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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

&7 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. boroBuun II-p C.-X. HayK, mpod.

Hayuonanenouii nayuneiii yenmp « Mucmumym semnedenus HAAH»,
yia. Mawunocmpoumeneii, 2-6, Yabanwl, Kuesckas obn., Ykpauna, 08162,
men.: + 38044-526-71-26, e-mail: zemledel@mail.ru

BKNAOQ HALMOHAJIbHOIO HAYYHOI'O LIEHTPA
«MHCTUTYT 3EMNEOENUA HAAH» B PA3BUTUE
9KONOro-sMoNnorM4eCKUX n AreOTEXHUYECKUX OCHOB
JIYroBoACTBA B YKPAUHE

AnHoTanms. B cratbe KpaTKo M3JI0KEHa HCTOPYSI CTAHOBJICHHsI HaloHaIbHOro HayYHOro LIeHTpa
«MuctutyT 3emnenenus HAAH» HarponaneHON akageMuu arpapHbIX HayK Ykpausbsl. Hauapmmii cBoe
cymectBoBanne B 1900 r. ¢ arpoxumuueckoil maboparopuy, oH yxe K 1935 r. mpeBpartmwics B
MHOTONPO(IIBHOE BIMATEIBHOS B OOIACTH 3EMIJICICINS HAyYHO-MCCIIENOBATENBCKOE YUPEHKICHHE B
VYxpaune. C obpasoBanueM B 1944 1. B HeM OT/eNna KOPMOIPOM3BOCTBA, TOTOM JyTOBOJACTBA U HBIHE
KOPMOIIPOM3BO/ICTBA U JIyTOBOJICTBA OH MHOTO CJIENIa) M B 9TOH OTPACII 3HAHHIA.

Ilox MeTogUMUECKUM PyKOBOACTBOM M HEIIOCPEACTBCHHOM y4acTUM MHCTUTYTa B 1957-1961 rr.
OJTHOBPEMEHHO CO CIUIONIHBIM 00CIIeIOBAaHHEM OUYBEHHOTO ITOKPOBa YKPaWHBI, OBUIO OCYIIECTBICHO
KpyIHOMacIiTabHOe re000TaHNYECKOE U KYJIbTyPTEXHHYECKOE 00CIIeI0BAaHNE IPUPOIHBIX KOPMOBBIX
YTOJMH ¥ JUIS BCEX XO3SIMCTB PECIyOINKH COCTABIICHBI THIIBI JIyTOB U KapTOrpaMMBbl MX YIIy4IICHUS,
KOTOpBbIE CBITpanu OOJBLIYI0 pPONb B IUIAHUPOBAHMU M pealu3aldd paboT IO MOBBIIEHUIO HX
MPUPOAHO-PECYPCHOTO MOTEHIHANA.

B mHCTHTYTE MCCIEROBAaHBI MPUPOAHAS CYIIHOCTh PA3INYHBIX THIIOB JIyTOB, TEOPETHUECKUE H
MpaKTHYECKHE MPoOIeMBbl X (IOPHI, SKOJIOTUH, Teorpadun, Kiaccuukanuy 1 pa3padoTaH IMUPOKUAN
KOMIUIEKC TEXHOJOTMUYECKUX NPUEMOB ITOBHINIEHHS MX JKOJOTr0-OMOJOTMYECKOH, XO3SIHCTBEHHON U
MIPUPOJOOXPAHHON IIEHHOCTH.

JInist pa3HBIX THUIIOB JIYTOB M 30H YKpawWHbI NOXOOPAHEI JIydIIie BUABI TPAB U UX TPABOCMECH,
pa3paboTaHbl CHCTEMbl YIOOpPEHHs, OPOLICHMS, UCHOJIb30BAHHUSA B JIyTOBOJCTBE OMOJIOTMYECKOrO
a3oTa, IPUHIUIBL  yJIy4lIeHHs  COQJIAHCHMPOBAHHOCTUH  TEPPUTOPUAIBHO-(YHKINOHAIBHON
OpraHu3allil arpapHeIX JaHAMA(TOB IyTeM YBEIMYEHHS B MX COCTaBe CTAOWIU3HPYIONIIMX
3JIEMEHTOB Ha 0a3e CO3[aHHs 30HAIBHBIX JKOJIOro-OMOJOTHYECKUX CHCTEM C  BBICOKOM
CaMOBOCCTaHOBHUTEIILHON CIIOCOOHOCTEIO.

