypoBHe PO3eTOYHbIX /IUCTLEB
MpYCNoco6IeHNE K XXeCTKMM YCMIOBUAM MPOM3pacTaHns OCTUMaeTcs 3a CHET YMEHbLUEHNS
KOMMYECTBA YCTbUL, U YBeMYeHUs WX pa3MepoB. [locnefHee corfiacyetcss C MHEHWeM
npyrux asTopos (Ceulemans et al., 1978; Bissing, 1982) 0 TOM, 4YTO HM3Kas 4acTOTa YCTbULY
B COYETAHUM C KPYMHBIMU X pasMepamMu crocobcTByeT 60/ee aPHEKTVBHOMY KOHTPOSHO
BO006MEHA.

Y ctebnesbix nncToes C. sibirica B Kpbivy (HUydyT-Kane) B cpaBHeHWU ¢ [JOHELKOM
[OCTOBEPHO 60/bLUe OTHOLWeHe m/S B 2,0 pasa (p<0,004), wmpuHa ycTbuy B 1,1 pasa
(p<0,02), oTHOLLEHME TONWMHBI Me30o(una K 00LLein TonwmHe nucta (tm/tl) B 1,1 pasa
(p<0,001), SLA B 3,8 pa3a (p<0,0001); meHbLIe pasmep nucTa (p<0,002) — gamnHa B 0,4,
wupuHa — B 0,2 pasa, nHaekc nucra B 0,6, nnowags 1 Bec BbICyLweHHoro nmcta B 0,1 pasa
(p<0,001).

CnepoBaTenbHo, B 6onee apuiHbIX ycnosusx npouspactaHns (KpbiM, YydyT-Kane)
NCTbA pasHbIX (opmaumii C. sibirica oTanyatoTca 60MbLUMMU 3HAYEHUAMU Y AENbHOW
nnowaan nmcta (SLA), pasmepa yCTbul, MeHbLIMMMW 3HAYEHUAMM nnowaan nucta (S),
Beca BbICyLLEeHHOr0 nimcta (M1) B cpaBHeHUM ¢ [JoHeu koM. K Takum e BbIBOAaM MPULLIN
P.-E. Lauri et al. (2014), KOTOpble YCTaHOBU/M, YTO HEAOCTATOK Barv MpUBOAUT K
YMEHbLUEHWNIO NJIOLAAN SINCTOBOM NAACTUHKMA U ee MacChl B abCOMIOTHBLIX 3HAYEHUSX.
B Kpbimy (YydyT-Kane) nmctba pasHbix popmauumii C. sibirica xapakTepusyoTcs BbICOKOi
3(PheKTMBHOCTLIO  MCMOMb30BaHWS aHeprum  oTocuHTesa (PEUE) M MakCMMa/bHbIM
(boTocuHTE30M (Amax) B cpaBHeHUU ¢ [ OHELLKOM.

Il.  B3ayMOOTHOLUEHWS  (PYHKUMOHa/IbHbIX  MOP0/I0r0-aHaTOMUUYECKUX
napameTpoB /IMCTa, MOUCK afanTUBHbLIX NPU3HAKOB pacTeHUi. B 60nee 3acyLUnnBbIX
ycnoBusix npomspactaHus (YUydgyT-Kane) y pacTeHwin Bo3pacTaeT KOMMYECTBO CBSI3EN
aHaTOMO-MOP(ONOrNYECKX MapaMeTPoOB NMCTa pasHbIX (IopMaumii U MX TecHoTa, 4TO
ABNSETCA OAHOM W3 afanTWMBHbLIX pPeakuuii pacTeHWn Ha 3KCTpeMasibHble YC0BMS
(Krokhmal, 2013). O.0. Osunkoya et al. (2010) BbisiBUIM 60/€e BbICOKUIA YPOBEHb
Koppenauumn Npru3HaKkoB y MHBa3VBHbIX BUAOB B CPAaBHEHWUW C aBOPUTEHHBIMU.

TonwuuHa BepxHero anugepmuca (tUe) PO3ETOYHOTO NMCTa NPSMO  KOPPenvpyeT C
TONWWHON cTonbyatoro mesodunna (tcm) (0,90) 1 BeCOM BbICYLLEHHOR NMCTOBOI MMACTUHKM
(M3) (0,94), TonwwmHa HwkHero anugepmuca (tle) — ¢ TonwmHoi ryéyaroro mesodmnna (tsm)
(0,79) n Becom cBexeit nncToBoi NacTuHkK (M) (0,91). 3BECTHO, YTO KETKU 3nvgepMuca
B1AoB poga Campanula BbINOMHAIOT (yHKLWMIO 3anaca Boabl (Gyorgy, 2009).

TonwmHa cTon6yatoro wmesotunna (tcm) posetouHoro sucta C.  sibirica
oTpuuaTenbHO CBsidaHa C AAMHOM ycTbmua (-0,85) m ero nnowgagbto (Ss) (-0,93).
OTHOLLEHMe MacCbl BbICYLLUEHHOW NUCTOBOM NAacTUHKM K ee nnowaan (M4/S)
YBENIMYMBAETCSA MPW BO3pacTaHUW TONWWMHBI cTonbyaToro mesoduana (0,92) n HKHero
anuaepmmca (0,99).
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Mnowagp (-0,85) n Bec (-0,91) NMCTOBOI NNACTMHKM, TOMLWMHA ry6yaToro mesogunna
(-0,85) u HwkHero asnmgepmuca (tle) (-0,92) ymeHblIaAOTCA MpU  YBEANYEHUM
anuaepMa/ibHO-yCTbUYHOrO UHAekca (SEI). YcTbuyHO-NopoBblt uHAekc (SPI) TecHo
cBA3aH ¢ wwupuHoii nncta  (-0,93), wHgekcom sucta  (-0,89), koadhuumeHTOM
nanucagHoctn (0,78), oTHoweHuamun M;/M (-0,75). CnegosaTtenbHO, MOXHO BbISBUTH
CMeHy cTpaTeruu (yHKUMOHWPOBaHMA NINCTA MO W3MEHEHWIO €ro MHAeKca B HOBbIX
ycnoBusx npouspacTaHns. COOTHOLUEHWE Beca BbICYLUEHHOM NUCTOBOW MNMACTUHKN U
coipoii (M1/M) yBennumBaeTcs Npu Bo3pacTaHnm ganHbl yeTbmua (0,92). Mpu yBennyeHnm
UHAekca poseTouHoro nucta (1) ymeHbllaeTcs KoadumumeHT nanmcagHoctn (-0,93),
KOMMYECTBO YCTbUL, HUXKHero anugepmuca (-0,82), ysennumeaetcs nx pasvep (puc. 2, a).
OnvHa yctbuua (puc. 2, b), ero nnowagp (-0,88) yMeHbLIAOTCA MNpWU YBENMYEHUN
KoatpthuumenTa nanucagHoctn (k). dnvHa ycTbuua 06paTHO CBsi3aHa C OTHOLUEHWEM
TONLMHBI cTONGYaTOro Mesounna K TonwmHe nucta (tem/tl) (pue. 2, ¢), npamo — ¢
OTHOLUEHMEM TO/LMHBLI rybyaToro mesodunna K tonuwmHe nucra (tsm/tl) (puc. 2, d) n
OTHOLLEHNEM TOSLLMHBI HUXKHEro anuaepmMuca K TonumHe nucta (tle/tl) (0,99) (puc. 2, e).
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Puc. 2. 3aBMCUMOCTb ANNHBI YCTbULA HYKHETO anuiepmMuca po3eToyHoro nncta C. sibirica
oT uHgekca nucta (1) (a), koathpmumeHTa nanucagHoctu (K) (b), OTHOLLEHUA TONLLMHBI
cTon6yaroro mesogunna K TonwmHe nucta (tcm/tl) (c), oTHoweHUs ry6yaToro mesogunna
K TonwmHe nncta (tsm/tl) (d), oTHoLeHUS HMXKHEro anmnagepMumca K TonwmHe nucta (tle/tl) (e);
[JNIMHBI YepeLlKa pPo3eToYHOro ucta (Lp) oT OTHOLLEHMIA TONALWMHBLI Me30dnaia K TONLMHE
nucta (tm/tl) (f), BepxHero snugepmMuca K TonwmHe nucta (tue/tl) (g); Beca po3eToHHOro /iMcTa
(cBexxero (M)) (h) n (BbicyLweHHoro (My)) (i);

a-g — B Kpbimy (YyyT-Kane); h—i — B pasHbIX YCNoBusaxX npomspactaHms
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YaenbHasa niowaas po3eToUHOro nucta pacteHuin (SLA) C. sibirica Ha YydyT-Kane
OTpULaTeNbHO KOppPenupyeT ¢ TOMAWMHOA cTonbuatoro mesogmnna (-0,93), BepxHero
anugepmmca (-0,98), oTHoweHvem M/S (-0,90), My/S (-0,99), KosthdmLreHTOM
nanmcagHoctn (-0,70); nonoXkuTenbHo — ¢ AnvHoi yctbhua (0,76). [nvHa uYepeluka
poseTtoyHoro nucta (Lp) C. sibirica Bo3pacTaeT nNpu yBeNMYeHUU 3HAYEHWUS OTHOLLUEHMS
TONWMHBI Me3o(mnna K TonwmHe nmucta (tm/tl) (puc. 2, f), oTHOWeEHUs BepxHero
anugepmuca K TonwpmHe nmcta (tueftl) (puc. 2, g).

OTHOLLEHMe TOSLWMHBI Me30(hu/INa K ToNLWmMHe iucta (tm/tl) n TonwmHel ctonéyaroro
me3omna K ToMnwmHe mcta (tcm/tl), Kpome TOro, YTO CBA3AHO C A/MHON Yepellka W
yCTbMLa, O YeM MPUBELEHO Bbille, MOIOXKMTENLHO KOPPENUpYeT C TOMLWMHOW BEPXHErO
anuaepmmca (0,95; 0,70 COOTBETCTBEHHO), OTHOLWeHUAMM M/S (0,95; 0,96), M./S (0,98;
0,79), M/M; (0,80; 0,91), koathdmumeHTom nanucagHoctun (k) (0,75; 0,98); oTpuLaTenbHO
— C yaenbHoW nnowaasto nucta (SLA) (-0,99; -0,83), nHaekcom nucta (-0,68; -0,92).
Kpome TOro, OTHOLLEHME TONLWMHBLI CTON6YATOr0 Me3otunna K TonwmHe aucta (tem/tl)
MONOXUTENBHO CBA3aHO C YCTbUYHO-MOpPOoBbIM MHAEKCOM (SPI) (0,70).

Y po3eTouHbIx incTbeB C. sibirica B ycnosuax [oHeuka Npy yBeNMYeHU TONLLUHDI
cTonbyatToro mMesounna (tcm) Bo3pacTaeT TO/MWMHA HUXKHErO anuaepmuca (tle). bonbLuas
XW3HefeATelbHOCTb CTON64YaToro Me3odunna TpebyeT 6OMbLUEro KOM4YecTBa MPUTOKA
BOAbl C PacTBOPEHHLIMW B Heli MUHEepanbHbIMK BellecTBaMu. Bofga HakamnvBaeTcs He
TO/bKO B MEXKJ/IETHMKAX ry6yaToli TKaHU, HO 1 B HKHEM anugepmuce. Mpy yBennyeHun
gvameTpa Yepewka nmcta (dp) U, Kak CneacTBue, BO3pacTaHUM €ro rMApaB/MYEecKOi
NMPOBOAMMOCTU, YBEIMYMBAETCA HAKOMEHUe BOAblI Ha eguHuly niowaan nucta (M/S).
OTHOLWEeHMe TOMLWMHBI CTON64YaToro Mesodmnna K TonwmHe nucta (tem/tl) BospactaeT npm
yBenuyeHnn anunHel Yepewka (Lp) (0,69).

[na obwero maccmMBa [JaHHbIX PO3ETOYHbLIX JIUCTLEB YCTAHOB/IEHO, YTO NpU
YBE/IMYEHNN J/IMHbI Yepellka nucTa (Lp) Bo3pacTaeT Bec cBexeil (M) M BbICYLLUEHHOW
NUCTOBOW MnacTuHkM (M1) (puc. 2, h-i), M/S (0,85). ¥YaenbHaa nnowagb nucta (SLA)
MONOXWTENbHO CBAi3aHa C AavMHOWA ycTbuua (0,84). OTHOLLEHWE TOMWMHBI HUKHErO
anuiepmuca K TonwmHe nucta (tle/tl) ysennuvsaeTtcs npu Bo3pacTaHUM ANMHbI YepeLlka
(Lp) (0,75).

Y C. sibirica B Kpbimy (HydyT-Kane) TonwyHa ctebn1esoro ancTa v me3odusina imcra
MONOXMTENIbHO CBA3aHa C MAOTHOCTbIO ycTbuy, (0,90 u 0,86 COOTBETCTBEHHO) U
OTpUUATENBHO C UX BANHOM (puc. 3, a). YBeNMYeHne Beca INCTa TakKe CONpPOBOXAAETCS
3HAUYNTENbHLIMA  U3MEHEHWUAMM B MJIOTHOCTM  YCTbWL, Ha abakcuanbHOW CTOPOHE
(Bo3pacTaeT) U mx gavHe (ymeHbluaetcs) (puc. 3, b—c). OTHoweHus Mi/M n My/S
MONOXWTENbHO KOPPeMpyrT C ToawuHoi nmcta (0,87; 0,91 COOTBETCTBEHHO), C
KOMIMYECTBOM YCTbUL, HXHero anuaepmumca (0,97; 0,92 cOOTBETCTBEHHO) U OTpULATENBHO —
¢ ux anuHoii (-0,94). YpenbHaa nnoulaab ctebnesoro nucta (SLA) ymeHbLUIAeTcs Mpw
YBENMYEHNN TOMLWMHBI Ty6uaToro mesogunna (-0,86), Beca nucta (-0,81) 1 BbICYLLEHHO
nuctosoin nnactuHkn (-0,82), M,/S (-0,83), ymeHblueHnn gavHbl yetbuua (Ls) (0,88),
KoapuumeHTa nanncagHocTy (K) (0,88), tem/tl (0,83), M/M; (0,98).

B KayecTBe OCHOBHOFO KaHajia MEXAy PacTeHMEM W BO3AYLUHOWN BHELUHER Ccpefol
BbICTYNaeT YCTbMYHbIA KOMM/EKC, KOTOPbLIA PEerynMpyeT TpaHCMMpauui BOgbl C
OJHOBPEMEHHbIM noroweHnem CO, pana (oTocuHTe3a, W, CnefoBaTeNbHO, Mrpaet
3HAUMTE/IbHYI0 PONMb B (IM3MONOrMYecKoid 3PMEKTUBHOCTU U XKWU3HEAEATENIbHOCTU
pacteHus. Habniogaemoe yBenMuyeHWe B pasmepe WM MAOTHOCTW YCTbUL, — W3BECTHas
cTpartervs 41 yBefnmueHus ckopocTu auddysum CO, B NNUCTbA, W, CnefoBaTesbHo, K
MONYYEHUIO Yrnepoja, HO 3TO MNPOMUCXOAMT, Kak nNpaBwio, 3a CYET YBeMYeHWs
TpaHcnmpaumm (Franks, 2009; Russo et al., 2010; Zhang et al., 2012). V/3meHeHus B
pasMepe WM MAOTHOCTM YCTbWL, Takke CBfA3aHbl CO CKOPOCTbHO — PacLUMPEHWs
anuAepMabHbIX KIETOK, TaK KakK aifioMeTpusi ABYX 3TUX NPU3HAKOB pa3BMBaeTCs
ckoppenmpoBaHHo (Sack et al., 2003).
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Puc. 3. 3aBMCHMOCTb MOP0ON0ro-aHaTOMUUYECKUX NapaMeTpoB cTebnesoro nucta C. sibirica
0T NapameTPOB YCTbMUYHOIO KOMMJIEKCA Y BHYTPEHHEN aHaTOMUMW: TONLWMHBI 1cTa
cTeb6neBoro nncta (a) U Beca BbiCyLLeHHOro nncta (mq) (b) ot AnvHbI ycTbuya (LS);

Beca BbICYLLIEHHOr0 1cTa (M;) OT KOMNYECTBA YCThUL, Ha 1 MM? a6aKcnabHOM CTOPOHBI
nncta (ns) (€); YCTbUYHO-MNOPOBOro nHaekca (SP1) oT TonwmHel ancta (tl) (d);
OTHOLLIEHMS Beca BbICYLLEHHOr0 UCTa K ero nnowaan (m1/S) (e); oTHoLweHNs Beca
BbICYLLIEHHOI0 NncTa K ceexemy (mi/m) (f); TonwmHel anvgepmuca (te) (g); OTHOLLEHNA
TONWMHBI anuaepmuca K TosnwmHe nucta (te/tl) (h); KonuyecTsa ycTbuL, U 3NUAepPMasibHbIX
KNIeTOK Ha 1 MM? abakcuasibHOM MoBEPXHOCTY /IMCTa OT TONLWMHBI 3anugepmMuca (te) (i):

1 — KO/IMYECTBO YCTbULL, 2 — KOJIMYECTBO KETOK;

a—f— gna C. sibirica B Kpbimy (UydyT-Kane); g—i — gna C. sibirica B [loHeLKe

YCTbUYHO-NOPOBbIA MHAEKC (SPI) MMeeT 60/bLUOEe KONMYECTBO CBSA3E/ CO MHOTMMU
napameTpamu: TonwwmHoi nucta (tl) (0,94) (puc. 3, d), mezodmnna (tm) (0,90), Becom
cBexkero (m) (0,86) u BbicyleHHoro nmcta (m;) (0,94), 3Ha4eHUSAMU OTHOLLEHUIA mM4/S
(0,99) (pwc. 3, €) nmy/m (0,95) (puc. 3, f).

COOTHOLLEHUNE TOMLWMHBI cTOoN6YaTOro Mesodunna u nucta (tcm/tl) ymeHsLaetcs, a
ryéuatoro mesounna v nucta (tsm/tl) ysenmumsaeTcs npu Bo3pacTaHUM MHAEKCA McTa
(1) (-0,85 1 0,71 cooTBeTCTBEHHO), ero wupuHsl (nl) (-0,92 n 0,92), nnowaam (S) (-0,74 n
0,77), ycTbnuHo-3anuaepmasibHoro nHgekca (SEl) (-0,78 n 0,70).

[ns ctebnesoro nucta C. sibirica B [lOHeLKe XapakTepPHO MeHbLUee KO/NYECTBO
cBA3eil (DYHKLUMOHaNbHbIX npu3Hakos. KonuuectBo ycTtbuy (-0,84) n anunaepmanbHbIX
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knetok (-0,90), YCTbUYHO-MOPOBbLIA MHAEKC (SPI) oTpuuaTenbHO CBSi3aH C TOJILLMHONA
anmgepmuca (-0,95) (puc. 3, g). AnvMHa ycTbMua 06paTHO CBSi3aHa C  TOSLLMHOW
cton6yatoro mesounna (-0,70), Takke Kak M Ang NUCTbeB pacTeHuin n3 YydyT-Karne.
CoOTHOLLEeHWe TONWMHBI cToNn6yaTtoro Mesogunna u nucta (tem/tl) ysenuumsaeTcs npw
yMeHbLUEHUN  AanHbl - yeTbuua  (Ls)  (-0,73).  YcTbmuHO-nopoBblii  nHAekc  (SPI)
yBenmumBaeTcsa npu ybbiaHuu teftl (puc. 3, h) n BospactaHum tm/tl (0,90). Konuyectso
aNnAepManbHbIX KNeTOK 1 ycTbUL, Ha 1 MM? aBakcuanbHOM NOBEPXHOCTYM CTe6/EBONO INCTa
YBeNMUMBAETCA NPU YMEHbLLUEHWUW TONWMHBI anudepmMuca nucta (te) (puc. 3, i).

B obuiem maccuBe faHHbIX cTebneBoro nmcta C. sibirica yaensbHas naowagb IMCTbEB
(SLA) wMeeT MONOXWTENBHYIO CBA3b € KO3(hduumeHToM nanmcagHocTn  (0,71),
OTpULATENLHYIO C TONLWMHON cTonbyaTtoro mesotunna (-0,67) u M/M (-0,91). YcTbU4HO-
noposeIin nHaekc (SPI) cesizaH ¢ m./S (-0,59), oTHoweHuamm tm/tl (0,59) n te/tl (-0,67).
OTHoweHme tcm/tl nonoxuTtensHo ceazaHo ¢ m/S (0,59) n SLA (0,83).

CtebneBble nuncTbst C. sibirica o6ecneunBatoT XWU3HEAEATENbHOCTb pacTeHuidi B
HebnaronpusTHoli  nepuog. OHM  opMMpYyOTCS B CepeauHe fneTa — Hambonee
3KCTpeMasTbHbI Mepuog No TemnepaType M BAaroo6ecrneyeHnto, Mo Hallemy MHEHWUH0,
MMEHHO 3TO 06YCN0BNMBAET MOBbILLEHNE KOMAWYECTBa CBS3ell WX (DYHKLMOHANbHbBIX
napaMeTpOB B CPaBHEHWN C PO3ETOUHbLIMM.

BbIBOAbI

BbISIBNEHO, YTO OTBETHLIMM PEAKLIMAMMW Ha YC/IOBUS M3MEHSIOLLIENCS cpeabl ABNSIOTCS:
1) W3MeHeHMe KOMM4yecTBa U TECHOTbI CBA3EA (DYHKUMOHA/IbHBIX MapameTpoB JACTa;
2) KOMMYECTBEHHbIE U3MEHEHWSI B YCTbUYHO-3NNAEPMA/IbHOM KOMI/IEKCE U BHYTPEHHEN
aHaToMmn nucta. B pasHbiX YCNOBMAX CYLLECTBOBaHWS W3MEHEHWUS B YCTbUYHO-
anmaepMasibHOM KOMMJIEKCe NncTa pasHbix hopMaumii Campanula sibirica npoucxogat B
KOPPEeNAuum ¢ BaXKHbIMU (YHKLMOHa/IbHBIMMW MPU3HaKamun ncTa.

B 6onee XecTKnx ycnosusax ooutaHus y C. sibirica 1) npu yesennyeHnn nHaekca (1)
PO3ETOYHOr0 NUCTA YMEHbLUAETCH KO3IPPUUMEHT NasMcagHOCTM U MNOTHOCTb YCTbUL,
YBE/IMYMBAETCA WX pasMep; 2) MpW YBEMYEHWU Beca CTe6eBOr0 MCTa, OTHOLUEHWIA
M1/M, M./S, TOAWWHBI 1CTa U Me30(una NPOUCXOAAT 3HAUUTeNbHbIE U3MEHEHUS B
NNOTHOCTYW YCTbUL, Ha abakcuanbHOW CTOpPoHe (BO3pacTaeT) U UX AnHE (YMeHbLUIAEeTCs).

[mHa yepeluka poseTtoyHoro niucta (Lp) cesizaHa ¢ BecoM nucta, M/S, tem/tl. Mpu
yBENIMYEHUN ANMHbI ycTbrua (LS) BO3pacTaeT ygenbHas Nowafb PO3eTOYHOrO /INCTa
(SLA). AnmHa yetbuua (Ls) NonoXuTensHO KOPPenvpyeT ¢ MHAeKcoM incTa, tsm/tl u tleftl,
oTpuuatensHo ¢ tem/tl, koathtuymentom nanncagHocty (K). YCTbUYHO-MOPOBLIA MHAEKC
(SPI), KoTOpbIli CBSI3aH C KOMM/IEKCOM afanTUBHbIX NPWU3HAKOB PacTeHW, onpeaenstoLmx
CTpaTermo nx yHKUMOHMPOBaHWS, NOMOXMUTENBHO CBSA3aH ¢ tcm/tl. Takum o6pasom, npu
NPUCNOCOBEHNN K U3MEHSIOLLMMCS YCNIOBUAM 0BUTaHWS NMPOUCXOAAT (PYHKLUMOHANbHbIE
MepecTPOKN PO3ETOYHOMO /INCTA, BbIPAXKAIOLLMECS B M3MEHEHWUN [/IMHbI YepeLlKka incTa
(Lp) n ycTtbuua (LS), ycTbUYHO-MOPOBOro nHaekca (SPI).

AjanTuBHble NPU3HaKuM pacTeHunin C. sibirica Ha ypoBHe: 1) pPO3eTOYHOro nmcTa —
yBe/NmueHue TONLWMHbI Me30nINa, B YACTHOCTU CTON6YATOro Me3oduina, abakcuanibHoro
anugepmunca, yaenbHoi naowagn nucta (SLA), yMeHblUueHMe NAoWaauM M Beca SINCTa,
OJIMHbI  Yepellka, KOoMM4yecTBa  YCTbWL, YCTbWYHO-MOPOBOro uHaekca (SPI) ¢
OJHOBPEMEHHbIM YBENIMYEHWNEM A/IMHbI YCTbMUA; 2) CTE6MEBOro /IMCTa — YBEINYEHWE
TOMWMHBbI Me3othuna, yaensHol niowaan nucta (SLA), yMeHbLUeHVe nowaan 1 Beca
BbICYLLEHHOI0 /ICTa, YBE/IMYEHME LUMPUHDBI YCTbULLA.

Jnctba cTe61eBoin hopmaLyin (PYHKLMOHMPYIOT 1 0BECNEUMBAIOT KM3HEAEATENIbHOCTb
pacTeHWs B Hamboriee SKCTPeMa/bHbIA NO TeMMepaType W Brare nepuog, YTo 00yCnoBIMBaeT
60nblUee KO/MYECTBO CBSA3EA WX (DYHKLMOHAMbHBIX MPU3HAKoB B 60nee 3KCTpeMaslbHbIX
YC/OBUSIX NPOM3PACTaHSA MO CPABHEHWIO C PO3ETOUHLIMU. B 60/Iee XeCTKMX YCI0BUAX 0BUTaHNSA
nmcTba 06enx dopmaumia C. sibirica oTInYatoTCcs BbICOKO 3(hheKTUBHOCTLIO UCMO/b30BaHNIS
3Heprum doTtocuHTesa (PEUE) 11 HU3KOI 3ththeKTMBHOCTLIO 1crnonb30BaHms Bogbl (WUE).
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YHIKaIbHUM MPUPOAHMM YMOBaM, MeXYBaHHIO 3 YOPHUM MOpPEM, NepeciveHHI0 KiflbKOX MPUPOAHMX
30H HailbaraTwmm Ha 6iopi3HOMaHITTA perioHom YkpaiHu € MisaeHHN Makpocxun KpumebKumx Tip.
B Kpumcbknx ropax eposiiiHo-He6e3neuHuii MOBEPXHEBUIA CTIK (HOPMYETLCA Mif B3aEMO3ANEXHUM
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B po60Ti npeacTaBneHO aHani3 B3aeEMO3B 3Ky CTaHy POC/AMHHOIO MOKPUBY Ta iHTEHCMBHOCTI
BOZJHOT epo3ii 3a CUHepreTMYHNX 3acaf Ha NpuKIagi HainbinbLw epofoBaHOI0 BOg0360py KpuMCbKMX
rip. BcTaHOB/EHO, WO CTaH POC/IMHHOIO MOKPUBY BifjobpaXkae iHTerpasbHWiA eheKT B3aeMogii eK3o-
Ta EHAOreHHMX EKOMOTIYHMX  YMHHKKIB.  [locnifKeHi cepeaHbOBIKOBI  Ay6oBi  nicn €
HU3bKOMPOAYKTUBHUMU, CUbHO OCMabneHuMy BHACMILOK MPUPOAHMX YMOB Ta MEBHOMO 3HWKEHHS
MPUPOAHOI CTIMKOCTI i NPOAYKTMBHOCTI y Npoueci 4-5 reHepallii NPUPOAHOTO NOHOBNEHHS. TXHild
CTaH MOripLWYETbCA MO Mipi 3HKEHHS Bif BEPXHbLOT A0 HWKHLOT, MPUMBEPEXHOT YacTUHW BOA0360pY
3Q1EXKHO Bif 36iNbLUEHHA KPYTU3HW Haxuny mosepxHi noHag 20°. HailuyTavsiwmm iHgMKaTopom
iHTEHCVMBHOCTI MPOSIBY BOAHOI e€po3ii € TpaB’siHWIA sipyC. Epo3iiiHO-gerpafoBaHi AinsgHKM € AOCUTb
6ifHMMK, HalBiNbL penpeseHTaTVBHUMWU € MpPefCTaBHUKM  poauHn Poaceae, Caryophyllaceae,
Asteraceae. BcTaHOBMeHO, WO 3a rpafieHTOM eposiliHol Aerpafauii MocTynoBo 36i/bLYETbCA
KifbKiCTb KpUNTOQiTIB Ta TepodiTie. OCOGAMBICTIO € MOBHA BIACYTHICTb Ha CUIbHO €pO3iliHO-
JerpafioBaHux AinsgHkax (aHepodiTis. AHani3 CNEKTPY >XXUTTEBUX (POPM POCAMHHOIO MOKPUBY Ta
TMny Oy[O0BM NaroHa CBifYMTb NPO HAsBHICTb CBOEPIAHMX MOPGONOTiYHUX MNPUCTOCYBaHb Ta
ajanTauiii pociMH O MOCTIMHO 3MiHEHWX [PYHTOBMX YMOB. 3a €KOMOTIYHOK CTpaTerieto
BCTaHOB/IEHO 36i/bLUEHHS YaCTKV EKCM/IEPEHTIB MO Mipi 3pOCTaHHS epo3iliHOI AUTPeCiT rpyHTY.

OuiHKa eKonoriyHMX napameTpiB cepefoBuMLLa iCHYBaHHS BWAIB MoKasana, Lo 3a Aii pisHoi
iHTEHCUBHOCTI BN/MBY BOAHOI €po3il Ha POCAUHHWIA MOKPWUB  MIMITYIOUMMMW  €KOMOTiYHUMMU
UMHHUKAMW € BOMOTICTb Ta 3araflbHAA COMbOBUIA PEXWUM TPYHTY, NPU LbOMY XapakTepHUM €
nocTynoBe 306i/blUeHHs1 MO Mipi gurpecii rPyHTY KifbKOCTI BWAIB 3 LUMPOKOK €KO/MOriYHO
amnnitTygoto  (Me3oBasleHTHI, TeMieBPOMBANIEHTHI, €BpUBANIeHTHI). BusABMeHI  3aKOHOMIpPHOCTI
CBiAuaThb NPO epo3iiiHe Ta aHTPOMOreHHe Nofasblie MiACUIEHHA AerpajaLlii X NiCOBUX eKOCUCTEM,
O, B CBOK Yepry, CMPUYMHSAE 3HVKEHHS TifpONOrivyHOi poni niciB y BOAO360Pi, 3pOCTaHHSA
IHTEHCUBHOCTI BOAHOI epo3ii rpyHTy Ta 36i/blueHHs Hebe3neky NposiBy eKOMorivyHWX 3arpo3 ans
HacCeNeHHs, MPUPOAHNX EKOCUCTEM, CYMIXKHUX 3eMeNbHUX YTifb | KOMYHiKaLii.
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AHANN3 BSAMOCBA3N PACTUTE/IBHOT O NMOKPOBA
N MHTEHCVBHOCTW BOAHOWM 3PO3NUN B TOPHBLIX YC/TOBUNAX

AHHOTauuss. OAHON M3 OCHOBHbIX MPUYKMH TpaHC(OPMaLMKM CTPYKTYPbl PacTUTENbHOrO
MOKPOBA, CHWXEHWUS €ro YCTOMYMBOCTM WM EMKOCTW SBMISIETCA pa3BUTME BOAHOW 3p03UMM B FOPHbIX
yCnoBusx. bnarofaps YHWKanbHbIM NMPUPOAHLIM YCNOBUSM, NEPECEYEHNIO HECKONBKUX NPUPOAHBIX
30H camMbiM 6oraTbiM Ha 61opasHoo6pasvie PermoHoM YKpauHbl SIBNSieTcs HOXHbIA MaKpOCK/IOH
KpbIMCKYMX rop, B KOTOPOM 3P03MOHHO-0MACHbI MOBEPXHOCTHLIV CTOK (DOPMUPYETCS MOZ BAUSIHUEM
abyoTNYeCKNX, BUOTUYECKMX M aHTPOMOTEHHbIX 3KONOTMYECKMX (DaKTOPOB.

B poboTe ycTaHOB/IEHO, YTO UCC/e0BaHHbIE CPeHEBEKOBbIE Jy60Bble fleca ABAAKTCS HU3KO-
NPOAYKTVUBHLIMW, ~ CUMIbHO  OCNAGNEHHbIMU  BCNEACTBME  NMPUPOAHBLIX — YCNOBWIA,  CHUXKEHMS
YCTOYMBOCTU U NPOU3BOANTENLHOCTY B NpoLiecce 4-5 reHepaumii eCTECTBEHHOTO BO30OHOBNEHNS.
VIX COCTOSIHME YXYALUAeTCs MO MEPe CHUKEHWS OT BEPXHEM [0 HWKHEl, MPUOPEeXXKHOW YacTu
BOOCG0pa B 3aBMCMMOCTM OT YBENWYEHWS KPYTWU3HbI HaknoHa MoBepxHocT 6Gonee 20°. Ha
3P0O3MOHHO-AErpafupoBaHHbIX — yyacTKax  Hauboniee  penpeseHTaTVBHbIMKM - NpeacTaBUTENSMU
ABNAOTCA  cemelictBa Poaceae, Caryophyllaceae, Asteraceae. YCTaHOBNEHO: YBeNUYEHUE
KONMMYeCTBa KpUNTOUTOB, TEPOUTOB W 3KCMJIEPEHTOB; MOSIHOE OTCYTCTBME Ha AErpagmpoBaHHbIX
yyacTkax aHepoduToB. MMpoBefeHHblE aHaAM3bl CMEKTPA >KU3HEHHbIX (IOPM M TUMa CTPOEHUS
nobera CBWAETENbCTBYIOT O HaMUAM  CBOEOBPA3HbIX MOPKOMOrMYECKUX  NPUCNOCOBEHWIA,
afjanTaunii pacTeHWn K MOCTOSIHHO W3MEHSHOWMMCS MOYBEHHBLIM YCMOBUAM. JIMMUTUPY LMK
3KOMOrMYeCKMMM (haKTopamm SIBMISIKOTCS BNAXKHOCTb M OOLLMIA CONEBOI PEXMM MOUBbI, XapaKTepHbIM
€CTb MOCTENEHHOE YBE/MYEHWE MO Mepe [AWrPeccuMi MNoYBbl KOMMYECTBA BMAOB C  LUMPOKOIA
3KO/IOTrMYECKO aMNnNTy oM (Me30Ba/IEHTHbIE, FTEMU3BPUUNBASIEHTHbIE, 3BPUBANIEHTHBIE).

KntoueBble CNoBa: BOAHAS 3p03ust, pacTUTENbHbIA NOKPOB, 3KONOTrMYeckue PakTopbl.
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INTRODUCTON

The Southern macroslope of the Crimean Mountains is the richest in biodiversity
among the regions of Ukraine owing to unique environmental conditions, adjoining Black
Sea and junction of several natural zones (Davydova, 1991; Bokov, 2009).

At the same time mountain terrain of the region are under a mighty anthropogenic
influence that limits normal development of vegetation cover. As the studies testify, the
underregulated anthropogenic induction has caused significant disturbance of
environmental balance of catchments' ecosystems of the Southern macroslope of the
Crimean mountains, increase in number, frequency and intensity of manifestations of
negative ecological factors. Expansion of outwash is one of the main reasons of
transformation of vegetation structure, decrease in its resistibility and capacity there. The
studies of «vegetation cover-outwash» links is complicated by the following reasons: the
geomorphologic structure and vegetation of catchments are rather mosaic; the area of
subsurface catchments does not coincide with the area of the surface ones due to presence
of karstic communications between different catchments; locally encouraged precipitation
which is organic to mountain ecosystems; most rivers and water flows are regulated ones
(Gorshenin, 1994; Klyukin, 2007; Wells, 2001). In the Crimean mountains the erosion
hazardous run-off is being formed under the interdependent influence of a great number of
ecological factors of abiotic, biotic and anthropogenic origin, among which a great role is
played by the sylvan by regulating the distribution of atmospheric precipitation in time and
space. The reaction of vegetation cover upon erosive phenomena depends on the type,
intensity and duration of the process exposition, that can be detected both at the coenotic
level — intermediate observation of the parameters of the entire coen, and at populational
level, subject to control over the entirety of the coen (Egas, 2004; DeWitt,1998).

So, the aim of study was the analysis of dependence between the state of vegetation cover
and the intensity of outwash at experimental plots of the Southern Coast of the Crimea.

MATERIAL AND METHODS

Depending on the anthropogenic transformation gradient at different elevations and
different slope steepness in the upper, middle and lower parts of Andus river catchment in
accordance to the principles of comparative ecology the ecological profile consisting of
three experimental plots (EP) was founded (Tab. 1). EP1 is at the distance of 1 km off the
highland plateau of Karabi-Yaila massif mass (800 m asle) in a slightly eroded zone, EP2 —
on a medium eroded slope, EP3 — on a riparian heavily eroded slope that protrudes to the
coastal communications line. For each stand, forest mensuration parameters were
determined: weighted average diameter (D) and height (Hae), age (A), mean tree basal
area (G), total number of trees (N), stand density (P), growth class (B), stand of timber (M).

Table 1
Characteristic of oak stands
Altitude Steepness
Ne above of slope a, H, D, A G, m?/acr. N, P B M,
EP m cm | years us./ acr. m 3/acr.
sea-level, m degree
1 400 12° 58 | 134 65 12,31 833 09 | IV 160
2 200 24° 37| 88 65 3,59 581 05| V 110
3 175 35° 331 79 60 114 202 02|V 90

At the EPs field studies of structural-functional elements of phytocoenosis (stand,
staddle, underwood and vegetational cover) were conducted by common forestry and
geobotanical methods (Anuchin, 1977; Tsiganov, 1983; Vorobev, 1967). The plants' named
were identified by S. Cherepanov (Cherepanov, 1995). To appraise the diversity of species
was used the scale of J. Braun-Blanquet (Braun-Blanquet, 1964). The systematic structure
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of the herbage was given consideration; life-forms were considered by Ch. Raunkiaer
(Raunkiaer, 1934); the structure of above-ground bines, types of ecological strategies by
L. Ramenskiy (Ramenskiy, 1938). The appraisal of ecological environmental attributes was
made under scales of D. Tsiganov (1983): 1) climatic: thermo-climatic scale (Tm), climate
continentality (Kn), ombroclimatic scale (Om), cryoclimatic scale (Cr); 2) soil: moisture
(Hd), humidification frequency (Fh), nitrogen value of soils (Nt), salt regime (Tr) and
acidity of soils (Rc). In order to determine the quantitative appraisal of usage of each factor
under the method of L. Zhukova (2010) based on the graduations of scales by D. Tsiganov
(1983), the ecological valence of each species was specified. The area of EPs was
calculated with the account of steepness of the slope. The phytosanitary state of trees was
appraised in accordance with the Phytosanitary Forest Regulation in Ukraine (1995). The
stand state index was calculated as sum of gains in the index of trees' state for the number
of trees in a certain category, divided by total quantity of examined trees. Stand with index
value from the interval 1-1,5 (1) are considered healthy, the weakened ones (II) — 1,51-
2,50, heavily weakened (I11) — 2,51-3,50, the wilting ones (IV) - 3,51-4,50, recently dead
(V) — 4,51-5,50, old dead stands (VI) — 5,51-6,50. In order to avoid the influence of
irregular intensity of sylvicultural practice upon the index of stand state, for each category
of states the weighted average Kraft class (WAKC) was calculated as the sum of gains of
number of trees of each Kraft class to its index (I-V), divided by total number of certain
category of state. For this purpose the trees of each category were subdivided into 5 more
groups according to Kraft classes. Classes VV* and VV° were united into class V, since the
trees of these categories were rarely found in the studied plant plots. The WAKC depicts
the localization of damage zone in the tree stratum: the closer the WAKC is to Kraft class I,
the higher is the degree of damage, since this evidences that the most persistent trees are
influenced by negative ecological factors. The degree of damage of a territory was
determined under N. Gorshenin (1994), A. Klyukin (2007).

RESULTS

The Andus river springs at the Southern slope of Karabi-Yaila massif mass in the
central part of the Southern coast of the Crimea. The soils are arenose, in the upper stream
adjacent there are limy chumps and break stone. Under the clay loams there is a red clayey
soil thick layer. The catching is covered with dry oak and hornbeam forests of
predominantly two types — very dry and dry hornbeam and oak subors. Most frequently are
formed the stands of natural origin of the 4th- 5th generations with dominating of Quércus
robur L. and Carpinus betulus L. In the underwood dominating are Crataegus pojarkovae
Kossych., Carpinus orientalis Mill., Rosa canina L. It is discovered, that the main type of
soil erosion on slopes over 20° in the catchment is outwash, and erosive manifestations
begin in the zone of partially degraded forests where the canopy closure is below 0.6. Only
at its Eastern edge, where the slope is 30° steep, the herbage and soil are damaged, in spots
reaching the loose subsurface rock. At the same time, under a tight canopy cover the typical
forest vegetation is well preserved, and there are no signs of erosion. More degraded EP2
has rather lower parameters. Stand consists of fragments, comprised of patches of
vegetative renewal of Quercus petraea Liebl., each of 6-15 plants which differ by
development and state. Erosive formations are developing, they are partially covered with
turf, but in some places on cleve elements of mesorelief the rock comes to the surface
(Tab. 2). Only in the places, where biogroups of Q. petraea Liebl., are developing the
growth of erosive formations has suspended. Even worse are the corresponding figures at
EP3. All detected erosion gullies in the lower part of catchment are active. The erosion rate
under majority of criteria at EP3 is twice higher. The ecological profile clearly shows the
gradient of catchment area erosive degrading increase depending on growth of cleveness of
slope. It conforms to known data on increase of potential energy of erosive processes down
the slope under the influence of increase of speed and mass of direct runoff. Sylvipathological
survey of the profile's vegetation has not discovered fireplaces, pests and deceases.
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Table 2
Characteristic of gullies at the ecoprofile

Characteristic of ravines, transformation of EP EP2 EP3
Number of gullies on experimental plots, pcs. 4 2
Average depth, m 3,8+0,2 7,510,4
Average width, m 2,6+0,1 4,3+0,2
Average distance between the gullies, m 15,2+0,8 25,5+1,3
Average ravines length within the experimental plot, m 58,4+2,9 120, 36,0
Average volume of erosional forms m3/acr. 963,9+48,2 3341,7+167,1
Dissection degree of area gullies, m/acr. 7,4+0,4 2,840,1
Degree of transformation middle, IV stadium | intense, Il stadium

The analysis of the stand structure testifies that the biggest number of very weakened
and dyeing trees was detected in EP3. The number of weakened trees decreases: 23,6 %,
13,4 %, and 7,3 %. At the same time it is noted that at EP1 and EP2 this category is
represented predominantly by trees of Il Kraft class, compared to the EP3 having
weakened trees by 81 % consist plants of 11 Kraft class. Even codominants' development is
more depressives at EP3. The medium eroded EP2 contains 19,1 % of wilting trees, the
highly eroded one — 15,1 %. But at the last EP3 also 4 % of codominant trees are in this
category (WAKC=3,0). At the same time at EP1 and EP2 the drying out pattern is close to
the natural mortality: WAKCgp;=3,4; WAKCgpr,=3,5, that is accordingly 40 % and 50 %
are the trees of IV category. The representatives of V category also are represented richer
on EP2 and EP3. It evidences higher intensity of stand wilt at EP2 and EP3 (Tab. 3).

Table 3
Phytosanitary structure of oak stands at the ecoprofile
Category
Ne [ ] 11} v \Y Vi Index
WAKC| % |WAKC| % |WAKC| % [WAKC| % |WAKC| % |WAKC| %
1 - - 29 |236| 30 |655| 34 | 80| 50 |05 61 | 24| 311
2 - - 30 |134] 33 |649| 35 |191] 41 |19 50 |06 335
3 10 [031]| 22 73] 32 |757] 30 |[151] 50 | 14 - - | 312

Reaction of herb stratum upon appropriate changes of edapho-lithogenous basis is
indicative. The herb stratum of the most erosion degraded MP3 is rather poor, the
representatives of families Poaceae (46,2 %), Caryophyllaceae (23,1 %) Ta Asteraceae
(15,4 %) which are present on all the elements of gullies. For the medium zone the most
widely spread are also families Poaceae, Caryophyllaceae Ta Asteraceae. Only in the
places, where biogroups of Q. petraea Liebl. are developed, start to appear species of other
families, namely Fabaceae, Rubiaceae, Brassicaceae etc. Such domination of Poaceae,
Caryophyllaceae and Asteraceae is associated with erosive formations, where the most
active are processes of deformation and creep. The most florist saturation (27 species) and
range of families (11) is detected in the control plot, which is typical for this forest type.
Within the framework of study of interrelation between «outwash-vegetation cover»
distribution of plants by life-forms system is important. Hemicryptophytes (56,3 %)
dominate in phytocoenosis with mild erosive degradation, cryptophytes (21,9 %) and
phanerophytes (15,6 %) are spread there. With the gradient of erosive degradation the
quantity of cryptophytes and therophytes increases gradually. Maximal quantity of
therophytes is characteristic for EP3 — 38,5 % (with the account of minimal species
saturation) (Tab. 4).

An interesting peculiarity is complete absence of phanerophytes on highly erosion
degraded plots, which is explained with a weak mechanism of adaptation of phanerophytes'
generative organs to strong anthropogenic loads. So, the range of vegetation life-forms of
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the ecoprofile testifies the presence of original morphological fit and adaptation of plants to
permanently changing soil environment.

Table 4
Biological spectrum at the ecoprofile
Life-form EP1, % EP2, % EP3, %

Phanerophytes 15,6 9,1 -

Chamephytes 3,1 13,2 15,3
Hemicryptophytes 56,3 36,8 23,1
Cryptophytes 21,9 27,3 38,5
Therophytes 3,1 13,6 23,1

One of features characterizing the conditions of a habitat is the built-up of plants'
surface shoots. By this criterion there is quantitative domination of species with non-rosellate
pattern of surface shoot formation in the regional flora (Golubev, 1989). On medium (63,0 %)
and slightly (53,9 %) eroded plots a significant place is occupied also by species with non-
rosellate type. The number of species with semi-rosellate built-up of surface shoot increases
by growth of erosive degrading of soils from 25,9 % (EP1) to 35,8 % (EP3). Maximal
quantity of species with rosellate type is characteristic for EP3 — 16,6 %. It is explained by
morphological peculiarities of adaptation of plants to dynamic soil conditions. By co-relation
of ecologic & coenotical strategies of plants the increase of share of explerents by increase of
soil erosive digression is detected at the ecoprofile. Thus, the number of explerents at EP2 and
EP3 is almost the same (52,3-52,4 %), but at a slightly damaged plot the number of
explerents comprises one-fifth (22,3 %) of total number of species. In this case the biggest
quantity of violents (43,1 %) and patients (34,6 %) is naturally determined.

It is known that each organism is characterized with ecological amplitude — the range
of indicator values allowing it to exist. Analysis of ecological scales that characterize
climatic factors showed that the biggest number of broad valence fractions is detected at
medium and heavily damaged territories. On slightly damaged territory there were not
detected any species which are eurybiontic towards climatic factors. Studying the
interrelation «outwash-vegetation cover» revealed that more actual appears to be the
distribution of valence fractions relevant to soil factors, especially moisture and salt
relations in the soil (Figs. 1, 2). As against climatic factors moisture and salt relations in the
soil have narrower values ranges.

")

1 2

Gradient
of erosinal degradation
[ Hemistenotopic 0 Stenotopic B Mesotopic & Hemieurytopic & Eurytopic

Fig. 1. Soil moisture

The appraisal of ecological parameters of the environment where the species exist by
soil moisture testifies that stenotopic and hemistenotopic species on the slightly eroded plot
comprise 70,37 %, on the medium one — 63,42 %, the heavily eroded one — 40,0 % (Fig. 1).
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Such distribution of valence fractions testifies that confirmed are theoretical and
experimental data on the fact that species with the least tolerance index take dominating
position in constant or slightly changes habitats (Parsons, 1994). And vice versa, the
increase in number of eurybiontic species by the transformation gradient testifies evidences
the amplitude of eurybionts' reaction to the set moisture regime resulting from the influence
of water erosion (0 %, 10,5 %, 16,7 %). Upon study of habitat conditions within the
ecoprofile with common salt regime it is detected: irrespective of the level of
transformation of surface soil the hemistenovalence fraction prevails in all experimental
plots; the number of eurybionts increases by digression growth; almost similar on the
ecoprofile is the distribution of mezovalence species (Fig. 2).
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Fig. 2. Salt regime

In general, the appraisal of habitat conditions under common salt regime and moisture
of the soil has the same trends connected with prevailing of species that have broad
amplitude of fluctuations in relation to relevant edaphic factors on more degraded
territories. How such dynamics of ecological parameters can be explained? We believe that
the increase of stenobionts' share depending of soil moisture can occur in the result of
extortion of eurybiontic species from the vegetative community through this factor,
secondly — the increase of share of stenobiontic, new species which are more adapted to
rich habitats. The fact that among forest species there is no adaptation to fluctuations of
moisture changes may in such groups result from absence of inter-specific and intra-
specific competition under this parameter following relatively steady environment
conditions, that arise through depositing of moisture under the cover of layered tree
vegetation and developed ground litter layer and humic layer. All this provides for
stationary relatively steady conditions by soil moisture without sharp fluctuations as this
inevitably happens in erosion degraded soils where a closed multilayer shoot is absent.

CONCLUSION

The analysis of vegetation cover depicts the integral effect of inter-action of
exogenous and endogenous ecological factors. The anthropogenic factors shall be referred
to determinant exogenous factors. The secondary ones, which are currently gaining
development, are the endogenous factors of inter-specific and intra-specific competition
between forest species and non-forest ones, which fill the ecological niche that has become
free. The studied middle-aged oak forests are low-productive and heavily weakened. Their
state is degenerating as going down from the upper to the lower parts of the catchment
depending on increase of cleveness of surface on slopes. The most sensible indicator of
outwash manifestations' intensity is the herbage. Most representative are the members of
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Poaceae, Caryophyllaceae and Asteraceae. It is found that: depending on the gradient of
erosion degrading the quantity of cryptophytes and therophytes is gradually increasing;
complete absence of phanerophytes on heavily erosion degraded plots. The range of
vegetation life-forms evidences the presence of specific morphological accommodations
and adaptations of plants. By ecological strategy the increase of share of explerents by
increase of soil erosive digression is detected. Subject to varied intensity of outwash
influence upon the vegetation the soil moisture and salt relations are the limiting ecological
factors, provided that gradual decrease of mezovalence, hemieuryvalence and euryvalence
species is characteristic. The revealed regularities evidence the erosive and anthropogenic
further growth of degrading of these forest ecosystems, that causes decrease in hydrological
role of forests in the catchment and increase in intensity of soil erosion.
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Abstract. Plant communities of the 31 pastoral grasslands have been assessed using the
phytoindicative analytical method of Ellenberg (1974) in order to compare the community reactions
on the habitat-climatic and habitat-edaphic conditions of the following 3 physic-geographical zones of
Chernivtsi Region in Ukraine: Plain, Foothills and Mountains. An average realized niche of each
plant species has been assessed along the gradients of the study factors of habitat-climatic conditions,
such as: insolation, thermal regime and the degree of continentality, as well as the following habitat-
edaphic conditions: the soil moisture, acidity, and nitrogen content. The deviations of the pastoral
plant communities from their potential climax states have been assessed.
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AHoTauif. bina 78 % cinbcbkorocnogapcbkux rpyHTiB (56 % Bif 3aranbHOT Nowli 3emenb
YkpaiHu) € OpHUMW, L0 CKNafae HalBULLMIA piBeHb pPo3opaHoCTi FpyHTIB B €Bponi (Sutton, 2008).
[JerpafioBaHi NacoBULLIHI KV NigUPYIOTb B CMIUCKY TakWX, LLO KOHBEPTYIOTb B OPHi arpocuctemu,
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O6’eKTaMn  JOCNigKEHHS OYAM  POCAUHHI  yrpynoBaHHA 31 NacoBWLLHOI  €KOCUCTEMM.
LocnigpKyBaHi yKn BUKOPUCTOBYHOTLCS HACENEHHSIM A1 BUMACy BE/IMKOK POrartoi XyAobu. PocanHHi
3paskun 4ns GiToiHAMKauiT Bigbmpann nig Yac niky cesoHy Beretauil (4epBeHb—mneHb) B 2005, 2006 i
2007 3 pocnigHux finaHok 10 M x 10 M A1 KOXXHOMO 3 NOPIBHIOBAHWMX MacoBuLl. BusHavanv BugoBy
MPUHANEXHICTb POCMH Ta YMCENbHICTb KOXHOrO BWUAY B YrpynosaHHi. JocnifpkyBaHi POCMWHHI
YrpynoBaHHA aHanisyBanv 3a [OMOMOroK (iTOoiHAMKALiAHOrO aHaniTmyHoro metogy Ennen6epra
(1974) ons nopiBHAHHA peakLii yrpynoBaHHA Ha KTiMaTU4Hi YMOBM CepefloBULLA Ta (DaKTOpU IPYHTY.
CepeHs peani3oBaHa Hillla KOXXHOr0 BUAY POC/AUH OLiiHEHa 3a rpadieHTamm LOCNiIKEHHS KNiIMaTUYHUX
(haKTOpiB, TAKUX AK: IHCONAL,iT, TENNOBOr0 PEXUMY i CTYNEHA KOHTUHEHTANBHOCTI, & TaKOX HaCTYMHUX
'PYHTOBMX YMOB: BOMOFOCTi, KMCAOTHOCTI Ta BMICTY a30Ty. OUiHEHO BIiAXWNEHHS  POCAMHHUX
YrpynoBaHb Bif X NOTEHLiIHOrO KNiMaKCOBOro CTaHy.

BWKOPUCTaHHA MOKa3HWKa CepefHbOl peani3oBaHOi Hilli BWAIB POCAWH B3LOBX rpafieHTy
JocnifpKyBaHUX KNiMaTUYHUX Ta TPYHTOBUX (DAKTOPIB MOKa3ano, L0 POC/MHHI YrpynoBaHHA €
UyTAMBAMM iHAMKATOPaMM LWOAO 3MiH YMOB CepefoBuMLLA. BCTaHOBNEHO, WO BifXWUAEHHA POCAVHHNX
YrpynoBaHb Bif 1X MOTEHLiMHOIO KiIMakCOBOrO CTaHy 3pOCTaE NPV MepecyBaHHi y HanpsMKy Bif
ripCcbKOi 30HW [0 PIBHWUHHOI, WO MOXe 6yTh 06YMOBNEHO 36iNbLUEHHAM aHTPOMOreHHOro Br/NBY Ta
NacTopasibHOro HaBaHTAXKEHHS Ha IyYHi EKOCUCTEMU B HAMPAMKY Bif, Fip 40 PIBHUHHOT 30HW.
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YCNOBUA CPEAbLI KAK OMNPEAENAOWNE ®AKTOPBLI
PACTUTE/IbHbIX COOBLIECTB JIYTOBbIX 3KOCUNCTEM:
PUTONHANKALUNOHHBIV AHATUTUYECKNW MOAXO[,

AHHOTauus. CpenaHa OUeHKa pacTuTeNbHbIX coo6LiecTB 31 NacTOuLLHOM 3KOCUCTEMbI C
MOMOLLbI0  (PUTOMHAMKALMOHHOIO aHaIMTUYecKoro metoga OnneHbepra (1974) ansa cpaBHeHWs
peakLun aHTPOnoreHHo-TPaHC(HOPMUPOBAHHBIX COOGLLECTB Ha KAMMATUYECKWEe YCNOBUA Cpefbl U
afatmyeckne hakTopbl B Mpegenax Tpex (M3MKO-reorpaduyeckmx 30H YepHOBMLKOWA 06nacTv
YKpavHbl: paBHWHHasA 30Ha, nNpearopbe U ropbl (Kapnatbl). Vcnonb3oBaHWe nokasatens CpegHei
peasn30BaHHON HULIM BWAOB PacTeHWA BAOMb rpajueHTa WCCNefyemblX KIMMaTUYecKux U
afauyecknx akTopoB MOKAa3ano, YTO PacTUTESNbHble COOGLLECTBA ABMAKOTCA YyBCTBUTENbHLIMU
VHAVKATOPaMW  U3MEHEHWA YCNOBUIA Cpefibl. YCTaHOB/IEHO, YTO OTK/IOHEHWE PaCTUTESbHbIX
COOGLLECTB OT WX MOTEHLMANEHOTO KAMMAKCHOrO COCTOAHWA BO3pacTaeT Mpu NepefBudkKeHnn no
HanpaB/IEHNIO OT TOPHON 30Hbl K PaBHWHHOW, YTO MOXeT ObiTb 0OYCNOBMEHO YBeNMYEHUEM
aHTPOMOreHHOro BO3AENCTBMS W NAcTOPanbHOM HAarpy3ku Ha JlyroBble 3KOCUCTEMbI B HarpasieHnm
OT rop K paBHWHHOI4 30He.

KntoueBble cnoBa: (UMTOMHAMKaUMA, (UTOLEHO3, macTbulle, nyr, aHaIMTUYECKUA MeTOf
AnneHbepra.

INTRODUCTION

Near 70 % of Ukraine's total land area of 60 million hectares is classified as agricultural
land, which includes cultivated land (grains, technical crops, forages, potatoes and vegetables,
and fallow), gardens, orchards, vineyards, and permanent meadows and pastures (US
Department of Agriculture, 2004; 2014). Due to the Ukrainian National Department of the
Soil Fertility Conservation the 78 % of the agricultural lands (56% of the Ukraine's total land)
are arable, and it is the highest level of land plowing in a Europe (Sutton, 2008). Such
increase dramatically in land arable and soil cultivation is a result of the large industrial farms
shifting away from cattle toward crop production since 2000. Cattle livestock is not quickly
profitable and not as attractive to investors as the other types of farming. The collapse of the
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Soviet Union in 1991 increased feed and production costs and reduced profitability for cattle
livestock enterprises (US Department of Agriculture, 2014). Because of reduce in cattle’
inventories the demand for forage is continuing to shrink, which is followed by the
transferring of the natural pastoral grasslands to the plowed lands in order to supply the crop
production. These anthropogenic influences are dramatically crucial and irreversible for the
native ecosystems. Ukraine’s agricultural sector is estimated to cause 35-40 percent of all
environmental degradation (US Department of Agriculture, 2004).

The aim of the current paper is to define the special characteristics of the flora
community reaction on habitat conditions within the three geographically different areas
(Plain, Foothills and Mountains); each one is determined by specific macroclimate and
history of vegetation development. The null hypothesis is that flora composition of the
grassland communities reacts the most vigorously to changes in abiotic conditions, and
reflects anthropogenic influences the most quickly.

MATERIALS AND METHODS

The study objects are the plant communities of the 31 grassland ecosystems, which are
located within the three distinct physical-geographical zones of Chernivtsi Region (47°43' —
48°41' N x 24°55' — 27°30' E) of Ukraine: Plain, Foothills, and Mountains, each one is
determined by specific characteristics of landscapes, climate, elevation, age and type of rocks.
The physical-geographical zonation of Chernivtsi Region is due to mapping of Voropaj (2004):
Plain zone is located in a north part of a region between rivers Prut and Dniester; Foothill zone
is a central before-mountain area of Chernivtsi Region; and Mountain zone is presented by
Bukovina Carpathian Mountains, which are located on the south of the study region. All of the
study grasslands, unmanaged since 1992, are used as commons for cattle pasturing by private
household farms, which typically have two to three head of cattle per farm.

The sampling and analysis methods were performed in the same way for each of the
compared ecosystems. Biological samples for phytoindication analysis were gathered during peak
growing seasons (June — July) in years 2005, 2006 and 2007. Study plots for each of the compared
pastures were 10 m x 10 m. Plant specimens were identified to species. Plant cover (C;) in study
communities was measured as a visual assessment of the relative area covered by each species
i=1,...n within the composition of community in a study plot 1m x 1m, and then recorded as a
continuous variable ¢ between 0 and 100 % and transferred into the Braun-Blanquet (1965) cover
classes (C;) as follows: C; =5, when ¢ > 75 %; C; =4, when 50 % > ¢ < 75 %; C; =3, when
25>¢<50%; C;=2,when5>c<25%;and C;=1,when1>c<5%.

Each of plant species i within the study communities was analyzed using the
analytical method of Ellenberg (1974) in order to assess the factors f of habitat-climatic
conditions, such as: insolation L, thermal regime T and the degree of continentality K, as
well as the following habitat-edaphic conditions: the soil moisture F, acidity R, and
nitrogen content N. The index for each factor f (n=1...6) is a continuous variable f;, which
is assessed for each species i, as follows in table 1.

The phytoindication measure X; of a total community reaction on a factor f was
calculated as follows: X ¢ = SC;f;, / >C;, where C; is a plant cover class (C;=1...5) of
species i=1,...n assessed by the Braun-Blanquet method; f; is a value of factor f of each
species i=1,...n within the community, where f is 1 of the following 6 factors analyzed
using the analytical method of Ellenberg (1974): L, T, K, R, F, N. The X; expresses an
average realized niche of species along the gradients of the study factors f.

The reference value for each factor f is linked to its mean (my¢) assessed across all
pastures within each of study physic-geographical zone of Chernivtsi Region (fig. 1). Due
to Didukh and Gaiova (2008) the reference value expresses potentially the reference climax
state of the study community.

Relative deviation r; of the measured values of f from the reference value was
assessed as follows (Didukh and Gaiova, 2008): rs = X ¢ - m; / maxs* 100%, where X is a
phytoindication measure of a total community reaction on a factor f; m¢ is a mean value of
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Xt assessed across all pastures within each of study physic-geographical zone of Chernivtsi
Region; max; is a maximum possible value within the scale of factor f.

An overall deviation of plant community relatively to the reference point was
quantified as an average of relative deviations r; of the measured values of f from the
reference values: r=3r¢/n, wherenisanumber of factors f (n=6).

Table 1

Description and abbreviation of the factors f under assess driven
from the analytical method of Ellenberg (1974)

Factor f,

abbreviation max Description

Habitat-climatic conditions:
indicates the relative strength of insolation; vary from 1 (species

Insolation, L 9 requiring full shade) to 9 (plant species requiring full light).
describes the resistance of a species to the frequency and length of
Degree of 9 occurrence of dry periods in the growing season, as well as to the
continentality, K length of the pre-frost period; vary from 1 (the most features of an
Atlantic climate) to 9 (the most continental features).
Degree of the indicates the resistance of a plant species to the thermal regime; vary
temperature 9 from 1 (species requiring low temperatures) to 9 (species requiring
regime, T high temperatures).

Habitat-edaphic conditions:
expresses the ecological reaction of species in relation to the humidity
of the substrate in the growing season; vary from 1 (species requiring
extremely dry soils) to 12 (aquatic plants that are mostly completely
submerged in water).
reflects biologically the acidity of the substrate experienced by plants
Soil acidity, R 9 from; vary from 1 (species requiring highly acid soil [pH < 3.5]) to 9
(species requiring neutral or basic soils [pH > 6.5]).
expresses the ecological reaction of species to the content of nitrogen in the
9 soil; vary from 1 (species only occurring in soils poor in nitrogen) to 9
(species only occurring in soils with high content of nitrogen).

Soil moisture, F 12

Nitrogen content
in the soil, N

RESULTS AND DISCUSSIONS

Within the study area the measure of phytocenosis reaction on the soil humidity X varies
from 3.4 to 5.3 with an average value m=4.2 (SD(+)=0.4). In general these data expresses the
high level of the soil humidity within the study pastures from the prospective of the
phytoindication analysis. It can be explained by the leaching (permacidous) type and periodic
leaching type of soil moister regimes, where the soil returns less moisture to the atmosphere than
it receives. Comparative analysis of the X within each of the three physic-geographical zones
of Chernivtsi Region shows the following minimum, maximum, and mean values respectively:
for Plain zone (3.6 < Xg <£4.8; m =4.2, SD(+)=0.4); for Foothills zone (3.4 < X £5.3; m=4.2,
SD(+)=0.5); and for Mountains (3.7 < Xg < 4.7; m=4.2, SD(+)=0.3). Grasslands of wet
foothills from time to time are perched by groundwater, because the excess moisture is
percolated down to the dead horizon of desiccation.

The important property of soils is also their acidity. The reaction of plant
communities on the soil acidity R expressed by the measure Xy varies in general within the
study area as follows: 2.3 < Xg< 5.7, m=4.0, (SD(+)=0.8). Within 12 pastures of Plain area
Xg vary between a low of 2.3 and a high of 5.0 with the mean value m = 3.7 (SD(+)=0.9).
Within 12 pastures of Foothills the measure X ranges from 3.0 to 5.7 values (m = 4.4,
SD(#+)=0.7). The minimum, maximum, and mean values are respectively 3.5 < Xg < 4.5,
m = 3.9 (SD(+)=0.4) for the measure Xg within 7 pastures of Mountain area. Plain area
has a high diversity of soil types, which may explain the high variety in values of measure
Xg within the plant communities of Plain zone. Foothill area has acidic soils, but also it is
an ecoton between two other zones, which may explain the high range of values of X.
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Mountain soils are mostly acidic, that is expressed by mountain plant communities as low
range and variation in plant reaction to the soil acidity.

Table 2
The phytoindication measures X; of the study communities’ reactions on factors f
X; of factors f under assess:
Study grasslands F N = 3 T 7
Vikno 4.6 4.7 3.6 7.3 3.8 2.4
Kostryzhivka 4.3 3.9 5.0 7.4 4.3 3.3
Luzhany 4.3 4.0 4.4 7.2 7.2 3.0
Polyana 3.6 3.2 25 6.2 2.1 3.0
@ [ Chornyvka 3.9 4.3 3.3 6.9 2.9 3.8
R | zelena 4.3 3.0 2.8 7.3 3.3 3.2
= | Vovchynec 3.8 4.0 5.0 7.9 5.0 3.5
o | Stavchany 3.6 3.5 3.7 6.9 2.5 2.6
Grushivcy 4.4 5.6 2.3 6.8 3.3 3.2
Myhalkove 4.4 5.1 3.5 7.3 3.9 4.0
Magala 4.8 4.3 4.6 7.2 2.9 3.3
Zarozhany 4.4 2.8 3.2 7.1 2.6 3.1
o | Ternavka 3.7 3.5 5.0 7.5 3.7 3.7
‘= | Gorbovo 4.3 4.1 4.3 7.1 3.6 3.2
§ Valya Kuzmyna 4.1 3.6 4.6 7.2 4.3 3.9
* [ Myhalcha 3.4 2.3 5.7 7.0 3.1 4.1
Cher. Dibrova 4.2 3.9 4.6 7.2 4.3 3.4
Dubovo 4.1 3.7 5.0 7.5 3.2 3.8
o [ Kostynsy 4.6 3.9 4.3 6.9 3.1 2.7
‘= | Brusnyca 4.1 3.4 4.4 7.5 3.5 3.6
§ Chereshenka 5.3 5.2 3.0 7.5 2.1 2.4
. Banyliv Pidgirnyj 4.4 3.1 3.2 6.9 2.8 3.1
Krasnoyilsk 4.6 3.6 4.6 7.4 3.5 3.0
Staryj Vovchynec 4.1 4.6 4.5 6.5 3.4 3.4
Stebnyk 3.7 3.4 4.1 3.9 3.2 3.5
¢ | Lopushna 4.0 3.0 4.4 6.4 3.1 3.8
'g Selatyn 41 3.8 3.8 7.0 3.8 3.1
3 | Shepit 4.0 2.8 3.5 7.2 2.6 3.5
= | Dolyshnij Shepit 4.2 3.7 3.6 6.6 2.3 2.9
Percalab 4.7 4.4 4.5 6.9 3.2 3.5

Soil fertility is characterized by bioavailable macronutrients’ supply, including mineral
nitrogen (N). The ecological reactions of plant communities to the soil content of nitrogen Xy
vary from 2.3 to 5.6 (m = 3.8, SD(+) = 0.7) in general within the study pastures of Chernivtsi
Region. The minimum, maximum and mean values of X assessed separately within each of the
three physic-geographical zones of the study area are as follows: 2.8 < Xy < 5.6; m = 4.0,
SD(+)=0.8 within the Plain zone; 2.3 < Xy < 5.2; m=3.7, SD(+)=0.7 within the Foothills; and
2.8 < Xy < 4.4; m=3.6, SD(+)=0.5 within the Mountains. This data are consistent with the
studies of soils of Chernivtsi Region that show in general the decrease in soil fertility while
moving in direction from Plain to Mountains physical-geographical zones.

Habitat-climatic conditions of the study 31 pastoral plant communities are expressed
by their reaction on the relative strength of insolation X, thermal regime X+, as well as by
the community resistance Xy to the frequency and length of occurrence of dry periods in
the growing season, as well as to the length of the pre-frost period.

The resistances of the study plant communities to the thermal regime X; vary from
2.1 to 7.2 (m=3.4, SD(+)=0.9) within the study grassland of the study area. In term of
physic-geographical zoning of Chernivtsi Region the analysis of range and variability of
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Xt values in grasslands under study shows the following results for each of physic-
geographical zones: for Plain zone (2.1 < X1 < 7.2; m = 3.7, SD(+)=1.4); for Foothills
(2.1 £ Xy £4.3; m = 3.4, SD(+)=0.6); and for Mountains (2.1 < X; < 3.8; m = 2.9,
SD(+)=0.6). Our data are consistent with the general data related to the climate thermal
regimes of the study physical-geographical zones showing the decrease in mean daily
temperatures while moving in direction from Plain to Mountains.

The communities’ reactions to the relative strength of insolation is expressed by measure
X, which varies betweena low of 3.9 and a high of 7.9 with the mean value
m = 7.0 (SD(+)=0.7). Our phytoindication data show that the Mountain communities
experience lower insolation (3.9 < X, £ 7.2; m = 6.4, SD(+)=0.4) in comparison to the Plain
(6.2 <X, £7.9; m=71, SD(+)=0.3) and Foothills (6.5 < X_ < 7.5; m = 7.2, SD(+)=1.2).
These data are expected due to increase in elevation, which is followed by increase in
transparency of atmosphere. It increases an effective radiation, especially at night. Furthermore,
during the summer seasons, while the solar radiation is highly intensive, the probability of clear
skies in the mountains is at 10-15 % less than in the area between the revers Prut and Dniester.
That highly reduces the direct solar radiation reaching the Earth's surface of the Mountain area.

The measure Xy expresses the community resistance to the frequency and length of
occurrence of dry periods in the growing season, as well as to the length of the pre-frost period.
It changes its values from 2.4 to 4.1 (m = 3.3; SD(+)=0.4) within the study grasslands
throughout the Chernivtsi Region. The grassland communities assessed separately within the
Plain and Foothill areas show the close results in the minimum, maximum, mean values, and
variations of the measure Xy (m = 3.2; SD(+)=0.4)., while the mountain grassland communities
show the comparatively lower range and variability of values: 2.9 < Xx < 3.8; m = 3.3,
SD(+)=0.3. That can be driven by intensification of the extreme external conditions. In general
the study area experiences the Temperate Continental Climate which is highly influenced by the
humid air masses from Atlantic. Complex terrain of Chernivtsi Region causes variety in climate
of different zones: in the east it is more continental, and while moving in direction from foothills
to mountains it becomes more severe due to the cold and short summer.

The deviation “r” of plant communities from the reference value, which is assessed
relative to the physical-geographical zone, varies from 1.9 to 11.4 and shows how far each
one of the study phytocenosis is from its climax state (figure). Average values of the
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Fig. 1. Overall deviation “r” of plant communities (a) of the study pastoral grasslands from
the relative reference values, which are the mean values m; of the study factors f assessed
respectively for each of study physic-geographical zone: Plain (b), Foothills (c), and Mountains (d).
Dashed line indicates the average deviation of plant communities within each of the study zones
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deviations assessed separately for each of physical-geographical zones show the decrease in
deviation of plant communities from the reference value while moving from Plain area
toward the Mountains. It can be explained by the decrease of anthropogenic influence on
the study grasslands in direction from plain to mountains.

CONCLUSIONS

An average realized niche of species along the gradients of the study factors of
habitat-climatic conditions, such as: insolation, thermal regime and the degree of
continentality, as well as the following habitat-edaphic conditions: the soil moisture,
acidity, and nitrogen content shows plant communities to be vigorous indicator of external
ecosystem conditions. The deviation of the pastoral plant communities from their potential
climax states increases while moving in direction from the Carpathian Mountains through
the Foothills to the Plain physical-geographical zone of Chernivtsi Region that can be
driven by anthropogenic influence increase in the direction from mountains to plane area.
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THE TROPHIC LINKS OF APHELINIDS (HYMENOPTERA, APHELINIDAE)
AND PHYTOPHAGES (HOMOPTERA: COCCOIDEA, ALEURODIDEA,
APHIDOIDEA) IN AZERBAIJAN

Abstract. Aphelinids are parasites of many sucking insect pests. They are known as effective
entomophages of many harmful sucking insects — coccidae, aphids, aleurodids, they are successfully
used in biological control.

Use of natural resources of useful entomophages against pests is of great theoretical and
practical importance. However, the entomophagous natural resources, including aphelinids, are still
little used in integrated systems of plant protection against pests. The study of the host and the
parasite relationships allows to evaluate the prospects of their use for pest control.

The aim of the research is to study the aphelinids (Hymenoptera, Aphelinidae) in Azerbaijan, as
a basis for the development of ways of their practical application in the integrated plant protection
against pests.

As a result of long-term research in Azerbaijan it had been registered 61 species of aphelinids
belonging to 4 subfamilies and 15 genera. These parasites were derived from scale insects, soft scales,
aphids, aleurodids, etc. The table of trophic links of aphelinids (Hymenoptera, Aphelinidae,) and their
hosts, as well as a list of genera and species of aphelinids with hosts — phytophages has been
compiled.

Aphelinids are mainly related to Homoptera (Hemiptera). The larvae of aphelinids are internal,
rarely external parasites of coccidia (mainly scale insects), aphids, aleurodids, rarely other insects.
The trophic relations of aphelinids with the hosts are established. From the 61 species identified for
Azerbaijan the aphid parasites (Aphidinea) are 14 species of 2 genera, scale insects parasites
(Diaspididae) are 30 species of 9 genera, soft scales and pulvinary parasites are 11 species of two
genera, parasites of aleurodids (Aleyrodinea) are 5 species of 2 genera, 1 genus 1 species is associated
with mealybugs. 1 species is a parasite of Orthoptera.

Entomophages of the genera Aphytis Howard, Coccobius Ratseburg, Ablerus Howard,
Pterotrix Westwood, Archenomus Howard, Hispaniella Mercet., Aspidiotiphagus Howard,
Diaspiniphagus Silvestri, Encarsia Foerster are the parasites of scale insects. The parasites of the
genera Coccophagus Westwood, Marietta Motschylsky Coccidae are associated with soft scales, the
parasites of the genera Aphelinus Dalman, Protaphelinus Mackauer are associated with aphids.
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Marietta picta (Andre) except soft scales is also a parasite of Plancoccus citri Risso (mealybugs).
Aphelinid Centrodora amoena Foerster of the Centrodora genus is associated with Orthoptera.

By the type of trophic links the aphelinids in Azerbaijan are divided into the following groups:

1. Monophags - infecting one, rarely two, three closely related species of the hosts. These
include: Eretmocerus haldemani Howard , Aphelinus fulvus (Yasnoch), Aphelinus mali (Haliday),
Aphytis chilensis Howard, Aphytis maculicornis Masi, Aphytis chrysomphalu Merc., Coccobius
granati Yasnoch and Mustafayeva sp.n., Coccobius pistasicolus (Yasnoch), Coccophagus insidiator
Dalman, Coccophagus proximus Yasnoch, Coccophagus paleolecanii Yasnoch, Pteroptrix
macropedicellata (Malac), Encarsia leucaspidis Merc., Centrodora amoena Foerster.

2. Oligophages infecting hosts are related to various genera and a subfamilies. These include
44 species.

3. Polyphages that infect hosts from different families are related to only a few types:
Coccophagus lycimnia (Walker), Aphelinus chaonia Walker., Aspidiotiphagus citrinus Graw.

In the fauna of Azerbaijan aphelinids the monophages (14 species) and the polyphages (3) are
characterized by only a few species, the majority of the species (44 species) are oligophages.

Key words: Aphelinids, trophic links, monophags, oligophages, polyphages.
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TPO®IYHI 3B’A3KN ADPENIHIL (HYMENOPTERA, APHELINIDAE)
3 ®ITOPATAMU (HOMOPTERA: COCCOIDEA, ALEURODIDEA, APHIDOIDEA)
B ASEPBAVIKAHI

AHoTauis. HaeegieHo iHthopmauito npo adeniHig (Hymenoptera, Aphelinidae) Asep6aiigxany,
AKi BUSIBNEHI ana dayHu uiel pecnybniku. B pesynbTaTi 6araTopiuHMX CNOCTepeXeHb BCTaHOB/IEHO
61 BuA adeniHig, BUBEAEHMX 3 WMTIBOK, NCEBAOLMTIBOK, NONENNLb, aneipogis i T.4. MNpeacTaBneHi
pesynbTaTu [OCMIMKEHHA TpodiuHMx 3B'A3kiB adeniHig (Hymenoptera, Aphelinidae) T1a ix
rocrnojapis, a TakKoX CKNafeHo CUCOK POAIB i BUAIB ageniHig 3 rocnofapsamum-iTogaramu.

Kntouosi cnosa: adeniHign, TpodiyHi 38°a3k1, MoHoaru, onirodarw, nonigaru.
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TPOPUNYECKUE CBA3N APENNHNA (HYMENOPTERA, APHELINIDAE)
C PUTOPATAMM (HOMOPTERA: COCCOIDEA, ALEURODIDEA, APHIDOIDEA)
B ASEPBANOXAHE

AHHoTaums. TpusegeHa wHpopmauns 06 adenvHugax (Hymenoptera, Aphelinidae)
AsepbaiifkaHa, KOTOpble BbISIBNEHbl 15 (hayHbl 37O pecnybavku. B pesynbTaTe MHOFONETHUX
HabNIAeHNA yCTaHOBMEH 61 BUA adenvHug, BbIBEAEHHLIX W3 LUMTOBOK, SIOXHOLMTOBOK, TNEl,
anepogng n T1.4. lNpeacTaBneHbl pe3ynbTaTbl WCCMELOBaHWS TPOPUUECKUX CBA3EA adennHmng
(Hymenoptera, Aphelinidae) n nx xo3seB, a TakXe COCTaBfIeH CMWUCOK POAOB W BUAOB adenvHng ¢
X03s1eBamu-uToharamu.

KntoueBble cfioBa: adenvHuibl, TPoduUeckue cBssu, MoHodaru, onuroaru, noamgaru.

BBEOEHWE

Mcnonb3oBaHve NprMpoLHbIX PECYPCOB NOMEe3HbIX 3HTOMOGAros B 60pb0e ¢ BpeauTensmm
UMeeT 60/IbLLIOe TEOPETUYECKOE U NPaKTUYECKOe 3HayYeHue. AGeNMHUObI LLIMPOKO W3BECTHBI
KaK 3(pheKTVBHbIE 3HTOMOGArM MHOTUX BPEAHbIX COCYLUMX HACEKOMbIX — KOKUWA, Tnei,
anenpogwm, 6narogaps YeMy MX yCrelHo NPUMEHSIIOT B 61MONOrMYeckoii 6opboe.
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OfHaKo, NpMPOAHbIe Pecypcbl 3HTOMOMAroB, B TOM YMC/e age/IMHNAbI, BCE eLle Maso
UCMONb3YIOTCA B WMHTErPUPOBaHHbIX CUCTEMAaX 3alMTbl PacTeHUA OT BpefuTeneid.
AdemHngbl ABNAKTCA NapasuTaMmy MHOTUX BPEAHbIX HACEKOMbIX, MO3TOMY M3yyeHue 1x
X035MHa B NapasuTHLIX CBA3AX MO3BO/AET OLEHWUTL MEPCMNEKTUBbLI UX UCMOSb30BaHWA AN
60pbbbl ¢ BpeguTensmu. B nepsom coobuieHWn o ayHe adenuHug AsepbaiigxaHa
npusogutes 29 Buaos (Rzaeva and Yasnosh, 1979). Mo Hawym AaHHbIM, 415 (ayHbl
BocTtouHoro AsepbaiigkaHa BbisineHo 46 Bugos adennHug (Mustafaeva, 1990).

Llenbto uccnefoBaHnin siBunocb mdydeHue adenuHug (Hymenoptera, Aphelinidae)
AsepbaiipkaHa Kak OCHOBa 15 pa3paboTku nyTeld WX MPaKTUYECKOro MPUMEHEHUS B
WHTErpypOBaHHON 3aLyTe pacTeHWiA OT BpeanTeNeil.

MATEPWA N METOAbI UICCNEAOBAHUIN

MartepuanoMm [/ HacTOsLLEl CTaTbl NOCAYXMAN cbopbl, NpoBoAMBLUMECS B 1990-
2013 rr. B paiioHax AsepbaiigpkaHa ¢ paHHeli BECHbl A0 NO3AHel oceHn. CH0pbI NPOBEAEHDI
Kak BO BpPEMS KOMMJ/IEKCHbIX (hayHUCTUYECKMX aKcneauumid WHCTWTyTa 300n0rum
HAH AsepbaiijxaHa, Tak U MyTeM MHOTOYMCAEHHbIX WHAWBUAYaNbHbIX 3KCNeANLIA.
AdenHngpl cobmpanncb B CTECTBEHHBIX M KY/bTYPHbIX CTaUUAX MYTEM BbIBEAEHUS W3
X0351€B 1 C MOMOLLbLIO 3HTOMOMornyeckoro cadka (Borkhsenius, 1968; Tryapitsyn et al.,
1982). [na onpegeneHns MenKnx BUAOB M3roTOBUIN MUKPOCKOMMYECKME npenapaTtbl. s
onpegeneHns aennH1G MCNob3oBa/IMCh OMpPefeNuTe/bHble TabiuLpbl, COCTaB/IEHHbIE
Hukonbcekoit n AcHow (Nicholas and Yasnosh, 1966), AcHow (Yasnosh, 1995).

PE3YJIbTATbI N X OBCYXXOEHWE.

B pesynbTate MHOFONETHWMX WUCCNeAoBaHMA B A3sepbailgpkaHe 3aperMcTprpoBaHo
61 BWOOB atennHMA, OTHOCALWMXCS K 4 nofcemeiictBam M 15 pogam. AdenuHuabl, B
OCHOBHOM, CBfizaHbl ¢ Homoptera. JIMUMHKM adenvHUg BHYTPEHHME, PeXe HapyXHble
napasvTbl KOKUMA (FMaBHbIM 00pa3oM LUMTOBOK), TNeW, aneiipogua, pexe apyrux
HaceKOMbIX. YCTaHOB/EHbl TPOGMYECKMe CBS3W adenmHug c XosseBaMu-guTodaramu.
Hwxe B Tabnumue 1 NpMBOAATCA 3T AaHHbIE.

Tabnuua 1

Tpodmyeckue csAsu adenHng (Hymenoptera, Aphelinidae) Asep6aiigpkaHa
C UX X03sieBaMU-thutoharamm

Cemeiictea Aphelinidae.
Pofbl 1 BUAbI adennHug

duTodaru-xossesa aeMHUL.
Buabl x035e8

1

2

Pop Aphelinus Dalman

1. Aphelinis asychis Walker.

Hyalopterus pruni Geoffr.

2. Aphelinus chaonia Walker.

Aphis gossypii Glov. ?
Dysaphis devecta Walk. 2
Chaitophorus niger Mordv. 2
Brachycaudis helichrysi Kalt.?
Aphis umbrella C.B.?

Aphis farinosa Gmell. 2
Aphis fabae Sc.?

Aphis genistae Scop.

Aphis craccivora Koch, 2
Hyalopterus pruni Geoffr. 2

3.Aphelinus daucicola Kurdjumov

Brachycaudis cardui L. 2
Siphocorine eylosyei Schre.

4.Aphelinus flavipes (=A.kurdjumovi) Mercet.

Diaspis devecta WIk. 2
Brachycaudis helichrysi Kalt.?
Aphis craccivora Koch. 2
Aphis rufula Walk. ?
Shisaphis graminium Rond. 2
Rhopalosiphum maidis Fitch. ?
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MpopomKeHne Tabn. 1

1

2

5. Aphelinus fulvus (YYasnoch)

Chaetophorus capreae Koch.?

6. Aphelinus fusciscapus Foerster.

X035IMH He N3BEeCTEH.?

7. Aphelinus brunneus Yasnosh

Aphis fabae Scop.?

8. Aphelinus mali (Haliday)

Friosoma lanigerum Hausm.”

9. Aphelinus (Mesidiopsis) subflavescens
(Westwood).

Tuberculatus querceus Kalt.”

10.Aphelinus varipes Foerster.

Aphis gossypii Glow.’

11.Aphelinus toxopteraphidis Kurd.

Sphizaphis graminum Rond.?

12.Aphelinus bicolor Yasnosh

Aphis fabae Scop.”

13.Aphelinus transversus Thoms.

X035MH He N3BECTEH. 2

Pog Protaphelinus Mackauer

14. Protaphelinus nikolskajae (Yasnoch) (=
Aphelinus nikolskaya Yasnoch)

Pemphigus bursarius L.2
Pemphigus lichtensteini Tullg. 2

Pog Marietta Motschylsky

15. Marietta picta (Andre).

Parthenolecanium persicae F.*
Plancoccus citri Risso.

16. Marietta zebra (Kurd).

Sphaerolecanium prunastri Fonsc.®
Pulvinaria betulae L.

Pulvinaria floccifera (Westw.) !
Pulvinaria sp. !

Popg Eretmocerus Haldemani

17. Eretmocerus haldemani Howard

Trialeurodes vaporariorum Westw®
Aleurodes proletella L.2

Poa Aphytis Howard.

18. Aphytis aonidea Mercet.

Lepidosaphes granati Kor.

Carulaspis minima Targ.

Epidiaspis leperii Signorett Diaspidiotus pyri
(Lichtenstein).

Diaspidiotus prunorum Laing.

19. Aphytis chilensis Howard

Aspidiotus nerii Bche.

20. Aphytis maculicornis Masi

Parlatoria oleae Golvee.

21. Aphytis mytilaspidis Le Baron

Diaspidiotus caucasicus Borchs
Aulacaspis rosae Bche.
Salicicola kermanensis Lndgr.
Diaspidiotus ostreaformis Curt.
Nuculaspis abietis Schr.
Tecaspis prunorum Borchsenius.
Tecaspis asiatica Balachowsky.
Lepidosaphes granati Kor.
Lepidosaphes ulmi L.
Lepidosaphes ficus Sign.

22. Aphytis proclia Walker

Pseudaulacaspis pentagona Targioni —
Tozzetti.

Diaspidiotus perniciosus Comst.
Diaspidiotus pyri Licht.

23. Aphytis testaceus Tschum

Carulaspis minima Targ.
Lepidosaphes granati Kor.
Epidiaspis leperii Signorett.
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MpogomKeHue Tabn. 1

1

2

24. Aphytis hispanicus Merc.

Parlatoria oleae Golvee.
Carulaspis visci Schr

Aspidiotus nerii Bche.
Chrysomphalus dictyospermi Morg.

25.Aphytis chrysomphalu Merc.

Chrysomphalus dictyospermi Morg.

26. Aphytis moldavicus Yasnoch

Diaspidiotus pyri Licht.
Lepidosaphes ulmi L.
Epidiaspis leperii Signorett.

Pop Coccobius Ratseburg.

27. Coccobius granati Yasnoch and Mustafayeva

sp.n.

Lepidosaphes granati Kor.

28.Coccobius pistasicolus (Yasnoch)

Lepidosaphes pistaciae Arch.

29.Coccobius mesasiaticus (Yasnoch et
Myartseva)

Diaspidiotus caucasicus Borch.

30. Coccobius testaceus (Masi)

Lepidosaphes conchiformis Gmel.
Lepidosaphes ficus Sign.
Lepidosaphes ulmi L.
Lepidosaphes granati Kor.
Diaspidiotus ostreaformis Gurt.

Pop Coccophagus Westwood,1833

31. Coccophagus differens Yasnoch.

Sphaerolecanium prunastri Fonsc. *

32. Coccophagus lycimnia (Walker)

Coccus hesperidum L.*

Coccus pseudomagnoliarum Kum. !
Parthenolecanium corni Bche. !
Sphaerolecanium prunastri Fonsc.
Parthenolecanium persicae F.!
Eulecanium bituberculatum Targ. !
Eulecanium rugulosum (Arc.)*
Rhodococcus turanicum Arch.*
Pulvinaria floccifera (Westw.)*

33.Coccophagus maculipennis Yasnoch.

Pulvinaria aurantii CKII.*
Pulvinaria sp.!

34.Coccophagus insidiator Dalman

Physokermes piceae Sch.

35.Coccophagus proximus Yasnoch

Spharolecanium prunastri Fonsc.

36. Coccophagus piceae Erd.

Pulvinaria sp.t
Pulvinaria betulae L.

37. Coccophagus semicircularis Forst
(= C.scutellarus Dalman).

Parthenolecanium persicae F.’
Coccus hesperidum L.

38.Coccophagus paleolecanii Yasnoch

Paleolecanium bituberculatum Targ.!

39. Coccophagus signatus Yasnoch

Pulvinaria floccifera (Westw.)
Pulvinaria sp.*

Pop Ablerus Howard.

40. Ablerus atomon (Walker)

Aulacaspis rosae Bche.
Diaspidiotus ostreaformis Curt.
Diaspidiotus caucasicus Borchs
Diaspidiotus perniciosus Comst.

41. Ablerus celsus Walker.

Lepidosaphes ulmi L.
Lepidosaphes granati Kor.

42. Ablerus chrysomphali Ghesguire.

Diaspidiotus caucasicus Borchs.
Chrysomphalus dictuospermi Morg.,
Parlatoria oleae Colvee

ISSN 1726-1112. Ecology and noospherology. 2015. Vol.

26, no. 1-2



MpopomkeHue Tabn. 1

1

2

Pon Pteroptrix Westwood.

43. Pteroptrix macropedicellata (Malac).

Aulacaspis rosae Bche.

Pog Archenomus Howard

44, Archenomus bicolor Howard.

Aspidiotus nerii Bche.
Tecaspis asiatica Arch.
Diaspidiotus pyri Lichtenstein

45. Archenomus caucasicus Yasnoch.

Diaspidiotus caucasicus Borchs
Diaspidiotus perniciosus Comst.
Diaspidiotus prunorum Laig.

46. Archenomus longiclavae Giralt.

Diaspidiotus ostreaformis Curt.
Lepidosaphes granati Kor.
Lepidosaphes ulmi L.

47. Archenomus maritimus (Nikolska-yae)

Lepidosaphes granati Kor.
Diaspidiotus perniciosus Comst.
Diaspidiotus pyri (Lichtenstein).

Pon Hispaniella Mercet.

48. Hispaniella lauri Mercet.

Salicicola kermanensis Lndgr.
Lepidosaphes ulmi L.
Diaspidiotus caucasicus Borchs
Diaspidiotus perniciosus (Comst)
Diaspidiotus ostreaformis Curt

Pog Aspidiotiphagus Howard.

49. Aspidiotiphagus citrinus Graw.

Parlatoria oleae Colve.

Aspidiotus nerii Bche
Pseudaulacaspis pentagona Targioni —
Tozzetti.

Diaspidiotus perniciosus Comst.
Diaspidiotus prunorum Laing.
Chrysomphalus dictyospermi Morg.
Diaspis echinocacti Bche.
Lepidosaphes ulmi L.

Lepidosaphes glov erii Pack.
Carulaspis minima Targ.
Aulacaspis rosae Bche.

Tecaspis prunorum Borchsenius.
Tecaspis asiatica Balachowsky

Pon Diaspiniphagus Silvestri

50. Diaspiniphagus similis (Masi)

Diaspidiotus ostreaformis Curt.

Pon Encarsia(=Prospaltella) Foerster

51. Encarsia aurantii (Howard)

Lepidosaphes ulmi L.

Lepidosaphes glov erii Pack.
Pseudaulacaspis pentagona Targioni —
Tozzetti.

52. Encarsia gigas Tshum

Diaspidiotus ostreaformis Curt.

53.Encarsia fasciata (Malenetti)

Lecaspis pusilla Loew.

Unaspis evonymi Comst.
Adiscodiaspis tamaricicola Mal.
Aulacaspis rosae Bche
Lepidosaphes ulmi L.

Aonidea lauri Boche.

54. Encarsia intermedia Ferr.

Nuculaspis abietis Schr., Lopholeucaspis
yaponica CKIl.

55. Encarsia perniciosi Tow.

Diaspidiotus perniciosus Comst.

56. Encarsia formosa Gahan.,

Trialeurodes vaporariorum (Westw) >

57. Encarsia partenopea (Masi)

Aleurodes proletella L.*
Triauleurodes vaporariorum West ®
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OKOHuaHue Tabn. 1

1 2
58. Encarsia tricolor Foerster Aleurodes proletella L.
Siphoninus phyllyreae Hal. 3
59. Encarsia gautieri (Mercet) Siphoninus phyllyreae Hal.
60. Encarsia leucaspidis Merc. Leucaspis pusilla Loew.
Pop Centrodora Foerster
61. Centrodora amoena Foerster | Xiphidium dorseatum Latz.

MprmeyaHmsi. CuCTeMaTWYecKasi MPUHAANEXHOCTb XO37eB UMEET CnefytoLine 0603HaYeHNs!:
LUMTOBKM — 63 OTMETKW, TOXHOLLMTOBKM — 1, Tn — 2, aneiipoauapl — 3.

B Tabnmue 2 NpuBOAATCA CBA3M POAOB agheNIHMA C X035EBaMM.

Tabnuua 2
CBA3uM pofoB atennHns ¢ xo3sieBaMu-puToaramm
Xo3sieBa ahenmHng,
LLinTOBKM JNoxHo- benokpbinkn | Tam MyuHucTble MapasnTbl
LLMTOBKM nnm yepseLbl Orthoptera
anelipoanapl
Aphytis Coccophagus Eretmocerus | Aphelinus Marietta Centrodora
Howard Westwood Haldeman Dalman Motschylsky | Foerster
Coccobius Marietta Encarsia Protap-
Ratseburg. Motschylsky Foerster helinus
Mackauer
Ablerus
Howard
Pterotrix
Westwood,
Archenomus
Howard
Hispaniella
Mercet.
Aspidiotip-

hagus Howard.
Diaspiniphagus
Silvestri
Encarsia
Foerster

PesynbTaTbl HALWIMX WUCCMEeA0BaHWIA NO3BONSAET pasfenvTb adennHug AsepbaiigkaHa
Mo TWMY TPOPUUECKUX CBA3EN Ha CedytoLLme rpynmbi:

1. MoHodarn — 3apaxatoLye 04vH, pexke Aga Unv Tpu 6M3KMX Bruaa xo3seB. K Hum
oTHocATcs: Eretmocerus haldemani Howard , Aphelinus fulvus (Yasnoch), Aphelinus mali
(Haliday), Aphytis chilensis Howard, Aphytis maculicornis Masi, Aphytis chrysomphalu
Merc., Coccobius granati Yasnoch and Mustafayeva sp.n., Coccobius pistasicolus
(Yasnoch), Coccophagus insidiator Dalman, Coccophagus  proximus Yasnoch,
Coccophagus paleolecanii Yasnoch, Pteroptrix macropedicellata (Malac), Encarsia
leucaspidis Merc., Centrodora amoena Foerster.

2. Onurodarn — 3apaxaroLye X03seB, OTHOCALUMXCA K Pas3/IMyHbIM pofaM OfHOW
TpWbbl 1 NofcemelicTBa. K HUM oTHOCATCS 44 BMaa.

3. Monudary — 3apaxaroLme Xo3geB M3 pasnnyHbIX cemelictBa. K HUM oTHOCATCS
nvwb HemHoruve Bugbl: Coccophagus lycimnia (Walker), Aphelinus chaonia Walker.,
Aspidiotiphagus citrinus Graw.
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BbIBOAbI

1. Pe3ynbTaTbl HalMX WCCNeAOBaHHbIA NOKasanu, 4Tto M3 61 BUAOB atennHWg,
BbISB/IEHHbIX A1 AsepbaiigpkaHa, napasutamu Tneii (Aphidinea) senawTcs 14 Bugos
2 popgos, napasutamu wwuToBoK (Diaspididae) — 30 BugoB 9 popgos, napasuTamu
NOXHOLLMTOBOK ¥ MynBuHapuii — 11 BMA0B ABYX POAOB (C MyUYHUCTbIMU YepBeLiamm cBa3aH
1 Bug 1 poga), napasutamu anelipoguns (Aleyrodinea) — 5 BuoB 2 pofos v 1 Buj ABnseTcs
napasutom Orthoptera.

2. B thayHe aenmHmp AsepbaiifjpkaHa MOHOGarns W nonvgarns CBOMCTBEHHA
NNWb HeMHOrMm Buaam (14 n 3 cOOTBETCTBEHHO), OONbLUMHCTBO BMAOB (44) sBAAKOTCA
onvdaramu.
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EVOLUTIONARY PROGRESS IN THE FUNCTIONS
OF METALLOTHIONEINS IN THE EVER CHANGING ECOSYSTEMS

Abstract. Metallothioneins (MTS) exist in various organisms ranging from some prokaryotes to
eukaryotes and mammals. MTs are low molecular weight proteins (MW ranging from 500 to
14000 Da), highly rich in cysteine residues and effectively bind with metals. MTs have the capacity to bind
both physiological (such as zinc, copper, selenium) and xenobiotic (such as cadmium, mercury, silver,
arsenic) heavy metals through the thiol group of its cysteine residues, which represent nearly 30 % of its
constituent amino acid residues. Their combination with heavy metals gives rise to metal-thiolate clusters. It
has been suspected that the presence of cysteine in MT is necessary for its functioning and that MT itself is
essential for life, modulating complex diseases and the immune system. All different types of MTs are
classified with respect to so many factors mainly in groups I and II. There are four main distinguished sub
families of the mammalian MT gene families; MT-1 (subtypes A, B, E, F, G, H, L, M, X), MT-2, MT-3,
MT-4. They are synthesised primarily in the liver and kidneys. Their production is dependent on availability
of the dietary minerals, as zinc, copper and selenium, and the amino acids histidine and cysteine. The rise of
these sub families can be attributed to the different functions fulfilled by them. The absence of one defined
primary common function could certainly be the reason for serial duplications that gave rise to the
respective isoforms. The evolution of MT has been so important to science that they have been considered
valid biomarkers in medicine and environmental studies. MT is not limited to the human system, it has
also been found in other mammals of the animal kingdom vertebrates (such as the chicken,
Gallus gallus, or the mammalian Mus musculus), in higher plants (such as Pisum sativum,
Triticum durum, Zea mays, Quercus suber), in protozoa (ex. the ciliate Tetrahymena genera), in
yeast (such as Saccharomyces cerevisiae, Candida albicans), in invertebrates (such as the
nematode Caenorhabditis elegans, the insect Drosophila melanogaster, the mollusc Mytilus
edulis, or the echinoderm Strongylocentrotus purpuratus and in many prokaryotes (such as the
cyanobacteria Syneccococus spp). The MTs from this diverse taxonomic range represent a high-
heterogeneity sequence (regarding molecular weight and number and distribution of
Cys residues) and do not show general homology; in spite of this, homology is found inside
some taxonomic groups (such as vertebrate MTSs).

In this review, we will be looking at the evolution of MTs in respective organisms and the
different roles they perform in each of their respective locations in these organisms. We will
specifically look at the following factors; evolution of the genetic constitution of MTs and their
structural composition and functions.

Keywords: Metallothioneins (MTs), structure, classification, evolution, genes, function.
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EBOMOLIAHNIM NMPOIrPEC ¥ PYHKLIAX METAJIOTIOHEIHIB
Y EKOCUCTEMAX, WO NOCTIMHO 3MIHIOKOTbCA

AHoTauisi. MeTanoTioHeinn (MT) € B Ppi3HMX OpraHiamMax, MoYMHaKuM Bif [AesKuX
NpoKapioTiB, A0 eykapioTiB i ccasuiB. MT € npoTeiHamy 3 HWU3bKOK MOMEKYNAPHOO Macok (B
iHTepBani Big 500 fo 14000 [a), 36arayeHi Ha 3anWLLOK LWCTEIHY i e(heKTUBHO 3B'A3YHOTLCA 3
MmeTanamu. MT 34aTHi 3B'A3yBaTty AK (i3ionorivHi ioHn (Hanpuknag, UMHKY, Mifi, ceneny), Tak i ioHu
BaXXKMX METaNiB-KCEHOBIOTWKIB (Takux fK KagMmiil, pTyTb, CpPi6no, MMLI'AK) 3a paxyHOK TiofoBOi
rpynu CBOIX 3a/IULLKIB UMCTETHY, AKi npefcTaBnstoTb 6nm3bko 30 % cknafly amiHOKUCNOTHMX
3aNNWKIB. TX 3B'A3yBaHHA 3 BAXKUMU MeTanami MpU3BOAUTL fI0 YTBOPEHHS METaTioNoBUX
KnacTepiB. BBaaeTbcs, WO NPUCYTHICTb UucTeiHy B MT Heo6XigHO Ans oro yHKLioHyBaHHS, a
TaKOX Ma€ BaX/MBE 3HAYEHHS A/151 BUXKMBAHHS OpraHi3miB, Tak Ik MOXe 3MiHKOBATU iIMyHHMIA cTaTyC.
PisHi Tunn MT knacudikoBaHi, ronoBHUM YuHOM, y rpynax | i Il. BuginsioTb 4OTMPU OCHOBHI
nigrpynn ciMmeiicTBa MeTa/10TIOHEIHIB, AKi MOAINATL 3a/eXHO Bif ciMelicTB reHiB MT ccasuis;
MT-1 (nigtunn A, B, E, F, G, H, L, M, X), MT-2, MT-3, MT-4. BOHN CUHTE3yOTbCA MO/I0BHUM
UMHOM B MeYiHLi Ta HUPKax. IXHs NPOAYKLis 3a71eXXMTb Bif HAABHOCTI XapUOBUX MiHepanis, TaKuX sK
UMHK, Mifb i ceneH, i FicTUAMHY aMmiHOKMCNOT i umcTteiHy. Migpo3gin Ha 6arato nigrpyn MT
MOB'A3aHO 3 PIHUMMK (YHKLiAMU AaHuX BiNKiB. BifCyTHICTb OAHIET 3 NEBHOI NEPBUHHOI 3aranbHOT
(hyHKLiT, 6e3yMOBHO, MOXE BYyTW NPUYMHOK A5 BUAINEHHS BigNoBigHMX i3oopm MT B okpemuii
nigTvn. EBontouis MT gye BaXIMBa Ans Hayku, Tak K BifA3epKaitoe 3MiHY CMEKTPY BaXK/IMBUX
6iomapkepiB B MeAMUMHI Ta eKOMOTiYHMX AOCHipKeHHSX. MT He 06MeXylTbCsi OpraHiaMom
NOAVHKW, BOHU TakKOX 3HalifieHi B iHWMX ccaBUiB cepef XpebeTHux (Hanpuknag, Kypku, Gallus
Gallus, abo ccasuiB Mus Musculus), y BALWMX pocnnH (Hanpuknag, Pisum sativum, Triticum durum,
Zea mays, Quercus suber), B Ha/inpocTiwmx (Hanp. iHdy3opis Tetrahymena genera), B Apixaxkax
(Hanpuknag, Saccharomyces cerevisiae, Candida albicans), y 6e3xpe6eTHuX (Hanpuknag, HemaToam
Caenorhabditis elegans, komax Drosophila melanogaster, montockax Mytilus edulis, a6o
ronkoLwkipmx Strongylocentrotus purpuratus i B 6araTboX NpoKapioTiB (Hanpukniag, LiaHo6akTepil
Syneccococus spp). MT Big Takoro pi3HoMaHiTHOro TaKCOHOMIYHOO Aiana3oHy € Ay)e HeoaHOopIAHI
(3a MONeKyNAPHOK Macu Ta KifbKOCTi M po3nmoginy 3a/MWKIB LMCTEIHY), YacTille BCbOr0 MarTb
HU3bKY CTYMNiHb TOMOJMIOFiT; HEe3BaXaluyM Ha Le, TFOMONMOTiA 3HaXOAUTbCA BCEPEAUHI  AesKUX
TaKCOHOMIYHMX rpyn (Hanpuknag, xpebeTHux MT).

Y paHomy ornsfi po3rnsHyTo eBontouUito MT B pi3HMX opraHi3mMax 3aeXHo Bif, MiHAMBOCTI
BUKOHYBaHOI (DYHKLiT faHMX GiNKiB 3a NPUCTOCYBaHHSA 40 KOHKPETHUX YMOB MPOXMBaHHSA. B ornagi
aKLEHTOBAaHO yBary Ha HacTymHi (hakTopu: eBoftouis reHis MT, CTpyKTypHa opraHisauis gaHux
MOnNeKyn, TX (hyHKU,T.

Kntoyosi cnosa: meTanoTioHeiHn (MT), CTPYKTYpa, Knacudikallis, eBoatoLis, reHn, yHKLis.
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9BOJIFOLUMOHHbIV MPOMPECC B ®YHKLUMAX METAINTOTUOHEMHOB
B MOCTOAHHO MEHAKWUWXCA SKOCUCTEMAX

AHHoTauusa. MeTtannotmoHenHsl (MT) vMeOTCA B PasnMYHbIX OpPraHusMax, HadvHas oT
HEKOTOPbIX MNPOKapuoT, [0 3yKapuoT 1 mekonuTawwmx. MT sBnaioTca 6enkamy € HWU3KOWA
MOJEKYNApHOA maccoin (B uHTepBane oT 500 go 14000 [a), oboraileHbl OCTaTKamy LMCTEMHA U
3(heKTUBHO CBA3LIBAIOTCA C MeTasnamu. MT CrnocoBHbI CBA3bIBATL KakK (DU3MOMOrMYECKME WMOHBI
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(HanpuMep, UMHKa, Meau, CeneHa), TakK U MOHbI TSXKEe/bIX METanoB — KCEHOOMOTUKOB (TaKMX Kak
KagMui, pTyTb, CEPEOPO, MbILLBSK) 3a CUET TUOMOBOI FPYNMbl CBOMX OCTATKOB LMCTEMHA, KOTOPbIE
npeacTasnaoT okono 30 % cocTaBa aMMHOKWCIOTHbIX OCTAaTKOB. WX CBfi3blBaHWE C TsKENbIMU
MeTaI1laMm NPUBOAWT K 06pa3oBaHmio MeTaNTUONMOBLIX KnacTepos. MpeanonaratoT, YTO NpUCyTCTBre
umctemHa B MT Heo6XxoguMOo 415 ero (hyHKLMOHMPOBaHMA, a Takoke UMEET BaXKHOE 3HAYeHue A/s
BbDKVBAEMOCTW OPraHM3MOB, TakK KakK MOFYT M3MEHSTb MMMYHHbIA cTaTyc. PasimuHble Tunsl MT
KaccuhrLMpOoBaHbl, FMaBHbIM 06pa3om, B rpynnax | v |1, BbigenstoT YeTbipe OCHOBHbLIX MOArPYNMbI
CemelicTBa MeTaNN0TUOHEMHOB, KOTOpble MOAPa3AensloT B 3aBUCUMOCTM OT ceMeiicTB reHoB MT
mnekonuTarowmx; MT-1 (nogtunel A, B, E, F, G, H, L, M, X), MT-2, MT-3, MT-4. OHu
CVUHTE3NPYIOTCA B OCHOBHOM B MEYeHW W Moykax. VX nNpoayKuus 3aBUCWUT OT HaMuus MULLEBbIX
MWHEPAN0B, TakMX KaK LWHK, Mefb U CeNeH, U TMCTUANHA aMUHOKMCNOT U LmcTenHa. MNogpasaeneHuve
Ha MHOXeCTBO nogrpynn MT cBSi3aHO C pasnnyHbIMU (DYHKUMAMK AaHHbIX 6enkoB. OTCyTCTBUe
OAHOW M3 OMpefeneHHON NepBUYHOl 00LWel (PyHKUMK, 6e3yCNnOBHO, MOXET ObITb NPUYMHON [N
BbIJ)e/IEHNS COOTBETCTBYHOLMX 130hopM MT B 0TAeNbHbIA nogTvn. IBooums MT oueHb BaXHa /1S
HayKW, TaK KaK OTpaXKaeT M3MEHEHMWE CMeKTpa BaXKHbIX GMIOMapKepoB B MEAMLIMHE U 3KOMOTNYECKUX
nccnesoBaHusIX.

B paHHOM 0630pe paccMoTpeHa 3Bo/ouua MT B pas/MUHbIX OpraHM3Max B 3aBUCMMOCTU OT
M3MEHUYMBOCTU  BbINOMHAEMON (DYHKUMW [aHHbIX GENKOB B YC/OBMAX MPUCMOCOGNAEHUS K
KOHKPETHbIM YCNoBMAM 06uTaHus. B 0630pe akLEHTUPOBaHO BHVMMaHWe Ha cneaytolime (hakTopbi:
3Bo/OLMA reHoB MT, CTPYKTYpHas opraHv3auus JaHHbIX MONEKY, X QPYHKUMN.

Kntouesble cnoBa: MeTainoTuoHenHsl (MT), CTPYKTYpa, Knaccuukauus, 3BoMOLMs, TeHbl,

(PyHKLMA.

INTRODUCTION

Evolution is change in heritable traits of biological populations over successive
generations in the ecosystem. Evolutionary processes give rise to diversity at every level of
biological organisation, including the level of species, individual organisms, and at the
level of molecular evolution (Brian, 2011). The use of the name metallothionein was first
mentioned in 1957 to describe a protein isolated from equine renal cortex containing large
amounts of sulphur and cadmium (Margoshes & Vallee, 1957; Kagi & Vallee, 1960) and to
date, there has been unraveling of more structures and functions implying that MTs
evolution is equally a fast growing process. Metallothioneins are rich cysteine low
molecular weight proteins that are said to be essential in the detoxification of the
mammalian system. They are also said to be heat stable and metal binding (Margoshes &
Vallee, 1957).

The human body expresses at least ten known very closely related MT proteins. The
production of MT is zinc and selenium dependent from dietary minerals as well as histidine
and systeine present in the body. They are largely synthesized in the liver and the kidney in
humans but are found at a number of other sites.

Its main functions are said to be the detoxification of metals (heavy metals in
particular) like mercury and cadmium, the homeostasis of essential metals including
Cupper and Zinc, anti-oxidation against reactive oxygen species, protection against DNA
damage, oxidative stress, cell survival, angiogenesis, apoptosis, as well as increase
proliferation, in the body (Higashimoto et al., 2009).

Since the discovery of MTs in 1957, many experiments have been carried out to date
with different organisms. It has been found in many of these organisms that MTs exist in
different locations and are very vital for the existence of these organisms. Most of these
organisms embody many isoforms of these MTs and each has a function all though some of
their roles have yet to be highlighted as are their mechanisms as well. Mammals, including
humans, have four isoforms but the first two (MT-1/ MT-2) had been known to be the major
isoforms expressed ubiquitously by most mammalian organs including the brain (Cherian et
al., 2003) but recent studies have identified MT-3 as the major metalloprotein in the brain
and CNS (Egli et al., 2006). MT-4, although found in the squamous epithelial and also
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known to have life saving functions, is still to be studied on a large scale as have been the
previous three.

In other organisms like insects, each of the studied type has its own distinguished MT
features and functions. Some of the functions have been confirmed to be common in certain
insects, like the predominance of MTs in the brain in the case of Drosophila melanogaster
(four MTs), Orchesella cincta (one MT), and Oxya chinensis (two MTSs) characteristically
for protection against toxicity from heavy metals (Liu et al., 2014) but strangely, Oxya
chinensis has also been found to contain a significant amount of MTs in the gut (Klaassen
et al., 2009). As far as D. melanogaster is concerned, MT-C and MT-D have not yet been
found to possess strong roles due to their inability to bind strongly with heavy metals.

Metallothionein structure and classification

MT is not limited to the human system, it has also been found in other mammals of
the animal kingdom vertebrates (such as the chicken, Gallus gallus, or the mammalian Mus
musculus), in higher plants (such as Pisum sativum, Triticum durum, Zea mays, Quercus
suber), in protozoa (ex. the ciliate Tetrahymena genera), in yeast (such as Saccharomyces
cerevisiae, Candida albicans), in invertebrates (such as the nematode Caenorhabditis
elegans, the insect Drosophila melanogaster, the mollusc Mytilus edulis, or the echinoderm
Strongylocentrotus purpuratus and in many prokaryotes (such as the cyanobacteria
Syneccococus spp). The MTs from this diverse taxonomic range represent a high-
heterogeneity sequence (regarding molecular weight and number and distribution of Cys
residues) and do not show general homology; in spite of this, homology is found inside
some taxonomic groups (such as vertebrate MTSs).

Fowler et al. were the first to establish a classification of MTs in 1987 into three
classes; Class | was made to include polypeptides related in the positions of the Cys to
equine MT-1B (MTs homologous to horse MT), Class Il included MTs non homologous to
horse MT, and Class Il comprised phytochelatins, cys-rich enzymatically synthesized
peptides (polyisopeptides composed of atypical gamma- glutamylcysteinyl units and are no
therefore direct gene products) (Fowler et al., 1987). The second classification was
performed by Binz and Kagi in 2001, and takes into account taxonomic parameters and the
patterns of distribution of Cys residues along the MT sequence. It results in a classification
of 15 families for proteinaceous MTs (Binz & Kagi, 1999). Family 15 contains the plant
MTs, which in 2002 were further classified by Cobbet and Goldsbrough into 4 Types (1, 2,
3 and 4) depending on the distribution of their Cys residues and a Cys-devoid regions
(called spacers) characteristic of plant MTs.

MTs are classified base on the similarities of their structures. All mammalian MTs are
placed Class I. The amino acids sequences of MTs of mammalian origin contain
approximately 6laa of similar composition. They all contain 20 cysteine residues that
remain unchanged along the aa sequence. These systeines participate in the coordination of
7mol of Cd or Zn per mol of MT, explaining why they have a high affinity for Cd (10%)
and Zn (10™%) (Kagi & Vallee, 1960).

In mammals, 20 totally conserved cysteine residues (Cys) bind, in the reduced form, a
complement of 7 equivalents of polarizable bivalent metal ions giving rise to two unique
metal-thiolate clusters with characteristic spectroscopic features (Binz & Kagi, 1999). The
spontaneous refolding of the native structure upon metal addition attests to a guiding role of
the positions of the Cys and other AAs conserved in the polypeptide chain. The invertebrate
holo-MTs studied thus far display similar clusters with structural and compositional
variations due to different numbers and relative positions of the Cys residues on the
polypeptide chain.

Table below shows how much MTs in various ecosystems have marginally evolved.
The characterization and structurization of MT have been revealed by only a few articles.
Its three dimensional structure was first reported by X-ray crystallography and NMR
spectroscopy in the 1990s. Later structural studies have shown that MT with 61aa can bind
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3-metal cluster 4-metal cluster

Structure of Metallothionein

with both essential (Zinc and Copper) and toxic (Cadmium and Mercury) metals in two
distinct cluster within the molecule. One cluster is closer to the N-terminal and three metal
atoms bound structures to nine cysteines with three bridging sulphur atoms, while the
second cluster is closer to the C-terminal and four metal atoms bound to 11 cysteines with
five bridging sulphur atoms figure (Schicht & Freisinger, 2009).

Specific Functions of MTs

Metallothioneins have been found to exist in various tissues of different species,
ranging from eukaryotes to mammals, playing significant roles in their respective locations
for the life of the individuals. MTs are stress proteins that bind with metals and regulate the
homeostasis of essential trace metals, counteracting the toxic effects of heavy metals such
as Cd, Hg and Ag in insects (Viarengo et al., 1999). Looking at the different types of MTs
and their functions in different organisms will portray a manner of evolution that has
captured the attention of a huge audience of the scientific world in modern times.

MTs and their functions have been studied in insects such a Drosophila melanogaster,
Orchesella cincta, and Oxya chinensis with some similar and very dissimilar patterns of
distribution and function. D. melanogaster has four MTs (MT-A, MT-B, MT-C, MT-D), all
of which are transcriptionally induced by heavy metals through the same metal-responsive
transcription factor, MTF-1 (Egli et al., 2006), while Orchesella. cincta has only one
identified MT. Two MTs (OcMT-1 and OcMT-2) have recently been identified in Oxya
chinensis (Liu et al., 2014).

MTs B, C, D are located in the same gene cluster and encode very similar peptides
(67 % amino acid identity) (Egli et al., 2003). Drosophila MT-A and MT-B were classified
as copper-type thioneins due to their metal binding properties. (Valls et al., 2000;
Domenech et al., 2003). The expression of MTs at the gene level is transcriptionally
regulated by metal-responsive transcription factor 1 (MTF-1), homolog to the mammalian
MTF-1. The mechanism is such that MTF-1 binds to the short DNA motifs termed metal-
responsive elements (MREs) in the MT promoter upon metal load. These MREs are
necessary and sufficient to mediate the transcriptional response to heavy metals (Stuart et
al., 1984). Basal and induced levels of transcription in both mammals and in Drosophila
depend on MTF-1 activity, and consequently a mutation of MTF-1 in both organisms
dramatically increases the sensitivity to heavy metals (Egli et al., 2003, Wang et al., 2004).
MT-A and MT-B are of major importance to the heavy metal defense of Drosophila, with a
leading role of MT-A and MT-B for Cu and Cd load respectively. Individual activities of
MTs are achieved by the corresponding specificity in induction and, probably some metal-
cluster features that confer a more optimal character to the Cu-MT-A and Cd-MT-B
complexes, respectively (Egli et al., 2006). This has been shown already for MT-B under
high cadmium load (Domenech et al., 2003). The roles played by MT-C and MT-D are still
to be well elucidated as their metal-binding capacity is very insignificant as compared with
the capacity of MT-A and MT- B.

The two MTs obtained from O. Chinensis possessed different coding sequences,
peptides and cysteine concentrations (11). The amino acid sequence of OcMT1 protein was
similar in length to those of MT-A, MT-B, MT-C and MT-D in Drosophila, varying from

ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 1-2 95



40aa to 44aa (Egli et al., 2003) and are much shorter than the MTs of most other species,
ranging in size from 58aa to 61aa. Both OcMT1 and OcMT2 code for most of the conserved
cysteine residues and functional motifs such as (C-C, C-X-C, C-X-Y-C) (10). A total of 16
cysteine residues were found along the entire OcMT2 sequence, and cysteine and lysine
(Lys, K) were adjacent at four positions. The Cys residues adjacent to Lys have been
suggested to play roles in the structures and stabilities of the metal-binding sites of the
protein (Chung et al., 1991). These important structural characteristics suggest that OcMT1
and OcMT2 may be involved in heavy metal detoxification by capturing the metal within
the tissues and that these residues may serve as primary chelating sites (Ren et al., 2010).
The two OcMT genes were found to be widely expressed in the brain, the optic lobe and the
digestive tissues (FG, GC, MG and HG) (Liu et al., 2014). The expressions levels of
OcMT1 and OcMT?2 in the fat bodies were higher compared with those in the other tissues
with the exception of the brain and optic lobe. These findings suggest that OcMT1 and
OcMT2 can detoxify exogenous chemicals. The higher expression levels of OcMT2 in the
ovaries suggest that this MT may be related to the protection of O. chinensis reproduction
from metal toxicity or from oxidative stress (Klaassen et al., 2009). Therefore, the two MTs
may play important roles in the detoxification of exogenous chemicals (Liu et al., 2014).

Mammalian MTs are mainly consisted of MT-1, MT-2, MT-3, and MT-4. They originated
through a series of duplication events. In a general sense, MT-1 and MT-2 encode for ubiquitous
proteins while MT-3 and MT-4 evolved to accomplish specific roles in the brain and epithelium
respectively. Further expansion of the MT-1 gene has occurred in the primate lineage reaching
in humans a total of 13 paralogs, five of which are pseudogenes, while the remaining eight are
still functionally active. In humans, the reading frame of all five MT-1 pseudogenes is
reconstructed by sequence homology with a functional duplicate revealing that loss of invariant
cysteines is the most frequent event accounting for pseudogeneisation. Expression analyses
based on EST counts and RT-PCR experiments show that, as for MT-1 and MT-2, human MT-3
is also ubiquitously expressed while MT-4 transcripts are present in brain, testes, esophagus and
mainly in thymus (Moleirinho et al., 2011).

Mammalian MT-1 and MT-2 are conserved proteins that play a critical role in heavy-
metal homeostasis and are transcriptionally induced by metal (Beach & Palmiter, 1981) and
glucocorticoids (Hager & Palmiter, 1981).

Since its discovery (Palmiter et al., 1992), MT-3 has been frequently associated with
the protection against neuronal injury (Chung & West, 2004; Hozumi et al., 1995). The
mammalian MT3 protein shows a characteristic insertion of six residues at the a-domain
when compared to that of MT-1 and MT-2 and an extra residue in the b domain (Thr),
which is responsible for neuron growth inhibitory activity in Alzheimer disease (Cai et al.,
2006; Romero-lsart et al., 2002). Although the expression of MT-3 has been almost
exclusively related to brain tissues, it has also been demonstrated that MT-3 is a
ubiquitously expressed gene. In this regard, it is worth mentioning that MT-3 associates
with other proteins in mouse brains as part of a multiprotein complex (Lahti et al., 2005)
suggesting function diversification and involvement in various physiological processes.

MT-4 retains a high degree of conservation between humans and mice, yet it shows
the highest sequence divergence when compared with any other MT family member
(Moleirinho et al., 2011). It has been shown that mouse Mt-4 retains the capacity to bind Zn
(Quaife et al., 1994; Tio et al., 2004), Cd and Cu as the ubiquitously expressed MT-1/MT-2,
although the affinity to Cu is higher (Tio et al., 2004, Meloni et al., 2006). Suggestions
have been made that MT-4 is inactive in some individuals (Moleirinho et al., 2011). It is
tempting to assume that the loss (pseudogeneization) of MT-4 can be compensated by
functional equivalents. In this context, MT-1 and MT-2 would be the most likely candidates
for a number of reasons. First, the metal binding properties of MT-1 and MT-2 overlap that
of MT-4 in mice (Cai et al., 2005). Second, it has been demonstrated that some MT-1
duplicates have cellular specificity (Schmidt & Hamer, 1986; Cherian et al., 2003) and
some of them are expressed in epithelium. Third, previous experiments in Drosophila
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melanogaster demonstrated that the number of functional gene duplications correlates to
the resistance to Cd (Maroni et al., 1987; Maroni et al., 1986) and Cu (Maroni et al., 1987)
as a direct consequence of the increased gene expression.

CONCLUSION

There exist a general consensus as to the principal functions of MTs; detoxification
and homeostasis, but the common impression is that we are still a long way from seeing the
end of their evolution. As the various ecosystems continue to evolve, so do every micro and
macro components in the ecosystems. Many isoforms and sub-isoforms from various
organisms have been identified but most functions are yet to be attributed to a lot of them.
A very common factor about the MTs is that they are triggered by the presence of heavy
metals, enabling homeostatic, detoxification and oxidative stress functions. From the time
of their discovery till today, MTs have evolved massively with the latest researches being
carried out to find treatment for various diseases especially in the battle against cancer. At
the rate at which their evolution continues to unravel via experiments, it is only a matter of
time before many functions are figured out and their uses are expanded.
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INFLUENCE OF CHLORIDE AND SULFATE IONS ON THE COMPOSITION
AND THE BIOMASS OF SOIL ALGAE IN THE SOILS OF MARIUPOL CITY URBAN
ECOSYSTEMS

Abstract. In the article the results of the estimation of composition of salts and an activity of
chlorid-ion and sulfat-ion in soils of the steppe area of Ukraine (by example of Mariupol) are
presented. The author was conducting the researches on the territory of Mariupol city during a period
from 2008 to 2011. The urban soils have some specific properties which are the result of
anthropogenic transformation.

Now all around the world the special attention is given to biodiversity in terrestrial ecosystems,
which are an important feature of the natural resources and the main sign of trends in their
development. The processes of urbanization of natural landscapes have caused some changes of
biological factor of the soil formation and also of the formation of artificial ecological systems. These
systems are characterized by the infringement of their functioning.

The alteration of chloride and sulfate ions have been analyzed in comparison with zonal soils of
background areas in connection with possible changes of species composition and structure of
groupings of soil algae for which the top horizons of soil are the main place for existence. The given
researches showed that chloride salts are prevailing in composition of soluble salts.

Species composition and indication properties of soil algae as biological pollution indicators of
the protected of the urbanized soils have been studied. The greatest quantity of kinds of seaweed is
allocated in zonal soils. In samples of soil Mariupol by direct count the 86 algae species of
Chlorophyta (43 %), Cyanophyta (25 %), Xanthophyta (16 %), Bacillariophyta (13 %) and
Eustigmatophyta (3 %) have been found. The green and blue-green algae were found to be prevailed,
it was proved that they are the basis of dominate species complex.

Structural features of algae soil in habitats with various character of action of factors of
urbanized environment are subjected to benchmark analysis. There were examined the formation
processes of biological indexes depending on the soluble salts of soil profile and also an influence of
these factors on ecological conditions of urban algae landscapes.

The level of anthropogenic load of pollutants has been determined. It is the evidence of
negative influence of technogenic loading, in particular process of the accumulation of sulfates,
chlorides and deterioration of physical properties of soil on the variety of soil algae species.

Some trends can be easily interpreted on the basis of differential accumulation of biomass and
the expected impact of the sharp decline in this indicator. If only the abiotic factors associated with
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monitoring biological indicators of soil, it should be equivalent to dependence, as some indicators,
being next to the other, may be affected in certain environmental conditions.

The results of the chemical indicator researches participating in processes of biomass
transformation of algae can explain the essence of occurring processes of changes for forecasting of
degradation of soil under the influence of anthropogenic influence. The change of integral indexes of
biological activity can serve as the degree of the anthropogenic affecting soils.

The results of studies of chlorides and sulfates in soils of urban ecosystems, their influence on
the composition and biomass of soil algae are described. Fluctuation ranges in biomass of algae have
been registered. The biomass of algae correlates with chlorides (r = - 0,90) and sulfates (r = - 0,54) in
soil.

The results of the research can be widely applied to evaluate the state of the ecosystem of these
variables and they can be used as bio-reflecting the reactions of anthropogenically damaged habitats
on soil salt content of chlorides and sulfates as pollution.

Keywords: urbanized ecosystem, soil, chlorides, sulfates, alga soil, biomass of algae.
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BTMAHVE COAEPXAHUVA MOHOB X/1OPVAOB 1 CY/Ib®ATOB
B NMOYBE YPBOIKOCUCTEM r. MAPUYMOJIA HA COCTAB 1 BUIOMACCY
NMOYBEHHBLIX BOAOPOC/IEN

AHHOTauus. VI3yyeHO cofep>kaHve X/I0puAoB M Cynb(aToB B MO4YBe YpPOO3IKOCKCTEM
r. Mapuynons, ux BAMsiHWE Ha COCTaB M GMOMacCy MO4YBEHHbIX Bogopocneli. MpeobnagatoLueit
rpynnoin Bogopocneii noyus B yp6oskocucTem sensetca Cyanophyta u Chlorophyta. Buomacca
BOZOPOC/eli KoppenupyeT B 06paTHOM 3aBWCUMOCTM C KOAWYeCTBOM XnopuzoB (r = - 0,90) u
cynbpatos (r = - 0,54) B nouse.

KntoueBble cnosa: yp6oskocucTema, NoyBa, X10publ, CyabgaTbl, MOYBEHHbIE BOAOPOC/H,
6uomacca Bogopocneii.

YK 631.574:54/.5(477.62) O. I'". LLexoBueBa
I. A. ManbueBa A-p 6ion. Hayk, npod.

MeniTononbCbKUI Aep>KaBHUiA NefarorivHnii yHiBepeuTeT iM. B. XMenbHULLKOrO,
BYyN. JleHiHa, 20, M. MeniTononb, YkpaiHa, 72312,
Ten.: +38095-774-84-79, e-mail: helga22@inbox.ru

BMNVIB BMICTY IOHIB XJTOPUAIB | CY/Ib®ATIB Y IPYHTI
YPBOEKOCWCTEM m. MAPIYTMOJIA HA CKITAL | BIOMACY
'PYHTOBUX BOAOPOCTEN

AHoTaLisl. BUBY4EHO BMICT i0HIB X/1I0pUAIB i CyNb(aTiB y IPYHTI B MeXax ypboeKocucTem M.
Mapiynons Ta iX BNAMB Ha cknag i 6iomacy rpyHTOBMX BOAOPOCTEN. lMepeBaxkarouor rpynoto
BOAOPOCTEN pyHTIB ypboekocncTemn € Cyanophyta Ta Chlorophyta. Biomaca BogopocTeii Kopentoe
B 3BOPOTHIli 3a1€XKHOCTI i3 KifbKiCTHO ioHiB xnopugis (r = - 0,90) Ta cynbartis (r = - 0,54) y rpyHTi.

Kntoyosi cnosa: ypboekocucTema, IpyHT, X10puau, cynbaTy, 'pyHTOBI BOAOPOCTI, 6iomaca
BOJOPOCTENA.

BCTYN

Ha TepuTopii YkpaiHy noMiTHe Micue 3aiiMatoTb 3aCOfieHi I'PyHTM, BenMKa 4vacTuHa
AKUX MpUnagae Ha CTenoBy 30HY. He3HauyHa KifbKiCTb OMafiB, BWMCOKE BUMapyBaHHA
(perioHanibHMIA KoedpiLlieHT 3B0N0XeHHs cTaHoBUTbL 0,5 (Mil’kov, 1977; Novikova, 2007)),
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6/1M3bKe po3TallyBaHHs MiHEpani3oBaHMX Nif3eMHUX 'PYHTOBUX BOA, BMCOKI TemmnepaTypu
CKNaJatoTb YMOBU N5 (DOPMYBaHHSA MPOLECy 3acofieHHs I'pyHTIB. MpupogHe HaKOMUYeHHs
CONe y I'pyHTax TakoX BifOYyBaeTbCA Mif Yac iX NepeHeCeHHs MOBITPAHUM LUNSXOM 3 MOpS
Ha cywwy (Onishchenko et al., 2011). MpuynMHamK, WO NPU3BOLATL [0 3aCO/MEHHA IPYHTIB B
yMOBax YpOOeKOCUCTEM, OKPIM MPUPOAHMX, € AHTPOMOreHHWIA BMAMB, MOB’A3aHUIA i3
OCa[PKEHHAM Ta (inbTpauieto uyepes rPYHTU PO3UMHIB XIMIYHMX PEYOBUH BUPOOHUUMX
BigXOpiB, TEXHOTFEHHO-06YMOB/IEHOTO NIiATONIEHHS WaxXTHUMK Bogamu Towo (Lavrik, 2009).

BopopocTi € CK1afoBOK YaCTMHOK TPYHTOBMX 6iOLEHO3IB  MPUPOAHMX |
yp6aHi3oBaHNX eKocucTeM. [pPyHTOBa anbroiopa, K BBaXalTb 6arato asTOPIB,
3HaX0AUTLCA B MPSAMIM 3aNeXHOCTI Bif aHTponoreHHoro BnauBy (Metting, 1981; Shtina
and Nekrasova, 1985). Ocob6nuBOCTi I'PYHTOBMX BOMAOPOCTEN Ta iX YrpynoBaHb €
[0AATKOBOK SIKICHOK XapaKTePUCTUKOH IPyHTY. COMbOBWIA CKNag IPYHTY € YMHHUKOM,
o 06MeXye pPO3BUTOK BOLOPOCTENA. 3MiHA OCMOTMYHOIO TUCKY CepefoBULLA BHACNifoK
3aCONEHHS IPYHTY BiI06PaXKAETLCA HA BOAHO-CONbOBOMY OOMiHI BOAOPOCTEN, L0 3HUXKYE
NPOAYKTUBHICTb OcTaHHiX (Shtina, 1990). BoaopoCTi MOXYTb BWKOPMUCTOBYBAaTMCA SIK
GioiHaMKaTopy CTaHy 3abpyAHEHHs FPYHTIB COMAMM, B TOMY 4MC/i, aHTPOMOreHHOro
noxomkeHHs (Shtina, 1990; Bellinger, 2010). ¥ HaykoBiil niTepaTypi € BigomocCTi npo
CKfaf, BOAOPOCTEl 3acO/ieHUX I'PyHTIB MpupoaHoro noxomkeHHs (Gollerbakh and Shtina,
1969; Maltseva, 2000; Solonenko et al., 2006). Ocobn1BOCTi 3MiH BOAOPOCTEBOr0 CKagy
npy 3MiHI KOHLEHTpaUiil 10HIB X/TOPMAIB | CyNb(aTiB y rpyHTax MICbKMX EKOCUCTEM, He
JocnimpKyBanmes.

MeTor0 fOCNifAKEHb € BUBYEHHS BNAMBY CyNbdaTiB i XIOPUAIB Ha BUAOBWIA CKNag i
biomacy BogopocTeil rpyHTIB M. Mapiynons, ki nepebyBatioTb Mif  BMAVBOM
aepoTEXHOrEHHOr 0 HaBaHTAXKEHHS.

MATEPIANW | METOAN AOCIOXEHDb

JocnigpkeHHs 3ailicHioBaM y M. Mapiynonb, WO 3HaxoAuTbCA Ha NiBAHI JOHeUbKOT
006nacTi — oiHOMY i3 HaliBifbLL aHTPOMOreHHO-TPaHChOPMOBaHMX PerioHiB YKpaiHu. MicTo
Mapiynonb po3TalloBaHO Ha 3axigHOMY y36epexoki TaraHpo3bKOi 3aTOKW, NpY 3UTTI PiUKKM
KanbMmiyc Ta ii npaBo6epexxHoro Nputoky Kanbuuk, [0 SKUX HAAXOAATh LWAaxXTHi i CTiYHI BOAMW.
MiHepanizaLis piukoBux Bog, MisHiuHOro Mpuasos’s 36inbLyeTbCs Big 0,5-1,0 r/am® nig yac
BECHAHOrO MOBHOBOAAA 0 2,0-4,0 r/aM® B NiTHLO-OCIHHINA nepiog, Npu LLOMY Cy/b(haTHO-
Ka/bLLIEBUIA COMbOBWIA CKag TPAHC(OPMYETLCS Ha CybaTHO-KasbLieBo-HaTpieBmid (Geletyuk,
2003). ['pyHTOYTBOPIOKOUOD MOPO/JOKD PaliOHy AOC/IMKEHb € NIECOMOAIBHMIA CYrIMHOK. 3a
rPaHyNOMETPUYHMM CKagoM IpyHTU M. Mapiynons BigHOCATLCSA 40 CEPeaHbOCYTIMHUCTUX i
BEDKKOCYT/IMHUCTUX i3 NEPEBAXAHHAM MYNMCTOI Ta KpynHONMAyBaToi (pakuid. Ana MicbKnx
I'PYHTIB pafioHy LOCAiMKeHb XapaKTepHi 3MiHW 3HaueHb pH y 6iK Mif1yroByBaHHs, Ha LLO 6yo
BKa3aHO Hamu paHille (Shekhovtseva and Maltseva, 2010). KoHTponem cnyxunm Teputopii
NpYPOAHO-3aMoBiAHOr0 (hoHAy YKpaiHM B MeXax niBAeHHOI YacTMHW [loHeLpbKoi 06nacTi:
YKpaiHCbKOrO CTEMOBOr0 MPMPOAHOro 3anoBigHuKa «Kam’siHi MOrunuM» Ta  3aKasHuKa
MiCLIEBOIO 3HaYeHHs! «A30BCbKa faqa». 3pasku Ans AoCNimpKeHb Bigdupanm Ha 8 cTalioHapHMX
Npo6HKX nnowax. CrauioHapHi NPOBHI NOLL, AKi 3HAXOAATLCA Mif AiEt0 aepOTEXHOreHHMX
BMKWAIB Ha TepuTopil MicTa Mapiynons, po3TalloBaHi B NPMPOAHO-PeKPeaLtiiHiin 30Hi — napk
BIANOUMHKY «A30BMalL» (P3AM); caHITapHO-3axXMCHIA 30HI — 6inA cTagioHy «A30BeLb»
(C3AM), 6ina npomBy3na «AsoBmaw» (C3AM;), MeETaNypriiHNX KOMGIHATIB «iM. liniiva»
(C3KI) in «AzoscTanb» (C3AC); ceniTebHili 30HI — LeHTpasibHa YacTuHa micta (CLLT); y3a0Bx
aBTOTpacy Npw BUi3Ai 3 MicTa Ha cMT Bonogapceke (AMB). IMNpo6Hi NoLLi 30HANbHUX IPYHTIB
(KOHTpONbHI) OynM  3aKnafeHi y CTenoBoMy 6iOreoLeHosi  YKpaiHCbKOro MpupoAHOro
sanoBigHnka «Kam’aHi mormnmy»  (®C) | WTyyHMX [Oy6OBUX HacaKEHHSX 3aKasHMKa
«A30BCbKa faya» (D).

[ns 06CTexXeHHs ypbaHi3oBaHMX Ta 30Ha/IbHUX TUMIB IPYHTIB 3pasku Bigbupanmcs
MoLIapoBo A0 rnbuHn 90 cm. MeToay AOCAifAXKeHHS BNacTMBOCTEN IpYHTIB NpoBOAUN
MoAbLOBMMU, N1abopaTOPHO-aHATITUYHMMM METOLAMU; BMBYEHHS CKNady BOAOPOCTEN —
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KynbTypanbHumn Metogamu (Gollerbakh and Shtina, 1969). biomacy BogopocTeii
BM3Ha4ann 06’eMHO-po3paxyHKoBuM metogom (Bellinger, 2010). 3 meToto igeHTUdiKawit
BU/iB BUKOPWCTOBYBA/IN BITUM3HSAHI | 3apy6idKHI BU3HAYHUKWN. Ha3BM TaKCOHIB NpUBEAEHI
BignosigHo 0 3BefeHHA  «Vodorosti  gruntiv  Ukrayiny»  (2001). Cynbhatu
JocnifKyBamcs  rpaBiMETPUYHUM  METOZOM,  XIopuan —  TUTPOMETPUYHMM 33
BignoBigHMMK MeToamkam (Arinushkina, 1970). BMICT aHIiOHIB y BOAHIA BUTSXKUI
npeLCTaB/eHo y BUMNAAI BIACOTKIB | Minirpam-ekBiBaneHTis Ha 100 r rpyHTY (Mr-eKkB).

O6pobKa OTPUMaHOro MaTepiany 34iCHI0BaNacs METOAAMU MaTEMAaTUYHOI CTaTUCTUKN
3 BUKOPUCTaHHAM KopensuiiHoro aHanisy (Microsoft Excel, 2010; Statistika 6.0).

PE3Y/IbTATU TA IX OBrOBOPEHHSA

[VHaMiYHICTb TakMX MOKAa3HWKIB AK 3aCONEHHs [PYHTIB B YMOBax CTernoBOro
MOCYLUNMBOIO KNimMaTy B ypboekocucTeMax NpOCTEXYETLCA Ha NPUKNagi aHioHIB Xnopugis
i cynbartiB. Pe3ynbTaTy aHani3iB KifIbKICHUX MOKa3HWKIB X BMICTY BUSBAAOTb BUCOKY
BapiaTwBHICTb (Tabn. 1). MakcumanbHi KOHUEHTpauil Xnopug-ioHy dikcyBaimca y
2008 poui (53,75 wmr-ekB), cynbhat-ioHy — y 2011 poui (4,55 mr-ekB). MiHimMa/bHi
KOHUEHTpauii xnopug-ioHy (3,4 mr-ekB) i cynbhat-ioHy (0,33 mr-ekB) —y 2009 poui. Taki
KOHLEHTpaUii Xnopua- i cynbaT-ioHiB CNOCTepiraloTbes Y rpyHTax, e CTyniHb 3aCOMNEHHS
OLLIHIOETLCA Bif Masol o cunbHoi (Kovda, 1973).

3a nepiog i3 2008 no 2011 pp. cepeAHbOpiYHA KiMbKICTb OMagiB y CTEMoBilA 30HI
cknana 509,25 mM. Cyma onagie y M. Mapiynoni 3a ueil nepiog ctaHosuna 544,1 mm Ta
iCTOTHO Bigpi3HAnaca Bif cepefHix 6araTopiuHVX NokasHWKiB (424 mm). KonumBaHHs 1Ty
po3pisi pokis Bif 424,4 mm (2011 p.) go 692,2 mm (2009 p.) chopmyBanu cneLudiyHi
YMOBUW BN/IUBY aTMOCKEPHMX OMaAiB Ha PyX/MBICTb AOCAIMKYBaHUX IOHIB y IpyHTaX fK
(hOHOBMX AINSHOK TaK i B 30Hi aepOTEXHOreHHOro BM/MBY. 3MiHWM BMICTYy X/I0pUA-iOHIB
(r =-0,79) i cynbthat-ioHis (r = 0,62) y rpyHTax 3anexHi Bif cepefHbOPIYHNX KOMMBaHb
KifIbKOCTi onagis.

Tabnmus 1

Pe3ynbTaTy aHani3y KilbKiCHMX MOKa3HWKIB BMICTY XN0PUAIB i CyNbdaTiB y IPyHTax paiioHy
pocnigpxeHb (2008-2011pp.)

BwmicT ioHiB, mMr-eks/100 r

Mpo6Hi
NOLL

CniBBiAHOLLEHHS

BECHa nma ioHis CI/SO,>

cr S0, cr S0,
2008 | 2009 | 2011 | 2008 | 2009 | 2011 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2011
®C 1020 815 888 265 265 280 630 340 120 095 41 31 33
®N 4250 755 785 230 430 150 1040 530 120 050 185 18 53
P3AM 3660 940 825 137 170 200 1230 530 100 078 529 51 414
C3AM 3875 783 733 090 155 185 1590 500 070 035 342 68 40
C3AM,; 4980 7,60 726 065 180 178 1340 575 090 033 408 63 41
C3AC 4815 690 7,75 095 215 267 1200 580 150 049 511 33 56
C3KI 4625 690 838 060 290 455 1190 58 120 054 797 24 27
CUT 4565 750 863 125 275 130 1260 550 120 118 483 30 68
AMB 5375 655 850 145 075 175 962 580 170 040 371 105 52

IHTEHCMBHOMY KanifIipHOMY MepecyBaHHIO NerKOPO3YMHHIX COMein AOropu 3 6N3bKUX
CiNbHOMiIHepani3oBaHVX NiArpYHTOBUX BOA i akyMynsLii TX y BEPXHIX FrOPU30HTax CrpustoTh
Bucoki Temneparypu (Novikova, 2007). 3miHa BMIiCTYy Xnopug- i cynbdaT-ioHis
MPOCTeXyBaNacad Yy PisHi 4acoBi BiApi3Ku: Bif CE30HHMX [0 PiYHMX, LIO MOB’A3aHO 3

102 ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 1-2



TeMnepaTypHUM PeXXMMOM Ta KifbKiCTHo onaiB. CepefiHili BMICT X/1I0pPM-iOHIB B3UMKY HIDKYE
BECHsHMX y 15,8 pasiB, CynbdaT-ioHiB — Yy 2,7 pasn, BUHATKOM € BecHa 2008 poky (puc. 1).
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Puc. 1. Moce30HHW aHani3 BMICTY X/10pui- i CyNbaT-ioHIB y I'pyHTax paioHy A0CNipKeHb:
1 — 3MMOBI MOKA3HWKW; 2 — BECHSAHI NMOKa3HWKU

CepefHbopiyHa Temnepatypa noBiTpa y nepiog 2008-2010 pp. nepeBuuimna
cepefHI0 baraTopivHy Ha 0,66 °C. Y 2008 poui BUCOKOMY BMICTY iOHIB SIEFKOPO34YUHHUX
coneii y rpyHTax nepefyBaM MNPUPOAHO-KNIMaTUYHI YMOBW paiioHy AOCAIMKEHb Y
2007 poui, a came — HU3bKa CymMa OMafiB MOPIBHAHO i3 cepefHbOK 6aratopivHoo
KinbkicTio (373,3 MM) Ta BUCOKA cepefHbOpiuHa Temnepartypa nositpa (Ha 1,3 °C 6inbLua
6araTtopiuHuUX gaHux).

MapanensHO 3i 3MiHOK 3arafibHol KiNbKOCTi I0HIB X/I0PUAIB i CyNb(aTiB 3MiHIOETHCA
TX CniBBIAHOLIEHHS, MPOTe CMINIbHUM € [AOMIHYBaHHSA X/0pMA-iOHa Ha BCiX NPOBGHMX
nnowax Big 1,8 go 79,7 pasis (Ta6n. 1).

"MnbrHa NPOHWKHEHHS AOCNIAKYBaHMX IOHIB pi3Ha, NMOB’sA3aHa 3 BOAHUM PEXUMOM
FPYHTY | BMAMBOM KAiMaTUYHMX (PakTopiB. Pe3ynbTaTM AOCAIAXEHb BMICTY IOHIB
cynbhaTiB Ta X/I0pPUAIB 3a PYHTOBUM NpodinemM npeacTaBneHi Ha puc. 2.
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Puc. 2. MpoginbHWIA po3nogin xnopua- i cynbdaT-ioHiB y FpyHTax panoHy
paocnimkeHb (3a gaHumm 2011 p.)

Mig vac aHanisy po3snoginy 3a npoginem crocTepiraeMo piBHOMipHe po3TallyBaHHA
cynbaT-ioHIB y BGiNbLIOCTI BapiaHTIB 32 BUHATKOM BEPXHLOrO LWapy rpyHTy (go 10 cm) ge
aKymysioloTbea Ui ioHM y BapiaHTax «C3Kl» (go 46,8 %) i «C3AC» (go 54,2 %).
Y BepxHbOMY LWapi FPyHTIB MICbKUX [LiNISHOK BMICT X/OPWA-iOHIB CKIafae MeHLy
KiNbKICTb | 30i/bLUY€ETLCA Ha FNMGUHI 50-60 cm Ha 0,3-0,7 %.
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BmicT cynbhaTiB Yy BOAHIN BUTSXKLi I'PYHTIB 30Ha/IbHUX | YPOAHOTEHHMX TepUTOPIii
Bapitoe Big 0,33 go 4,3 mr-eks, xnopugis Big 3,4 fo 53,75 mr-eks. Cnig BigMiTUTK, WO
Ti/IbKW Ha MICbKMX TEpUTOPISX 3yCTpidanncs MakCUManbHi MOKasHUKWM | XNopuais
[y 2008 poui BapiaHT: «AMB» Bignosiganu 53,75 (Mr-eks); «C3AM» — 15,9 (Mr-ekB);
y 2009 poui:«P3AM» — 9,4 (mr-ekB); «C3AC», «C3Kl», «AMB» — 58 (Mr-eks);
y 2011poui: «CLIT» — 8,63 (Mr-eks)] i cynbaTtis [y 2008 poui: «AMB» — 1,7 (Mr-ekB);
y 2009 poui:«C3Kl» -2,9 (mr-ekB); «CLIT» — 1,18 (mr-eks); y 2011lpoui: «C3Kl» —
4,55 (mr-ekB)] (tabn. 1).

MOoX1MBO Take CTaHOBMLUE MOB’A3aHO 3i CKNaoM BWMKMAIB NpomnignpuemcTs. 3a
fJaHummn JepxkomcTaTr YKpaiHu, T00BHOro ynpas/iHHA CTaTUCTUKK y [loHeLbKili 0bnacTi
06¢sru Bukungis 2008 p. Big cTauioHapHuX mkepen 3abpyaHeHHs y M. Mapiynoni cknaim
359,3 Tc. T. OCHOBHOK MPMYMHOK BUKWUAIB 3abpyAHIOBaYiB aTMOC(epHOro MoBiTps B
[IOBKiNNS € 3acTapine nunorasoouncHe yctatkyBaHHS BAT «MMK im. lnniva». YacTka
oro o6esris cknagae 220,4 Tuc. 1., BAT MMK «A3oBcTanb» — 136,1 Tuc. T.

O6cary BMKMUAIB XNopy Ta MOro CMonyK Bif CTalioHapHWX MKepen y atmocdepy
CTaHOBMATL MeHLWe 1 %, Ha Jiokeng, Ta iHLWi cnomnykum cipky npunagae 28 %. CepefHbopiuHe
3HaYeHHs cepeaHbOL060BOI KOHLEHTpaUil giokeuay cipkv y 2009 poui He nepeBuLLyBano
rPaHNYHOAONYCTUMY KOHUEHTpauito. Y nopiBHAHHI 3 2008 pOKOM CMOCTepiraeTbes
TEHAEHLLiS NOCTYNOBOro 36i/bLUEHHSA cepeiHb0A060B0T KoHLUeHTpauiT (Ukrayna u tsifrakh ...,
2012), 110 MOXKe MOACHIOBATM aKyMy/sLit0 B MOBEPXHEBOMY LUAPI I'PYHTY CyNbdaT-ioHy Ha
[aHUiA MOMEHT yacy.

He MO)XHa BMKKOYaTK | NpoLec iMny/bBepusalii rpyHTIB CONsSMU, SKi MPUHOCATLCS 3
NOBITPSAM i3 MOPCLKOTO y36epexoks. AHasi3 6M3bKOCTI po3TallyBaHHS MPOBHMX LiNAHOK
[0 MOps | KOHLEHTpaUii XNopuA-ioHIB y IpyHTaX, MoKaszaB, WO O6/MKYe [0 Y30epexiKs
MOpS BUAINAETLCSA rpyna NPo6HMX NOLL i3 6iNbLUOK KOHUEHTpauieto xnopugis — «C3AC»,
«CLT» i «C3Kl».

[na  MicbkMx  FpyHTIB  palioHy  [OCnifKeHb  XapakTepHO, KpiM  fBULLY
KOHTVHEHTANIbHOrO  COMIEHAKOMWYEHHs,, TakoX N akymyfisuis X 38 paxyHOK
iMnynbBepisalii Ta aepoTexHOreHHOro BrnavBY. Bce Le cTBOpPHOE 0CO6/1MBI yMOBM A1
iCHyBaHHA I'pyHTOBOI 6i0TW i BOgopocTeldi y Tomy uucni. 3 86 Bugis, WO 3HalifeHO B
ypbaHi3oBaHux ekocucTemax M. Mapiynons (Tabn. 2) nepeBaxatoTb NPeACTaBHUKM Biaginy
Chlorophyta — 43 %, Ha gpyromy micui 3a uucnom sugis Bigain Cyanophyta — 25 %.
BopopocTi Bigginis Xanthophyta i Bacillariophyta craHoBnats 16 i 13 % BignosigHo.
PisHOoMaHITTS Bigginy Eustigmatophyta He3HauHe — 3 %.

Tabnuuga 2
TaKcoHOMiIYHa CTPYKTypa BOAOPOCTeN I'pYHTIB JOCNi4KYyBaHOI0 perioHy Ha piBHi Biaainis
Mpo6Hi BifHoCHa KinbKicTb BUAIB, %
nnoLw Cyanophyta | Chlorophyta | Xanthophyta | Bacillariophyta | Eustigmatophyta
®C 36,5 32,7 17,3 11,5 2
®n 11,8 54,9 21,6 7,8 39
P3AM 20,4 42,9 18,3 14,3 41
curt 37,5 31,3 15,6 15,6 He BUSIBNEHO
C3KI 12,9 61,3 6,5 19,3 He BUAB/IEHO
C3AC 33,3 36,7 16,7 10 33
AMB 22,6 45,2 12,9 16,1 32

36inbLueHHs yacTkn Cyanophyta y BapiaHTi (DOHOBUX JiNsHOK «®Cx» XapaKTepHo 4ns
I'PYHTOBOT anbroghiopun cTenosmx 6ioreoleHo3is. Ha Le BKasye CMiBBiAHOLLEHHSA KiflbKOCTI
Cyanophyta go Chlorophyta — 1,11 ta Cyanophyta fo Xanthophyta — 2,11. ¥ BapiaHTi
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«®J1» NOCUNIOETLCA POSb XKOBTO3E/IEHMX Ta 3€/IEHMX BOLOPOCTEN, 3HAYEHHSA MOKa3HMKa
Cyanophyta/Chlorophyta — 0,22 i Cyanophyta/Xanthophyta — 0,55, 110 MeHLIEe oguHKLI i €
XapaKTepHO pucoto anbrodnop nicoBux bioreoueHosis (Kuzyakhmetov, 2006; Maltseva,
2009). CnissigHoLleHHs Cyanophyta o Chlorophyta MeHLIe 0AWHWLI BiIMIYEHO TakoX Y
BapiaHTax «C3Kl» (0,21); «<P3AM» (0,48); «<AMB» (0,5); «C3AM» (0,91). Xanthophyta 3a
JaHuMKM pisHuX gocnimxeHb (Shtina, Nekrasova 1985; Shtina, 1990) 6inbw uyTnuei [0
PI3HNX aAHTPOMOreHHMX HaBaHT&XEHb, TOMY B YpPOOEKOCUCTEMax CrocTepiraemo
3MEHLLUEHHS PI3HOMAHITTA LMX NpPeACcTaBHMKIB. Pa3om 3 TUM, BigMiyYaeTbes 36i/bLUEHHS
4acTKM [iaTOMOBUX BOOPOCTE y I'pyHTax ypOOEKOCUCTEM, BUK/THOUEHHAM € /nLLe MPo6Ha
nnowa C3AC (tabn. 2).

Y pe3ynbTati gocnigpkeHs 3 2008 no 2011 pp. 3a faHUMK PerpeciiHoro aHanisy 6ynm
po3paxoBaHi KoeiLieHTn Kopensuii gnsa 6iomacy BOAOPOCTEN Ta KiNbKOCTI X/I0pPUAIB i
Cynb(haTiB A0CNiMKYBaHWUX I'PyHTIB. BCTaHOBNEHO 3MeHLLEHHSI Giomacu BOAOpOCTeR nif
yac 36i/blUEHHS KOHLEHTpaLil AaHuX ioHiB. BiomMaca BOJOPOCTeli KOPentoe B 3BOPOTHIl
3a/1eXHOCTI 3 KinbKicTo xnopugis (r = - 0,90) i cynbgatis (r = - 0,54) y rpyHTax.

BNCHOBKW

1. Y BepxHbOMY TyMyCOBOMY LUapi [AOCNI[KEHUX [PYHTIB CMNOCTepiraeTbes
nepeBaXKaHHsA BMICTY X/10p1A-ioHa MNOPIBHAHO i3 CyNb)aT-ioHOM.

2. KinbKiCHi 3MiHW BMICTY X/IOpWUA-iOHIB i Cynb(aT-ioHIB [JOCNILKEHWUX T'PYHTIB
CXUNbHI 40 3HAYHWX CE30HHUX i CepefHbOPIYHMX KOMMBaHb. Mif Yac 3HWXKEHHS KinbKoCTi
onagis 30iMbLIYETLCA KOHLEHTPALIS X/I0PUA-iOHIB Y BEPXHbOMY IPYHTOBOMY FOPMW30HTI
(r=-0,82).

3. [ns MicbKMX IPYHTIB paiioHy AOCNIMKEHb XapaKTEPHO, KPiM KOHTUHEHTa/IbHOro
CONEHAKOMUYeHHs, akyMynsauis X 3a paxyHOK iMny/nbBepu3aLii Ta aepoTeXHOreHHOro
BMNVBY.

4. 3a npodinem MiCbKMX rpyHTIB MPOMMCAOBOT 30HU CNOCTEPIracTbCsA 3MiHa BMICTY
XNOPUA-iOHIB i3 MaKCMa/lbHUM 3HAYEHHAM Y 3paskax i3 rmMbLIMX LwapiB, a cynbgaT-ioHiB —
Y BEPXHbOMY I'YMYCOBOMY FOPU30OHTI.

5. ConboBWiA CKMag [PYHTY € OAHMM i3 YMHHKKIB, O OOMEXYe PO3BUTOK
BOZOPOCTE npeAcTaBHUKIB Biaginy Xanthophyta. [JomiHytoummy Bigginamm MiCbKuX
rpyHTiB € Chlorophyta i Cyanophyta — BOHU cknagatoTe 69 % BCbOro pisHOMaHITTA BUAIB
BOZAOPOCTEIA.

6. biomaca BOJOpOCTEl KOpentoe B 3BOPOTHIN 3aN€XKHOCTI i3 KiIbKICTIO X0pUAiB
(r=-0,90) i cynbpatis (r = - 0,54) y rpyHTi.
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ECOLOGICAL STUDY
OF MICROORGANISMS
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PIGMENTS SYNTHESIS BY PHOTOLITHOTROPHIC SULFUR BACTERIA
LAMPROCYSTIS SP. Ya-2003 UNDER THE INFLUENCE
OF HEAVY METALS SALTS

Abstract. Photolithotrophic sulfur bacteria at presence in medium H,S as electron donor and CO,
as electron acceptor at anaerobic conditions carry out anoxygenic photosynthesis using light as energy
source. Main photosynthetic active pigments of purple sulfur bacteria are bacteriochlorophylls and
carotenoids. Biosphere pollution by heavy metals negatively influence on living components of
biocenoses. Synthesis of pigments by purple sulfur bacteria and their spectral characteristics under the
influence of heavy metals are studied insufficiently. The aim of work was to investigate the influence of
some bivalent metals (nickel, cobalt, iron and zinc) ions on pigments synthesis by purple sulfur bacteria
cells of Lamprocystis genus, isolated from enriched by hydrogen sulfide water of Yavoriv Lake.

Bacteria Lamprocystis sp. Ya-2003 was cultivated under anaerobic conditions on lighting in van
Niel medium for 10 days. To study the influence of heavy metals ions on quality and quantity
composition of photosynthetic pigments the cells were sediment by centrifugation (centrifuge OS-6M) at
4025 g during 30 min and incubated during 1 h with metals salts: NiCl,, CoCl,, FeCl, x 4 H,0,
ZnCl, x 7 H,0, at concentrations: 0; 0.5; 1; 1.5; 2; 2.5; 3; 4 mM. Biomass was determined by
turbidymetric method, absorption spectra and pigments content in purple sulfur bacteria cells — by
spectrophotometric method.

To obtaining pigment extracts the cells were dried at temperature 40 °C and destructed by rubbing
with quarts sand. Pigments extraction carried out by mixture ethanol and acetone (1:1 v/v) to complete
colorlessing of sediment. Obtaining extracts were using to registration of absorption spectra. Separation
of pigments mixture was carried out by chromatography on silufol plates (“Sorbfil”, Russia) in the
upflow of the system of solvents petrol : acetone : petroleum ether : hexane (10:10:3:10 v/v).
Carotenoids were eluted from silikagel by an acetone or petroleum ether, bacteriochlorophyll — by an
ethanol. Pigments identification carried out on coloring, by the sizes of Rf and basic maximums of
absorption at a corresponding wave-length. Absorption spectra of extracted pigments of phototrophic
sulfur bacteria were determined in the range of lengths of waves from 350 to 800 Hm with the use of
spectrophotometer SP-46.

It was established that photosynthetic purple sulfur bacteria Lamprocystis sp. Ya-2003 contain
carotenoids of spirilloxanthin row, in particular, spirilloxanthin, likopin and rhodopin, and also
bacteriochlorophyll a. Under the influence of 0.5-4 MM salts of nickel, cobalt, iron (I1) and zinc there
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are an insignificant changes of absorption spectra of extracted pigments. Under the influence of
1-4 mM Ni?*, 2-3 mM Fe?* and 3-4 mM Zn?" on the curves of absorption spectra appear maximums
in area of 500 nm, 1-2 mM Ni?" and 0.5-3 MM Fe?" - in area of 600 nm. Negative influence of
nickel, cobalt, iron (I1) and zinc ions at the concentrations of 2.5-4 MM on pigments formation by
cells of Lamprocystis sp. Ya-2003 is discovered.

Inhibition by bivalent metals ions of pigments synthesis in purple sulfur bacteria is a
considerable obstacle for realization by them of natural detoxication of the lighted zones of
technogenic reservoirs from high-toxic hydrogen sulfide in the process of his use as electrons donor
of anoxygenic photosynthesis.

Key words: photolithotrophic sulfur bacteria, pigments, heavy metals.
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OBPA3OBAHME MNMUIMEHTOB ®OTOJIMTOTPO®HLIMWN CEPOBAKTEPUAMU
LAMPROCYSTIS SP. Ya-2003 o, BJIMAHNEM COJIEN
TAXEJIbIX METAJINOB

AHHOTauus. PoTONMTUTPODHbIE CepobakTepun, KOTOPble UFPaldT BaXHYH pofib B
KpYroBopoTe COeAWHeHWU Cynbypa B MPUPOAE, B OCBELEHHbIX [YOUHHBIX CNOSX BOLOEMOB
OCYLLECTBNAOT AHOKCUTEHHbI (HOTOCWMHTE3, WCMOMb3Ys BbICOKOTOKCUYHbIA H,S Kak AoHOp
3NeKTPOHOB. VccnefoBaHWe B3aMOZAECTBUSA NYpPrypHbIX CepobakTepuil ¢ THKeNbIMU MeTannamm
BKHO [/19 BbIACHEHWS WX POMN B Mpoueccax BO30OHOBMEHWA OGMOLIEHO30B M BO3MOXHOIO
UCMNONb30BaHWA AN 6MopemeanaLm 3arpasHEHHbIX TMAPOreH CybMUAOM U THXENbIMU MeTa1amMm
BOZI0EMOB.

YCTaHOB/MEHO, YTO (HOTOCMHTE3UPYHOLME MYpPrypHbIE CepHble GakTepum Lamprocystis sp.
Ya-2003 cofepxaT KapOTMHOWMZABI CMIVPWINIOKCAHTUHOBOTO PAAa, B YaCTHOCTW, CMIMPWIINIOKCAHTUH,
NIKOMVH 1 POJONMH, a Takke 6akTepmoxnopounn a. Mog snanaHvem 0,5-4 MM coneil HUKens,
KobanbTa, pepyma (1) 1 UMHKa HabNtoLAeTCA HE3HAUNTENBHOE CMeLLeHNe aBCOPOLIMOHHbLIX CMEKTPOB
MOFNOLLEHNS 3KCTPArMpOBaHHbIX MUFMeHTOB. Mo BnauaHneM 1-4 MM Ni%*, 2-3 MM Fe** 1 3-4 MM
Zn*" Ha KPWBbLIX CMEKTPOB MOFMOLIEHNS MOSBAAIOTCA MUKW B ydacke 500 HM, 1-2 MM Ni* n
0,5-3 MM Fe** - B yuyacke 600 HM. BbISiBNeHO HeraTMBHOE B/WSIHWE WOHOB HUKeNs, KobanbTa,
tepyma (I1) M UMHKa Npy KOHUeHTpaumsx 2,5-4 MM Ha o6pa3oBaHuMe MUIMEHTOB K/eTKaMu
Lamprocystis sp. Ya-2003.

Kntouesble cnosa: GoTOMTOTPOMHbIE CepobaKTEPUN, MUTMEHTbI, TAXKENbIE METANbI.
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YTBOPEHHA MIMEHTIB ®OTONITOTPOPH/MU CIPKOBAKTEPIAMUN
LAMPROCYSTIS SP. Ya-2003 3A BIJ/IIBY COMEN BAXKNX METAJIIB

AHoTauis. doToniToTpodHi cipkobakTepii, AKi BifgirpatoTb BaXMBY pofb Y Kpyroobiry
CronyK cynbdypy Yy NpUPOAI, B OCBITNEHNX FMBUHHKX LIapax BOAOM 3A4IACHIOITb aHOKCUTEHHUIA
(hOTOCWHTE3, BMKOPUCTOBYHOUM BUCOKOTOKCUYHWMIA H,S AK [OHOP eneKTpoHiB. JocnifkeHHs
B3aeMOfiT NypnypoBuX CipKobGaKTepiii 3 BaXXKUMU MeTanamm BaIvBe A1 3’ACYBaHHS X poni y
npoLecax BifHOBMEHHA GiOLEHO3IB | MOXIMBOrO BUKOPUCTaHHA /1A Giopemepiauii 3a6pyaHeHUX
rigporeH cynbgigom i BaXKKUMM MeTaslaMn BOLONM.
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BcTaHOBMEHO, LWO (hOTOCKMHTE3yBabHI MypnypoBi CipkoBi 6akTepii Lamprocystis sp. Ya-2003
MICTATb KapoOTMHOIAN CiPUIOKCAHTMHOBOIO PsAY, 30KpeMa, CripuaOKCaHTUH, NiKOMiH i pogoniH, a
TakoX GakTepioxsiopogin a. 3a snamBy 0,5-4 MM coneit Hikento, KobanbTy, tepymy (I1) Ta UMHKY
CMOCTePIracTbCs He3HaUHWIA 3CyB abCOPOLLIAHNX CNEKTPIB MOr/IMHAHHA eKCTParoBaHWX MirMeHTiB. 3a
BrmBy 1-4 MM Ni?*, 2-3 MM Fe?* Ta 3—-4 MM Zn?" Ha KpUBMX CMEKTPIB NOFMHAHHA 3’ ABAAKOTHCS
nikv y AinaHui 500 HM, 1-2 MM Ni?* Ta 0,5-3 MM Fe?*" - y ainauui 600 HM. BUSBAEHO HeraTBHMi
BM/IMB /OHIB HiKeno, KobabTy, thepymy (I1) Ta UMHKY 3a KOHUEHTpauiin 2,5-4 MM Ha yTBOPEHHS
nirMeHTIiB KNiTMHaMu Lamprocystis sp. Ya-2003.

Kntoyosi cnosa: hoToNi TOTPOHI cipkobakTepil, NirMeH Ty, BaXKKi MeTanu.

BCTYN

3abpyHeHHs! Bioctepn BaXKKUMU MeTasiaMy HEraTUBHO BI/IMIBAE Ha XKVBI KOMMOHEHTM
6ioLeHO3IB. HagxomKeHHs iX y HaBKOMMLLHE CEPeaoBUILLE BifOYBaeTHCA YHACIAOK MPUPOAHMX
MPOLECIB Ta aHTPOMOreHHMX BWKUAIB. 3a BNAMBY TMO/KOTAHTIB 3MIHIOIOTLCS He /MLle
(hisionoriyHi BNaCTMBOCTI NPEACTaBHMKIB, a/e 1 CKnag MiKPOOHMX YrpynoBaHsb.

doToniTOTPOHI CipkobakTepii, AKi BigirpatoTe BaX/IMBY PO/b Y KPYroobiry cnonyk
Cynbyypy B NPUPOAI, B OCBITNEHWX [NIMOMHHUX LIAapaXx BOAOWM  3AIACHIONTb
AHOKCWUIeHHWMIA  (JOTOCMHTE3, BMKOPUCTOBYKOUM BUCOKOTOKCUYHWMIA H,S 5K  aoHop
eNeKTPOHiB. 3aaTHICTb 6aKTepiii A0 hOoTOCUHTE3Y 06YMOB/IEHA HASIBHICTHO Y HUX MirMeHT-
MPOTETHOBMX KOMMEKCIB, IHTEMPOBaHMX Y LMTOMIa3MaTUYHy i BHYTPIiLIHbOMIA3MaTUYHI
membpaHn (Kondratieva, 1989). OCHOBHMMM MirMeHTaMu MyprypoBMX CipKOGaKTepiii €
H6akTepioxiopodinv i KapoTUHOIAM — MNPOAYKTU KOHAeHcauil 3aiuWKiB  i30MpeHy
(Kondratieva, 1988; Overmann, 1999). lNMypnyposi cipkobakTepii MiCTATb B OCHOBHOMY
HakTepioxnopoin a, y AeskMX 3 HUX HasBHUIA 6akTepioxnopodin b. Y kniTuHax 6aktepii
Haibifblle KapOTWMHOILIB CNIPUIOKCAHTMHOBOTO pPAdy, 30KpPema, ChipuiOKCaHTUHY,
nikoniHy Ta pogoniHy. JlikoniH, poAomniH, CNiPMAOKCAaHTWH, ChepoianH, OKEHOH HadarTb
KNiTMHaM 4YepBOHONO | TeMHO-4epBOHOro 3abapeneHHs (Kondratieva et al., 1989).
KapoTuHoign nypnypoBux CipkoGakTepili He fMwe MOrMHAOTL EHeprilo CBiTna Ta
nepefatdTb Ti uepe3 GakTepioxnopodinvu A0  peakUiHMX LEHTPIB i  CUCTEM
TPaHCMOPTYBaHHS €NEeKTPOHIB, ane i BUKOHYIOTb JOTONPOTEKTOPHY (hyHKLUito (Kovacs et
al., 2003). Bigomo, WO eHepreTWyHi, TPaAHCMOPTHI Mpouecn Ta KAITUHHWIA nogin €
Hainbinbl uyTamBuMKM A0 AiT Baxkux wmetanis (Ji and Silver, 1995). YTBOpeHHs
MypnypoBUMU CipKOOGaKTepiAMU NIrMEHTIB Ta TX CNeKTpasibHi XapaKTepUCTUKK 3a BNINBY
OHIB MeTasliB BUBYEHI HeAOCTaTHLO. JlOCNigKeHHS B3aeMOZIT MyprypoBUX CipKobaKTepili
3 BOKKMMW MeTalaMy BaXNMBe [ANS 3°ACYBaHHA 1X poni y npouecax BigHOBMEHHS
6ioLeHO3IB | MOX/MBOTO BUKOPWUCTaHHSA Ana  6iopemegiauii 3abpyfgHeHVX rigporeH
CynbgifoM i BOKKMMU MeTanaMm BOZOWM.

MeTolo poboTV 6yno AOCHIAMTV BMMB KaTiOHIB AESKMX [ABOBA/EHTHUX MeTaniB
(Hikento, kobanbTy, (lepymMy Ta UMHKY) Ha CMHTE3 MIrMEHTIB KNAiTUHaMy MNyprypoBUX
cipkobakTepili pogy Lamprocystis, BAAineHNX i3 36arayeHoi rigporeH cynbgigom Boaw
03epa FBopiBCbke.

MATEPIANV TA METOAV AOCIOXKEHD

O6’ekTamyt  AOCNIMKEHHA  O6ynn  POTONITOTPOMHI  NypnypoBi  cipkobakTepil
Lamprocystis sp. Ya-2003 (Kit and Gudz, 2007). LLTtam igeHTMdhikoBaHWIA 3a disionoro-
6ioxiMmiyHMMK BnactTusocTamm (Bergey’s Manual of Systematic Bacteriology, 1997).

BakTepil KynbTUBYBa/IM 3a aHaepoOHMX YMOB NPU OCBITNEHHI Yy Konbax, 06’eMom
500 mn, un npobipkax, 06’emomM 25 un 40 M, y cepegosuLli Bad Hins (pH ~ 7,5) BNpogosx
10 gi6 npn 25-28 °C (LGC Prochem: Certified reference materials, 2007; Overman and
Garcia-Pichel, 2007; Rodina, 1965). [insa cTBOpeHHs aHaepobHMX YMOB MPOGIPKN NOBHICTIO
3aMOBHIOBA/IM  CEPEJOBULLEM | 3aKpUMBaM TYMOBMMM  KOpKamu. OCBITNIEHHA Mpu
BMPOLLYBaHHI KynbTyp Oyno uinogobosum, 3abe3nedqyBanoch samnamMy PO3XKapPHOBaHHS,
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noTyXHicTio 60 BT. bakTepii ociTntoBaM namnamm (3 iHTeHcMBHICTIO 500—-700 /1K) Kpisb
YepBOHMIA iHTeptepeHLiRHNIA CBITNOMINBLTP, SKUIA NPOMYCKae CBITNO 3 [IOBXWHOK XBW/b
noHaf 800 HM. IHTEHCMBHICTb OCBITNIEHHS BUMIPHOBa/IN 3a AOMOMOrOH NtoKcoMeTpa HO-116.

[na BMBYEHHs BNAMBY WOHIB BaXXKUX MeTaniB Ha SKICHWIA Ta KinbKiCHUIA CKnag
(hOTOCUMHTE3YBANIbHUX MirMeHTIB KNiTMHU Lamprocystis sp. Ya-2003 BupoLllyBanv [o
CepeauHN  eKCMOHeHUiiHOT  hasu  pocTy, ocagpkyBann  (ueHTpudyra OC-6M)
LeHTpudyryeanHam npu 4025 g Bnpogosx 30 XB Ta iHKyOyBanu BNPOOBX 1 rogvHu 3
conamu metanis: NiCl,, CoCl,, FeCl, x 4 H,0, ZnCl, x 7 H,0, y KoHueHTpauisx: 0; 0,5;
1; 1,5; 2; 2,5; 3; 4 MM. KniTvHK ABidi BiAMUBa/IM PO3YMHOM HATPIli X0pUAY, OCALKYBaIMN
LeHTpUyryBaHHAM i BuciBanmn B npobipku (ryctunHa 3acisy — 0,15 r/n) (Moroz et al.,
2010). KynbTmyBanu Bnpogosx 10 4i6 y npobipkax, LOBEpXY 3an0OBHEHWX CEPEAOBULLEM,
BU3HaYanM 6iomacy TypOiaAMMETPUYHUM METOLOM, CNEKTPW NOTIMHAHHS | BMICT NirMeHTIB
Yy KAiTUHaX MypnypoBux CipkobakTepiii — cnekTpogoToMeTpuuHmum (Britton, 1985;
Musiyenko et al., 2001; Paperno et al., 1977).

Biomacy Bum3Havanu Ha thoToenekTpokonopumeTpi KPK-3 npu SOBXKMHI ONTUYHOIO
wnaxy | =3 mm. biomacy pospaxoByBasin 3a hOpMysoLo:

C=Eep x N =K,
Je: C — 6iomaca, r/n; E — eKCTUHKLiA Npu A = 660 HM; n — (hakTop po3BefeHHs, pasis; K —
Koe(iLieHT nepepaxyHky, piBHuii 0,17,

[ns ofepxaHHA eKCTPakTy MNirMeHTIB KNITUHM Tpudi BigMuBaIM Bif cepefoBuLLa
i30TOHIYHMM PO3YUMHOM HaTpili xnopugy, ueHtndyrysanu 30 xs. npu 4025 g. CynepHaTaHT
3/1BaNN, a OAepXKaHy NacTonogioHy 6ioMacy TOHKMM LLAPOM HAHOCW/IN Ha NMOBEPXHIO CKNa
i BuCywyBann 3a Temnepatypu 40 °C. BucyweHi KNiTUHW pyliHYBa/iM PO3TUPAHHAM 3
KBapuoBum nickom (Britton, 1985; Musiyenko et al., 2001; Paperno et al., 1977).
EKcTpakuito nirMeHTiB MPOBOAMAM CYMILLLLKO €TaHOMy Ta aueToHy B 06’€MHOMY
cnieBigHowWweHHi 1 : 1 pfgo noBHOro 3HebapBneHHs ocady. OpepXKaHi eKCTpaKTu
BWKOPUCTOBYBaNM [N peecTpauii cnekTpiB nornvHaHHa (Musiyenko et al., 2001).
Po3gineHHs cymilli NirMeHTIB Ha OKPeMi KOMMOHEHTW NPOBOAWAM 3a [JOMOMOroH
Xpomatorpagii Ha cunydonbHUX nnactuHkax («Sorbfil», Pocis) y BucxigHomy noTtoui
CUCTEMM PO3YMHHUKIB GEH3WH : aleToH : MeTpo/eiHuin edip : rekcaH B 06’€MHOMY
cniesigHowweHHi 10 : 10 : 3 : 10 (Britton, 1985; Musiyenko et al., 2001; Paperno et al.,
1977). CTaHAapTHUMM 3paskaMu O6ynn aCTakCaHTWH i3 NaHUMpa KPeBeTOK Ta B-KapoTvH 3
KniTWH rpmba Blakeslea trispora. KapoTuHoign entotoBany i3 cunikarento aueToHom abo
neTponenHum edipoM, 6GakTepioxnopogin — eTaHoONOM. laeHTUdiKalito NirMeHTiB
NpoBOAWN 3a 3ab6apBneHHAM, BennyHaMn Rf Ta OCHOBHMMMW MakcMMymamy NOrIMHaHHS
npu BigNoBifHI goBxuHi xBuni (Bergey’s Manual of Systematic Bacteriology, 1997;
Frigard, 1996; Oelze, 1985). CnekTpu nOrAMHAHHSA EKCTParoBaHMX MNirMeHTIB
(hOTOTPOhHMX CipKOBaKTepiil B1U3HaYanu y AianasoHi JOBXMH XBUAb Big 350 A0 800 HM 3
BUKOPUCTaHHAM cnekTpodoTomeTpa CP-46.

KoHLeHTpaLiT OCHOBHMX NirMeHTIB 6aKTepiii po3paxoByBanv 3a (hOpMy/IOHo:

C=D=+ExlI,
e C — KOHUeHTpauis nirmeHTy, r/n; D — onTM4YHa rycTvHa posuuHy; E — nutomwii
KoeiLieHT eKCTUHKLIT BifNOBIfHOro nirMeHTy (Eyp — 271,8 npu A = 474 HM, Egy, — 930,0
npu A = 770 M), 11 x (r x cm)™; | - ToBLLWMHA nornMHatoyoro wapy (0,3 cm), cm.

BwmicT nirmeHTiB 3 po3paxyHKy Ha 1 T Cyxoi Baru KiTMH obumucnoBany 3a
thopmy/oto:

A=CxVxK=+H,

e A — KifnbKiCTb NirMeHTy Ha 1 r cyxoi Baru KnituH (Mr/r); C — KOHUeHTpauis
NirMeHTy, r/n; V — 06’eM eKCTpaKTy, MA; H — HaBaxKKa KNiTUH, I; K — BigHOLLEHHS 06’ My
enoaTty o 06’eMy po3umHy, HaHeceHoro Ha xpomatorpamy (Musiyenko et al., 2001;
Paperno et al., 1977).

CratncTmuHy 06poOKy pesynbTaTiB MPOBOAWAM 3arafbHONPUAHATUMM MeToAamm 3
BMKOPUCTaHHAM nporpamu “Microsoft Excel 2003”. Ons OUiHKMA [OCTOBIPHOCTI pi3HML
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MK CTATUCTUYHWMW  XapaKTEpPUCTUKAMU  aNbTEPHATUBHUX  CYKYMHOCTEA  [aHuX
obpaxoByBasin KoedilieHT CTblOgeHTa, [LOCTOBIPHOK BBaXanacs PIHULS MNpyU  PiBHI
3HaummocTi p<0,05 (Lakyn, 1990).

PE3Y/NIbTATV TA IX OBIFrOBOPEHHSA

MirMeHTHWIA cknafg NypnypoBUX CIPKOBMX 0akTepii pogy Lamprocystis He €
oAHopigHuM. Big cknagy Ta chiBBifHOLLEHHS MIrMEHTIB 3a/1eXXKNTb 3abapBrieHHs GaKTepiil.
BoHO MOXKe 6yTU He TiflbK1 NyprypoBuM, ane nyprypoBo-(hioneToBmnM, X0BTUM abo 6ypo-
KopuuHeBUM. OCKifIbKM Ha 6iOCUMHTE3 MirMeHTIB MOXYTb BMAMBATM Pi3HI YMHHUKM,
30KpeMma, KMCeHb, CBITNI0 PI3HOMO CMEKTPY AOBXMWH XBW/b i IHTEHCUBHOCTI, KOMMOHEHTH
cepegoBuula (Kondratieva, 1989), My gocniamnu, Sk 3MiHIOETbCA AKICHUIA CKNaf Ta BMIiCT
nirmeHTiB y Lamprocystis sp. Ya-2003 3a BNMBY MOHIB AeAKMX ABOBAJIEHTHWUX MeTasliB.

XpomarorpagiuHe po3fineHHs KOMMOHEHTIB eKCTpakTiB KAiTUH Lamprocystis sp.
Ya-2003, BupouleHux y cepegoBuuli BaH Hina go 6iomacu 4,1-5,2 r/n, gano 3mory
BUSIBUTU MIrMEHTW, Ppi3Hi 3a 3abapBneHHsM Ta BenmumHowo Rf (Tabnuud). Ha
XpomaTorpamax mnepeBaann ACKpaBO-3e/ieHi, POXEBO-NypnypoBi, SACKPaBO-XOBTI Ta
nypnypoBi AinsHKW. TMOPIBHAHHA AaHUX NiTepaTypu 3 pesynbTaTamu aHanisy CrekTpiB
MOrNMHaHHS Ta XpomaTtorpadiyHoro po3nodinly A03BOMUAN IAEHTUDIKYBATM MirMEHTY
(Britton, 1985; Gudz et al., 2011; Kondratieva et al., 1989), HasBHi Yy KniTUHAX
Lamprocystis sp. Ya-2003. Y po3umHi eKkcTparoBaHuxX MirMeHTIB OCHOBHI MaKCUMyMW
nornnHaHHA cnoctepirann npu 400, 450, 550, 650, 750 HM. [ocnigkyBaHi 6akTtepii
MICTATb KapOTWMHOIAW CMipUIOKCaHTUHOBOIO PAfY, 30KpPeMa, CNipUIOKCAHTUH, NIKOMiH i
poJoniH, a Takox bakTepioxnopodin a.

®di3nKo-XiMiYHI BNacTMBOCTI NirMeHTiB Lamprocystis sp. Ya-2003

MirmeHT bakTtepioxnopodin a CnipunokcaHTVH NikoniH PoponiH
3abapBneHHs
fAckpaso-

Ha Xpoma- FcKpaBo-3eneHe Poxese >KosTe

- nypnypose
Torpami
Makcimyni 650, 750 550 400 450
NOrNINHAHHS, HM
Makcumymu
MOrIMHaHHSA . 4455, 486, 518, 414, 436,
MirMeHTIB 772'[(;0”&;23; va 550 (Britton, 1985; | 463 (Britton, (éi?ttsgzlgése)
Yy OpraHivyHux B Gudz et al., 2011) 1985) '
PO3YMHHMKAX, HM
3HaueHHs Rf 0,17+0,02 0,44+0,01 0,52+0,02 0,85+0,01

MpoBefeHO aHani3 CNekTpiB MOr/IMHAHHSA eKCTParoBaHWX MIrMeHTIB  KNIiTWH
Lamprocystis sp. Ya-2003 i BM3HaueHo X BMICT 3a BniuBy 0,5-4 MM coneii Hikento,
KobanbTy, epymy (I1) Ta LuHKYy.

CyTTeBMX 3MIH AKICHOTO CKnafy nirMeHTiB KNiTUH Lamprocystis sp. Ya-2003 3a
Bnamsy 0,5-4 MM Ni?*, Co®, Fe®*, Zn** He BusBneHo (puc. 1). 3a BNMBY iOHIB MeTais
CMoCTepiraBcs NMLLIE HE3HAYHWUIA 3CYB abCOPOLINHMX CNEKTPIB MOrNMHAHHA eKCTparoBaHuX
nirmenTis. 3a Bnamsy 1-4 MM Ni%*, 2-3 MM Fe?" Ta 3-4 MM Zn*" Ha KpuBMX CMeKTPiB
MOrNIMHAaHHA NIrMeHTIB criocTepirany nossy Nikis y Ainadui 500 HM, 1-2 MM Ni** Ta
0,5-3 MM Fe?" - nosBy nikiB y AinaHUi 600 HM, LIO BiAMOBIAAIOTH KAPOTWMHOIAAM, AKi
MOrNIMHAKOTL CBITNIO Y BUAUMINA Ta iH(paYepBOHIiA AinsHKax cnekTpa (3 MakcMMymamm
nornmHaHHsa 400-550 Hwm) (Britton, 1985; Gudz et al., 2011). MoXnu1Bo, BaxKi MeTan
BUK/IMKAIOTb He3HauHi 3MiHM KOHopmauii MOfMeKyn MirMeHTiB 3 NOAanbLIo  1X
MoZLMMiIKaLi€ero, WO Bif0OPaXKaeTLCA Y 3MiHI IX CMEKTPa/IbHUX XapaKTepUCTUK.
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EKCTUHKLis

[0BX1Ha XBUNI, HM

EKCTUHKLU s

[loBXnHa XBUAi, HM

EKCTUHKLUS

EKCTUHKL,is

[oBXnHa XBUNi, HM

Puc. 1. CnekTpun NorAnHaHHA nirmeHTiB Lamprocystis sp. Ya-2003
3a BM/MBY Pi3HNX KOHLEHTpaii Ni?* (A), Co*" (B), Fe** (B), Zn*" (I
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I3 3pocTaHHAM KOHLEHTpaLiT AOHIB Hikento, KobanbTy, thepymy (1) Ta LUMHKY nig yac
iHKyOYyBaHHA CroCcTepirany 3HWKeHHs BMICTY GakTepioxnopoiny a, nikoniHy, poaoniHy
Ta CMNipWUMOKCaHTUHY Y KNiTWHax GakTepiii (puc. 2). 3a BnanBy 4 MM IiOHIB Hikento

0,8 A
0,7 1
0,6 1

BMicCT nirmexTis,
MF/T cyXoi Baru Knitut
o
I
!

06 b
050 5
04 1
03 1

0,2 1

BwmicT nirmenTis
Mr/T Cyxoi Macu Knitu

0,14

NiCl;, MM

0O BakTepioxnopodin a
O Pogonin

@ NlikoniH
@ CnipnnoKcaHTUH

2,5 3 4

O bakTepioxnopodin a
O PogoniH

@ NlikoniH

@ CnipunoKcaHTUH

0,8 5 B
0,7 A {f
0,6
05
0.4
03
02

BwmicT nirmeHTiB
Mr/T cyxoi Macu Knituk

0,1

1 15 2

CoCl,, MM

BMicT nirmenTis,
Mr/T Cyxoi Mach KaiTut
o
(2]
|

1 15 2

FeCl, x 4 H,0, MM

1 15

ZnCl, x 7 H,0, MM

Puc. 2. Bnnme Ni** (A), Co*" (B), Fe?* (B), Zn?* () Ha BMicT
(hOoTOCMHTE3YyBa/IbHMX NIrMeHTIB 6akTepiin Lamprocystis sp. Ya-2003

25 3 4

O bakTepioxnopodin a
O PogoniH
@ NikoniH
@ CnipunoKcaHTUH

2,5 3 4

0O bakTepioxnopodin a
O Pogonin

@ JlikoniH

@ CnipuNoKcaHTUH

2,5 3 4
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KNiTUHX YTBOPOBaNM pofoniHy Ha 58,7 % MeHLUe, HiXXK Y KOHTPO/IbHOMY BapiaHTi, BMICT
CNipWUNOKCaHTUHY 3HWXKyBaBcs Ha 54,8 %. 3a BniuBy 3 MM WOHIB MeTany KiTWUHW
CUHTe3yBann GakTepioxnopodiny a Ha 62,3 % MeHLLe, a 3a BNAMBY 2,5 MM IA0HIB HiKento
KNiTUHW YTBOPIOBa/IM NiKOMIHY Ha 55,4 % MeHLe, HXK Y KOHTponi. MeHwy Ha 53,7 %
KiNbKiCTb, HiXX Y KOHTPO/ILHOMY BapiaHTi, PogoniHy KNiTUHW YTBOPIOBaAM 3a Brvey 3 MM
/iOHIB KoBanbTy, 6akTepioxnopoginy a, NikoniHy Ta CRipuUIOKCaHTUHY — 3a BNAUBY 4 MM
OHIB MeTany, BMICT MirMEHTIB 3HVKYBaBCA BiAMOBIAHO Ha 68,9; 73,4 Ta 75,8; %. CyTTeBe
3HUKEHHSA BMICTY pofoniHy Ta cnipuiokcaHTUHY (BignosigHo Ha 55,1 i 64,2 %)
cnoctepirany 3a snausy 3 MM coni depymy (11), noHas 4 MM — GakTepioxnopoginy a (Ha
45,3 %), 2,5 MM - nikoniHy (Ha 55,9 %). 3a BniuBy 2,5 MM 0HIB LMHKY Mig 4ac
iHKyGyBaHHA B K/IiTWMHax  CMOBIMbHIOBABCS  CMHTE3  NIKOMiHY, POJOMiHYy Ta
CNIpPWUMOKCAHTUHY, BHACNIAOK YOO CMOCTEPIrasin 3HWKEHHS BMICTY MirMeHTIB BignoBigHO
Ha 52,2; 52,7 i 56,2 % nOpiBHAHO 3 KOHTPONeM, 3a BNAMBY 4 MM iOHIB MeTany BMICT
6akTepioxnopodiny a y KniTMHax GaKTepili BUSBUBCS HWKYUM, HiDXX Yy KOHTPONbHOMY
BapiaHTi, Ha 52,0 %. TakuM YMHOM, BUSBNEHO HEraTUBHWIA BNMB MOHIB HiKeN0, KObanbTy,
thepymy (I1) Ta UMHKY 3a KOHUeHTpauiii 2,5-4 MM Ha CvHTE3 NirmMeHTiB (KapoTuHOIgIB —
CNipWUMOKCaHTUHY,  NiKoniHy, pogoniHy, Ta 6akTepioxnopodiny a) KiiTMHamu
(hoTOCKHTE3YyBa/IbHMX MYPMYPOBUX CiPKOBMX 6akTepiii Lamprocystis sp. Ya-2003.

CnekTpanbHi BNacTMBOCTI NIrMEHTIB Y KNITWHI BU3HAYalOTbCA B3aEMOMIED 1X
MONEKyn MiX co60t0, a TakoX 3 finigamu i 6inkamy OTOCUHTE3yBaNbHUX MemOpaH
xpomatodiopis (Kondratieva, 1989). IMoBipHO, 6akTepii poay Lamprocystis akymy/oTb
OHW MeTaniB, HarpPOMaPKYHUM iX K Y MOBEPXHEBUX CTPYKTYpPaXx, TaK i BCepeauHi KNiTUH.
HasBHICTb MeTaniB y UMTONMasMi € NPUYMHOKD X 3B’A3yBaHHSA 3 (DYHKLiOHAbHUMMU
rpynamu 6aratb0X BaXXIMBUX KNITUHHMUX MeTaboniTie, MoaudikaLii akTMBHOT KOHopMaL, it
Ta AeHaTypauii hepMeHTIB | HYKNETHOBMX KWUCMOT, iHridyBaHHS pennikauii AHK, cuHTesy
PHK, 6inka, MirMeHTiB, MPUrHIYEHHS [AMXaHHs, MOPYLUEHHA NpOLeEciB asoTdikcauii,
toTtocuHTesy Towo (Nies, 1999; Tashirev, 1995). MpurHiyeHHs MoHamy ABOBaNEHTHUX
MeTaniB YTBOPEHHA NIrMeHTIB POTOCUMHTE3YBa/IbHUMU NYPNYypPOBUMMK CiPKOBAKTEPIAMMN €
3HAYHOK MEPELLUKOAO ANs 3AIACHEHHS HWMMW MPUPOAHOIO OYWLLEHHS OCBITNIEHUX 30H
TEXHOTEHHNX BOAOMM BiJ BWCOKOTOKCUYHOIO TigporeH cynbigy Yy npoueci ioro
BMKOPWCTaHHS AK [OHOpa eNeKTPOHIB aHOKCUTEHHOI0 (JOTOCKHTESY.

BVICHOBKW/
MokaszaHo, Wo KiTuHK Lamprocystis sp. Ya-2003, BupoLLleHi y cepefosuili BaH Hing,
MICTATb  KapOTWHOIAKW, 30KpeMa, CrMipWIOKCAHTWH, NiKOMIH |  PpoAoniH, a TakoX

6akTepioxnopodin a. 3a snavey 0,5-4 MM coneli Hikento, kobanbTy, hepymy (Il) Ta LMHKY
AKICHUIA CKNaf, NirMeHTiB KNiTMH Lamprocystis sp. Ya-2003 cyTTeBO He 3MIHIOETLCA. 3a BM/MBY
1-4 MM Ni?*, 2-3 MM Fe?* Ta 3-4 MM Zn** Ha KpuBmMx abCOPBLLIAHINX CMEKTPIB NOTNHAHHSA
eKCTParoBaHuX NirMeHTIB 3’ABMAIOTLCA MikW Y AinaHUi 500 HM, 1-2 MM Ni** Ta 0,5-3 MM
Fe*" -y ainaHLi 600 HM. VloHu Hikento, KobanbTy, thepymy (I1) Ta LiHKY 3a KOHLEHTpaLLili 2,5—
4 MM HeraTUBHO BM/IMBatOTb HA YTBOPEHHS MIFMEHTIB KNITUHaMK AOCAIMKYyBaHMX GaKTepil,
BMICT AKMX MOPIBHAHO 3 KOHTPO/IEM JOCTOBIPHO (p<0,05) 3MeHLLyeTbCA. OYeBUAHO, 3a BIINBY
OHIB BaXKKMX MeTaliB, SIKIi 3yMOB/IIOKOTb 3MiHU SKICHOTO Ta KifbKICHOrO CKnagy MirMeHTIB
(hOTONITOTPOYHUX MYPMYPOBMX CiPKOBAKTEpiiA, MOXYTb 3HWKYBATUCA (HOTOMPOTEKTOPHI
BNaCTVBOCTI KApOTMHOIZIB, a TaKOX MeTab0oMivHa aKTUBHICTb BaKTepiii, 30kpema, 34aTHICTb [0
[ETOKCVKaLii  rigporeH cynbify Yy 3a0pyAHEHVMX BXKUMKM MeTanamnm  MPUPOAHKX,
TEXHOTEHHUX BOAOMMaXx Ta NPOMUCIIOBMX CTOKAX.
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REVISITING THE NATURAL-RESERVED FUND OF LUGANSK REGION

Abstract. It was considered the impact of the active destructive processes on objects of natural-
reserved fund in a difficult situation in the southeast of Lugansk region. The analysis of the
biogeocoenosis damage degree in this area was carried out.

In connection with the difficult situation in the east of Ukraine the destructive anthropogenic
processes damage has increased significantly. The natural-reserved fund of Lugansk region was
endangered. In this situation damage assessment to forest vegetations, whose origin in this territory is
largely artificial, and not disposed to natural regeneration in these growing conditions, is of particular
value (Travleev A. P., Travleev L. P., 1988; Travleev A. P., 2004).

Due to sharp decline of forest vegetation on the planet, industrial pollution of air, soil and water
resources, implication of forests, as a stabilizing factor in the natural environment, is growing.
Solving such tasks as rational use of natural resources, ensuring the ecological balance of the
biosphere and creating favorable living environment depends largely on correct forest exploitation
and protection.

Pyrogenic processes are the determining factor affecting formation and change of forest
biocenosis. Biogeocenosis changes often occur under the influence of the pyrogenic factor and the
proportion of its influence rises sharply in the conflict zone. Uncontrolled pyrogenic environmental
impact causes serious damage to ecosystems, reducing the qualitative and species composition of
forest reserves and it’s ecological functions, resulting in significant economic losses.

For acquisition of information about the area and the extent of biogeocoenosis damage on the
selected sites we have chosen the visual estimation method (visual inspection without detailed
assessment), because obtaining more accurate information is difficult for the moment, due to the
related risks of the current situation. We consider damaged biogeocoenoses as well as the cause and
nature of the damage and the damage degree. We define the causes of damage as the disturbances
resulting from anthropogenic, predominantly military actions. We also define the degree of damage as
the percentage-based share of the destroyed plant community on areas of study.

The territory of Severodonetsk and Stanichno-Lugansk forest husbandry and hunting farms has
been considered as the subjects. We have investigated forestry as a whole, as well as particular areas,
to which it was possible to access.

The Novozvanovskiy and Badger Draw landscape reserves and also Pecan Grove Closed Wood
are the objects of natural-reserved fund, which we have studied as a whole. Likewise we partly
investigated Derkul Ichthyological Reserve, Sharov Kut Landscape Reserve and Peschanoie Natural
Landmark.
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In the investigated protected objects some areas completely destroyed by pyrogenic processes
and the landscape transformed into the so-called “moon” landscape as a result of shellbursts. The
greatest degree of damage as a result of the investigation, we had found in the Pecan Grove Forest
Reserve with a total area of 351.7 hectares. Landscape of Severodonetsk forest husbandry, which is
attached to the combat zone average hit a third. This is related to the duration of the ongoing fighting
in the territories clashes. In Stanichno Luhansk forest husbandry and hunting farms economy, nearly
destroyed some areas Derkul ichthyological reserve and landscape reserve Sharov Kut. In the studied
areas of natural protected sites extent of the damage resulting from visual inspection of 100 %

As a result of military operation in the Lugansk region, in a relatively short period from mid-
2014 to the beginning of 2015, only according to our research, it has been destroyed 260.4 hectares of
nature-reserved fund of the region, which in turn indicates a very intense pace of destruction. With
due consideration of the complexity of growing woodlands in this area and “"moon" landscape
formation, their future restoration is extremely difficult.

At the moment, talk about the overall biogeocoenosis damage assessment in the area of the
anti-terrorist operation is still early and extremely difficult, by reasons of military operation is not
completed and secure access to these objects is not provided. But preliminary data suggest the critical
rate of destruction of natural-reserved fund, and attracting more attention and resources to this issue
even now is imperative.

Keywords: destructive, pyrogenic processes, forestry, biogeocoenosis damage, natural-
reserved fund.
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A0 MNTAHHA NMPO CTAH NPUPOAHO-3AMOBIAHOIO ®OHAY
NYTAHCbKOI OBNACTI

AHoTauis. IMiporeHHi npouecyn € NPoBigHMM (hakTOpPOM, L0 BNMBaE Ha hOPMYBaHHS Ta 3MiHy
nicoBux GioreoueHo3iB. 3MiHK 6GioreoLeHO3iB YacTo BifOyBatOTLCA Mif Ai€H0 NipOreHHOro (akTopa i
yacTKa /iOro BM/MBY Pi3KO 3pOCTaE B 30HI KOH(AiKTYy. HEeKOHTpPO/MbOBaHi MipOreHHi BNAvWBU Ha
HaBKO/IMLLHE CepefioBYLLEe 3aBAAIOTb CEPAO3HOT LLKOAW SK CAMIM eKOCUCTEMAM, 3HUDKYHOUM AKICHUI i
MOPOAHWIA CKNag NicoBOro (oHAy i MOro €eKonoriYHUX (QYHKUiA, Tak i CNPUYMHAKTL 3HauYHi
€KOHOMIiYHi HacnifKW.Y CTaTTi po3rfaHyTO BNAWB aKTMBHUX [ECTPYKTUBHUX MPOLIECIB Ha 06'€KTU
NPUPOAHO-3aMoBigHOro (HoHAY B YMOBAax CKMafHOI cWTyauii Ha niBaeHHOMY cxogi JlyraHcbKoi
o6nacti. lMpoBegeHO aHani3 CTyMeHs MOLWKOMXKEHHS /iCOBMX 6ioreoueHo3iB Ha Uil TepuTopil,
GINbLLICTb 3 AKUX € LUTYYHUMU 3a CBOIM MOXOMDKEHHSAM Ta, IK NPaBWIIO, He 30aTHUMM [0 NPUPOLHOTO
BiZJHOB/IEHHS.

KntoyoBi cnosa: AeCTPYKTVBHI, NiporeHHi npouecu, NpUpoAHO-3anoBigHWiA POoHA.
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K'BOMPOCY O COCTOAHNN NMPNPOAHO-3AMNOBEAHOIO ®OHOA
NYTAHCKOW OBJIACTH

AHHOTauus. TMporeHHble MPOLECCHl SBNSIOTCS BeAyLMM (hakTOpoM, BAWSIIOWMM Ha
(hOpPMUPOBaHME U WM3MEHEHME NIECHBIX GUOreoLeH030B. CMeHbI GUOreoLEHO30B YacTO NPOUCXOAST
nof, AelicTBYEM MUPOTeHHOTo (HakTopa W [N ero BAKUSIHWS PE3KO BO3PAcTaeT B 30HE KOHG/MKTA.
HeKOHTpoMpyemble MMPOreHHbIe BO3AEHCTBIS HA OKPYXXAIOLLYH Cpedy HAaHOCST CepbesHblii yiep6
KaK CamMUM 3KOCWUCTEMaM, CHUXas KauyecTBEHHbIi W MOPOAHbLIA COCTaB NECHOTO (OHAa U ero
3KOMOTMYECKMX (DYHKLMIA, TaK 1 BEKYT 3a CO6OI 3HauMTe/bHble SKOHOMUYECKUE NOCNEeACTBUS. B
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CTaTbe PacCMOTPEHO BUSHWE aKTUBHbIX [AECTPYKTMBHBLIX MPOLECCOB HA O6BLEKTbI MPUPOLHO-
3anoBegHoOro (hoHAa B YCMOBUAX CAOXKHOW CUTyauuyM Ha HOro-BOCTOKe JlyraHckoi o6nacTu.
MpoBeaeH aHanM3 CTEMeHU NOBPEXAEHWS BMOreoLEHO30B Ha 3TON TEeppUTOpUM, GOMbLLUMHCTBO M3
KOTOPbIX SBASKOTCA WCKYCCTBEHHBLIMMW MO CBOEMY MPOUCXOXAEHUIO W, Kak MpaBusio, He CNOCOGHbI K
€CTeCTBEHHOMY BO30GHOB/IEHUIO.

KntoueBble cnoBa: eCTPYKTUBHbIE, MMPOreHHble NPOLLECChI, MPUPOAHO-3aNnoBeaHbIN OHA.

BBEOEHVE

B cBA3M CO CNOXHOIM cUTyaumeli Ha BOCTOKe YKpauHbl Yliepb OT AeCTPYKTUBHbBIX
AHTPOMOrEeHHbIX MPOLECCOB 3HAYMTENBHO BO3pOC. Mo YAapoM OKasancs MpupofHO-
3anoBegHbll  hoHA JlyraHckoil o6nactv. B 3Toli  cuTyaumm 0cCoGYl  LIEHHOCTb
MPeACTaBNAeT  OLEHKa HAHeCeHHOro ywepba WMEHHO JleCHbIM  HACaKAEHWAM,
MPOVCXOXAEHNE KOTOPbIX Ha AaHHOW TeppuTOpuM B 6OMbLUEl CTeneHn sBAsSeTCA
WCKYCCTBEHHbIM, W HE PacrofioKeHHbIM K eCTeCTBEHHOMY BO30OHOB/IEHUIO B 3TUX
ycnosusx npounspactaHus (Travleev A. P., Travleev L. P., 1988; Travleev A. P., 2004).

MATEPWA/bI U METOAbl NCCNEAOBAHWN

[N nonyyeHns faHHbIX O N/OLAAN U CTeneHW MOBPeXAeHWs BL1OreoLieHO30B Ha
BbIGPaHHbIX Y4acTKax Hamy Gbl1 MCMOMb30BaH METO[ BU3Ya/lbHOM OLEHKM (BMU3yanbHOrO
ocMoTpa 6e3 [eTanbHON OLEHKM), MOCKO/bKY B [JaHHOE BPEMs MoJlydeHue 60/ee TOUHON
MH(OpPMaLIMK 3aTPYAHUTENBHO, B CBA3W C COMPSKEHHLIMU PUCKAMMW M3-3a CMOXMBLLIEICS
cuTyaumn. Mbl yunTbiBaeM GUOTeoLiEHO3bl, MOAYUMBLLVE MOBPEXAEHUS, MPUUUHBI U
XapakTep MOBPEeX/EHWIA, a TaKKe CTeneHb noBpexaeHus. Mog npuuvHaMy NoBPeXAeHNS
Mbl MOHMMAEM HapyLLUeHWs, TO/yYeHHble B pe3y/bTaTeé aHTPOMOreHHbIX [erCTBuiA
NPeMMYLLIECTBEHHO BOEHHOr0 XapakTepa. [of CTeneHbl MOBPEXAEeHUS Mbl MOHUMAeM
MPOLIEHTHOE  OTHOLLEHWE [0/ YHWUUTOXEHHOrO  PacTWUTENbHOrO  COO6LIeCTBA  Ha
UCCMeflyeMbIX YUacTKax.

PE3YJIbTATbI N X OBCYXXAEHVE

B KkauyecTBe uccneflyemblx OOBLEKTOB  OblM paccMOTpeHbl Tepputopun CeBepo-
JOHeukoro u CTaHWYHO-JTyraHCKOrO /NeCOOXOTHUYbMX XO39iACTB. Hamu 6binn umccne-
[0BaHbI Kak NIECHNYECTBa B LIe/IOM, TaK 1 OTAE/bHbIE MX Y4acTKU, K KOTOPbIM 6bln AOCTYT.

K o6bekTam NpupoAHO-3anoBegHoro (GoHAa, KOTopble GbIIM HaMu MCCNefoBaHbl B
LiesIoM, OTHOCATCSA NaHAwadTHble 3aKas3HWKM «HOBO3BAaHOBCKUIA», «BapCyuybsi 6aikay» W
NecHON 3akasHUK «OpexoBasi powa». Takke 4YaCTUYHO Hamu OblIM  MCCiefoBaHb!
WXTUONOTNYECKUIA 3aKa3HUK «[epKyNnbCKniA», NnaHAWagTHbIA 3aKas3HUK «LLlapoB KyT» u
3anoBsefHoe ypounLle «lMNecyaHoe».

Hanbonbluas CTeneHb NOBPEXAEHWS, B pesy/bTaTe MPOBELEHHOro WCCNefoBaHus,
Hamy Oblla OBHapy)keHa B NIECHOM 3aKasHuKe «OpexoBas polla» C 06Leid NAoLIaAbHo
351,7 ra. B aToM 3anoBefHOM OObeKTe HEKOTOPblE YYaCTKM MOSIHOCTLIO YHUUTOXEHbI
MMPOreHHbIMU MpoLeccamu, a NaHaLwagT, B pesy/bTaTe paspbiBa CHapsag0B, Npeobpasunncs
B TaK Ha3blBaeMbIli «/lyHHbI». YuyacTKn CeBepOofOHELIKOr0 /1eCOOXOTHUULETO XO3AICTBA,
KOTOpble MpWieraan K 30He 00eBbIX [EVCTBMWIA, B CpefHEM MOCTpajanv Ha TpeTb. 370
CBS13aHO C A/INTENbHOCTLI0 BEAYLLMXCA Ha 3TUX TEPPUTOPUSX BOEBBLIX CTOMIKHOBEHWIA.

B CTaHN4HO-JTyraHCKOM IECOOXOTHWUYLEM XO3ANCTBE MPAKTUYECKN YHUUTOXKEHHBIMM
OKasza/MCb  HeKoTopble y4yacTKM  [epKynbCKOro  MXTWMOMOTMYECKOro  3aKasHMKa U
NaHAWwahTHOro 3akasHuka «LLllapoB KyT». Ha mnccnefoBaHHbIX y4acTKax 3TUX NPUPOAHO-
3anoBefHbIX OOBLEKTOB CTEMEHb MOBPEXAEHMSA, MOMyYeHHas B pe3ynbTaTe BM3yanbHOro
0CMOTpa, cocTaenseT 100 % (Tabn. 1).
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Tabnmua 1

MoBpexaeHHble 06bEKTbI MPUPOAHO-3aroBEAHOr0 hoHAa
CTaHNYHO-J1yraHCKOro IECO0XOTHUYBLETO X035CTBA

HassaHue ObLwan Mnowagb CreneHb

NOBPEXAEHHOro 06beKTa nnowasp, ra NnoBpeXaeHns, ra nospexaeHus, %
VIXTONOTMYECKMIA 3aKa3HNK
MECTHOro 3Ha4yeHus 90 41 100
«[lepKYNbCKMNiA»
NaHpwadTHbIV 3aKa3HUK
MECTHOr0 3HayeHus «LLlapos 732 2 100
KyT»
3anoBefiHOe ypounLe 98 726 50
«[ecyaHoe»

MXTuonormuecknin - 3akasHuMK  «[lepKynbCKuit»  MpeAcTaBnsieT Ccoboil  NecHble

HacaxaeHus B pycne p. [epKyn, ¢ vUcCneAoBaHHOW mowaapto nospexaeHus 4,1 ra. B
NaHAWahTHOM 3aKasHMKe «LllapoB KyT», Ha TeppuTOpuKM KOTOPOro npeobnagatoT
KOpeHHble fy60Bble, 1y60BO-BA30BbIE U MPOV3BOAHbIE NBOBbIE, OCOKOPEBbLIE U OCWHOBLIE
neca, 06L1as nnoLaab NOBPeXAeHNUs cocTaBuia 2 ra. 3anosefHoe ypouuile «lecyaHoe»,
MpesCcTaB/sIoWLee LeHHOe BbICOKOMPOLYKTMBHOE HACaX[EeHWe COCHbl OObIKHOBEHHOW B
Bo3pacTe 80 fieT Ha MasloNPOAYKTUBHBIX CynecyaHbIX NoYBaxX BTOPOI GOpPOBOIA Teppachl p.
Ceepckuii doHeu, (Arapov et al., 2013), okaszanocb noBpexaeHo Ha 50 % ¢ nnoLllaabo
nospexaeHusa 72,6 ra. Bo Bcex MnepeymcrieHHbIX Cy4vasx MOBPEXAEHNA NOyYeHbl B
pesy/nbTaTe MNUPOreHHOro npouecca, BO3HWKLLETO BCAEACTBUME MPOBeAeHUs 60eBbIX
[eVCTBUIA Ha 3TUX TEPPUTOPUSAX.

B CeBepofoHeLIKOM /1eCOOXOTHUUYLEM XO03AMCTBE MOBPEXAEHWUSM MOABEPI/IUCH
NaHAWwagTHbIe 3aKa3HMKW MECTHOTFO 3HayeHus1 «HOBO3BAHOBCKMIN», «bapcyubst 6anka» u
NecHOM 3aka3HMK «OpexoBas poLa». CTeneHb MOBPEXAEHUS KXKAOTr0 U3 NepPeYnCeHHbIX
006bekTOB cocTaBnseT 30 % oT ux Tepputopum (Tabn. 2).

Tabnuua 2
MoBpexaeHHble 06beKTbI MPUPOAHO-3aM0BeAHOro PoHLa
CeBepofoHELIKOr0 /IECO0XOTHUYLENO X03ANCTBa
HassaHue nospexxaeHHOro O6wwas nnowaap, Mnowagp CreneHb

06beKTa

ra

NoBpeXAEHNA, ra

nospexzaeHns, %

NaHpwadTHLIV 3aKa3HUK

MECTHOr0 3HaYeHust 209,8 209,8 35
«HOB0O3BaHOBCKWiN»

NaHpwadTHLIV 3aKa3HUK

MECTHOr0 3Ha4YeHus 134,67 134,67 30
«bapcyybs banika»

J1ecHoW 3aKa3HWK MeCTHOrro 3517 3517 30

3HayeHua «OpexoBas poLLay»

HoB03BaHOBCKMIA NaHALWAQTHBIN 3aKa3HWUK, SBNSIOLLMIACS acCcoLMaLINen ECHOM, NyroBoi

N CTEMHOW pacTUTENBHOCTK, C 06LLEA nnowaapto 209,8 ra, 6bin NoBpeXxaeH Ha 35 % OT ero
obLleli TeppuTopuK. 3Ta NPUPOLHO-3aM0oBefHas TeppuTOpUs MO CTeneHU MOBPEeXAEHUs
OKasaniacb Hanbonee nocTpaaasLueli B CeBepOAOHELIKOM NIECOOXOTHUYLEM XO3SIACTBE.

B naHgwadTHOM 3akasHuKe «bapcyybsi Ganka»,  NpeAcTasnsiolias u3 cebs
GaipayHble fleca U y4yacTKM pasHOTPaBHO-TMMYaKOBO-KOBbIbHOW cTenu (Arapov et al.,
2013), creneHb noBpexaeHus 30 % Ha obweit nnowaan 134,67 ra. MoBpexaeHus
HaHeceHbl NoXapamu, BO3HUKLLMMM B pe3y/ibTaTe 60eBbIX JeCTBUIA, a TakkKe BCIeACTBUE
B3PbIBOB OblIM CIOMaHbI fepeBbs, 06pa30BanNC, BOPOHKM OT paspbIBOB.
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JlecHomy 3aKasHuKy «OpexoBasi polla», KOTOpbIA NpeAcTaBneH accoLumauueit
NECHOM, NYroBO M CTENHON PacTUTENbHOCTW, HAHECEHbl MOBPEXAEHUS B COOTHOLUEHWN
30 % oT 06l NoLLaAM 3aKa3HKKa, KoTopas cocTasnseT 351,7 ra.

BbIBOAbI

B pesynbTate 60eBbIX AeicTBMiA B JlyraHCKoi 06/1acT 3a [OBOSIbHO KOPOTKWiA
nepuog ¢ cepeguHbl 2014 fo Havana 2015 rofa, TONbKO MO HALIUM UCCNef0BaHMAM, Obl10
YHUUTOXeHO 260,4 ra npupogHo-3anoBeAHOro oHpa 06/1acT, YTO B CBOK O4epesb
roBOPUT 06 OYeHb WHTEHCUBHBLIX TeMMaxX WX YHUUTOXeHus. C Y4YeTOM CNOXHOCTU
Mpom3pacTaHnst NECHbIX MAacCMBOB Ha 3TON TEPPUTOPUM U 0OPa30BaHWSt «TYHHOrO»
NaHpwagTa ganbHeliLLee X BOCCTAHOB/IEHUE SIBMIIETCA KpaiiHe 3aTPyAHUTENbHLIM.

Ha pJaHHbIA MOMEHT TrOBOPUTL O TMOMHOW OUeHKe Yuepba NOBpeXaeHui
6uoreoueHo3am B 30He npoBegeHnss ATO ele paHO WM KpaliHe 3aTpyAHUTENbHO, MOKa
MOTHOCTbIO He MpeKpalleHbl 60eBble AENCTBMS U He obecnedeH 6Ge3onacHblii  A0CTYynN K
3TMM 06bekTaM. Ho npegsapuTe/ibHble faHHble TOBOPAT O KPUTWMYECKMX Temmnax
YHUUTOXEHMA MPUPOAHO-3aroBeAHOr0 (PoHAa M Y)XKe ceilyac HeobXoAuMo MpUB/EKaTh
60/bLLe BHUMaHUSA 1 PECYPCOB K 3TO npobnemartyike.
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ated name of organization), post, town, country, contact phone number and e-mail are given in
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0O YBAI' ABTOPIB !

Mpw odhopmneHHi cTaTTi 0 HaACUNaHHSA B pefaKLito MPOCUMO JOTPUMYBATUCA TaKuX Npasun:

1. Hagicnatv Ha agpecy pefaKLUiiiHOT Konerii ABa po34pyKOBaHWX eK3eMMNApK CTaTTi, Ha enekT-
POHHY afpecy — efleKTPOHHY BEPCito.

CratTa Mae OyTu peTenbHO MepeBipeHa, MignvcaHa BCiMa aBTopaMm i CynpoBOAKYBaTUCA MUCh-
MOBOI peKOMeHAaLieto, NiANUCaHOI0 JOKTOPOM HayK BifinoBifHOro Npogisto Ta eKCnepTHUM BUCHOB-
KOM MPO MOXNMBICTb BiAKPUTOI Ny6niKaLii nogaHoi cTaTTi.

O6car ctatTi — He Ginblue 10 CTOPIHOK MaluMHoNUCy (OfHa CTOPiHKA y hopmarTi XXypHany Mic-
TUTb A0 4500 3HaKiB, BKIOUAOUM MPOMYCKM).

O6car intocTpauiii | Tabnmus He NoBMHEH nepeuLLyBaTy 30 % 06CAry CTaTTi.

2. Yci TekCTOBI MaTepiain po3apyKysaTu yepes 1,5 iHTepBasia, 3a/MLLAKOUM 3 KOXKHOMO Kpato
CTOpiHKM BigcTynM 2 cM, wpudT — Times New Roman 12 nyHkTiB, ab3auHuii Bigctyn — 0,8 cwm.
Mpw Habopi CcTaTTi HEOOXIAHO PO3PI3HATU fedic | TUpe, a TaKoX 3aCTOCOBYBATU MOMIrpadiyHi «AnmH-
Ku». MiX iHiLianamm Ta npissuLLem 0608’°3K0BO 3aMLLATL NPONYCK. TeKCTOBI MaTepiany nigroTysatu
B pegakTopi MS Word 2003, 2007 sik gokymeHT Word (*.doc). MateMatuyHi (hopmMynu i piBHAHHSA ro-
TyiiTe B pegakTopi piBHaHb Microsoft Equation, a ximiuHi — y pegakTopi I1SIS Draw.

3. BukopuctoByiite 0guHMLI Mi>HapoOAHOT CUCTEMMW BUMIpPHOBaHb.

4. CTpyKTypa CTaTTi:

iHaekc YKy BepXHbOMY NiBOMY KyTi CTOPIHKM;
iHiLianmM Ta npisBMwa ycix aBTopiB (6a>kaHO He Gifblue 4 0cO6M), i3 3a3HAUYEHHSM BUYEHOTO
CTYMeHs Ta 3BaHHS KOXXHOIO aBTopa;

NnoBHa Ha3Ba i agpeca opraHisauii, y fKiii BUKOHYBanMCsA AOCAIMKEHHSA, MOAATU YKPATHCbKOLO,
POCIIACbKOKO Ta aHrMiNCLKOI MOBaMK, a TaKoX yKasaTu e-mail, TeneoH ans onepaTMBHOMO 3B’S13Ky 3
aBTOpOM;

Ha3Ba CTaTTi YKPaiHCbKOH, POCICLKOI Ta aHrMiiCbKOK MOBaMU, SIKa MOBWHHA KOPOTKO iH-
thopmyBaTy NPO 1T 3MICT i MICTUTK He GinbLle 13 cniB;

aHoTauif: po3wWwmpeHa — aHrniicbkor MoBoto (600-700 cniB), MOBUHHA MICTUTK iH(OpMaLLit0
Mpo MeTy, METOAWKY, Pe3y/bTaTh, HayKOBY HOBW3HY, MPakKTUYHY 3HAYMMICTb, K/IHOUOBI CfOBa
(6-8 cniB); CKOPOYEHi — YKPaTHCbKOKD Ta POCIACLKOI0 MOBaMK, B KX KOPOTKO ONWCYHOTL pe3ynbTatu
rofI0BHI BUCHOBKYW NMPOBELEHNX [OCNIDKEHb, KHOYOBI cioBa (68 cniB.);

OCHOBHWIA TEKCT CTaTTi MOBMHEH MICTUTY Taki po3ginu: Betyn; MaTtepiann Ta meTogwm gocnia-
XeHb; Pe3ynbTaTy Ta iX 06roBopeHHs; BUCHOBKU; CNCOK BUKOPUCTAHOI NiTepaTypu.
Tabmvui NoBMHHI ByTW NPOHYMepOBaHi BIiAMOBIAHO A0 3MICTy cTaTTi. [at Ha3By A0 KOXHOI
Tabnuui. CTaTMCTMYHA Ta iHWa AeTanisalis HaBoaaTbCS Mig Tabnumueto. TabnnyHi matepianv nigroTy-
BaTW y TabnnyHomy pegaktopi Word 2003, 2007.

PUCYHKV HYMepYIOTb Y NOPALKY iX 06roBOpeHHs B TEKCTi. YHU3Y pUCYHKa yKa3aTu Aoro Hassy.
PycyHKM [0 CTaTTi MOBMHHI MaTW OKPeMy KOMito B eNeKTPOHHOMY Burisgi. [diarpamu Ta rpadiku cnig
BMKOHYBaTW y nakeTax Excel, Statistica, cxemm —y nakeTi Visio Ta 36epiratv 'y jopmarax Lpyx nporpam
okpemumu thaiinamm (Hanpuknag, petrov_risl). Havikpawymm gns ckaHoBaHUX 306paxkeHb € opmaTy
thainnis TIFF, JPEG, EMF. Yci enemeHTU TeKCTY Y 306paxkeHHsX (rpadikax, giarpamax, cxemax), KL
Lile MOXJIMBO, NOBUHHI MaTu rapHiTypy Times New Roman a6o Times New Roman Cyr (B oKpemmx
Bunagkax Courier). KoxxHe 306paxkeHHs 36epiraite B OKpeMOMY 06’€KTi. 300padKeHHs Nicns CkaHyBaH-
Hsl PY PO3APYKYBaHHI MOBUHHO GYTU YiTKMM, He FipLUMM 3a YiTKICTb OCHOBHOIO TEKCTY.

NoAsKM Npu Heo6XiAHOCTI NOAAOTLCA HAMPUKIHLi CTaTTi Nepef CNMCKOM BMKOPUCTaHOI i-
Tepatypu;
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CMVCOK BMKOPUCTaHOI fiTepaTypu. MocunaHHs Ha niTepaTypHi [kepena cnif NofasaTh B Ha-
NIBKPYI X AyXKax i3 3a3Ha4eHHAM Mpi3ByLLa LIMTOBAHOMo aBTopa (abo HasBW [kepena, AKLLO0 aBTopiB
6iNbLL HiX TPU) Ta POKY BUAAHHA. Y CMINCKY BUKOPUCTAHKX [KEPeN KOXHE YKpaiHOMOBHE UM POCiiich-
KOMOBHE /[Kepeno Cnif nogasaTtyi TpaHciTepaLieto aHriicbKMm niTepamu i3 3a3HaueHHAM y KBagpaT-
HUX Qy>XXKax Mepeknady aHrniicbKol MOBOH), a TaKOX Y HaniBKPYrMX Ay>KKaxX — OpUriHaabHy MoBY
[kepena;

KVM 3 Y/ieHiB pefakLiiHOT Konerii peKOMeHA0BaHO CTaTTHO A0 ny6nikaui.

5. Okpemo MoAaroThbCs BiAOMOCTI NPO aBTOPIB B €EKTPOHHOMY BUIIAAi, SKi MiCTATb iH(hopma-
Lit0 Npo npi3suLLe, iM’st Ta MO 6aTbKOBI MOBHICTHO, HAYKOBWIA CTYMiHb, BUYEHE 3BaHHS, MicLie poboTu
(noBHa Ta cKopoYeHa Ha3Ba opraHisauir), mocaja, MiCTo, KpaiHa, KOHTaKTHI TeflethoHN Ta eNeKTpoHHa
MOLLITa) YKPATHCLKOHO, POCIFCbKOIO Ta aHrNiNCLKOK MOBaMU.

6. Mpy NoBepHeHHI CTaTTi Ha LOONpaLloBaHHs aBTOP 3000B’A3aHWIA ypaxyBaTyl BCi 3ayBaXKEHHS
pefakTopa i HagicnaTty B1NpaB/eHi Ta NepeapyKoBaHi MaTepiain Ha agpecy pefakuiiHol Konerii B yKa-
3aHWin TepmiH. CTaTTi, NOBEPHYTI Nicas AOONpaLoBaHHS Mi3HilWe HiXK Yepe3 3 MicALi, po3rnsaaroTbes
AK HOBI HaAXOMKEHHS.

MopaHi mMaTepiann He noeepTatoThes. PefakLis 36epirae 3a CO600 NPaBo BUMPAaB/IATU Ta CKOPO-
UyBaTU TEKCT, @ TaKOX NMOBEPTATU PYKOMNWC Ha [OOMPaLIoBaHHA Y pasi HeloTPUMaHHSA HaBedeHWX BULLe
npasu.

BianoBiganbHicTb 3a 3MiCT NoJaHWX MaTepianis HeCyTb aBTOPY.
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