3HaynTeNFHOEC  BHHMAaHHE  YACJICHO W3Y4YCHHIO  OWOpa3sHOOOpaswst MOpPUPONHBIX U
AQHTPOINIOTEHHBIX JKOCHCTEM M pacIlUpeHa MeTOAWYecKas 0a3a HX U3ydeHHs C MIHPOKHUM
UCIIOIB30BAaHNEM (U3MOTHOMHUYECKUX, (DIOPUCTUKO-WHIVBHANYATUCTUIECKAX U (YHKIHOHAIBHO-
IPYHIIOBBIX METONOB OLIGHOK OHOMOP(OJIOrNYecKHX, PUTMUYECKHX, IKOJOTHYECKHX U JAPYTHX
CBOMCTB OMOTHYECKHX KOMILIEKCOB, pa3paboTke S((GEKTUBHBIX IyTeid COalIaHCUPOBAHHOTO HX
ucnosnb30BaHusa U oxpaHbl. IlokasaHo ywactue pa3paboTunKoB B MeXIyHapOAHBIX KOHTpeccax U
CHMIIO3MyMax MO JIyTOBOJCTBY, COCTOSIBIIMXCS B CTPAHAX JATBHETO 3apyOexKbsl.

Knroueevie cnoea: 1y20800cmeo, HNpupooHvie U AHMPONO2EHHble  JIy20nacmoulyHsle
aKocucmemyl, buopasnoobpasue, nPoOYKMueHOCMb, QYHKYUOHATLHO-SPYNNOBbIE MEMOObl U3YYEeHUS,
OKpyICcaowas cpeoa.
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BHECOK HALUIOHAJIbHOIO HAYKOBOI'O LLEHTPY
«IHCTUTYT 3EMIIEPOBCTBA HAAH» Y PO3BUTOK
EKONOro-s10noriYyHnuX TA ArPOTEXHIYHUX OCHOB
NYKIBHULITBA B YKPAIHI

AHOTaMif. Y CTaTTi KOPOTKO MOJaHa icTOpisi cTaHOBIECHHS HalioHaNbHOTO HAYKOBOTO IIEHTPY
«IucturyT 3emnepobectBa HAAH». Bkazano, mo 3amovaTkyBaBHmIM cBO€ icHyBaHHS y 1900 p. 3
arpoximignoi  jabopatopii ~ KwuiBcekoro — ToBapmcrtBa  CilbCBKOTO — Trocmojapcrsa it
CLIBCBKOTOCIIONApCHKOT IIPOMMCIIOBOCTI, BiH Bke 10 1935 p. meperBopuBcs B GaratonpogiibHy
BIUIMBOBY 3 Ipo0yieM 3eMiiepoOCTBa HayKOBO-IOCIIIHY YCTaHOBY, IIMPOKO BH3HAHY B YKpaiHi,
Coro3i Ta 3a ix MexaMu. 3 yTBOpPEHHsM B HbOMY B 1944 p. Bigminy KOpMOBHPOOHHITBA, MOTIM
JyKIBHUITBA 1 HUHI KOPMOBHPOOHHMIITBA 1 JIyKiBHUIITBA IHCTUTYT 6arato 3poOHB iy wiif ranys3i 3HaHb.

ITin MeTomuuHMM KepiBHHUITBOM i 3a Oe3mocepenHboi ydvacti inctutyty B 1957-1961 pp.
OITHOYACHO 3 OOCTE)KEHHSM I'PYHTOBOTO IIOKPUBY B YKpaiHi 3[IiCHEHO CyLijbHE BEIHMKOMAcIITaOHE
reo0OTaHIvHE Ta KYJIbTypTEXHIYHE 00CTEKEHHSI CIHOKICHO-TTACOBUIIIHUX YT11b, CTOCOBHO J0 KOXKHOTO
TOCIIOJIapCTBA CKIIAACHO ITaHK THIIB Ta KapTOTrpaMH IX IIOJIMIIEHHS, SIKi IINPOKO OyiIM BUKOpPHCTaHI
IpU IDIaHyBaHHI Ta peaii3amii poOiT 3 MigBHINEHHS e(QEeKTHBHOCTI BUKOPUCTaHHS 3EMEIbHUX
pecypciB kpaiHu, OOHITYBaHHS IPYHTIB.

B iHCTHTYTI mOCHiPKeHA MPUPOIHA CYTHICTh PI3HHUX THIIB JIYK Ta PO3pO0JIEHO TEOpPETHUHI if
npakTuuHi npobiemu ix ¢iopu, ekonorii, reorpadii, kmacudikauii, CTPyKTypH Ta IIHPOKHUI
KOMIIJICKC TEXHOJIOTIYHUX 3aXOJiB MiABUIIEHHS iXHBOI €KOJIOro-0i0JOoriyHOi, TOCHOAAPCHKOI Ta
TIPUPOAOOXOPOHHOT IIIHHOCTI.

Bemika poboTa mpoBesieHa 3 po3pOOKH arpOTEXHIKH BUPOIIYBAaHHS KOPMOBUX KyJBTYP, CHCTEM iX
YIOOpEHHS, 3pOIICHHS, BUKOPHCTAHHS B JYKIBHHITBI Oi0JIOTIYHOrO a30Ty, NPUHIMINB ONTHUMI3allii
TIPOCTOPOBO-(PYHKIIIOHAIBHOI OpraHi3alii arpoaHamadTiB i CIOCOOIB BIATBOPEHHS B 1X CKJIAJIi HOCTIIHIX
TpaB’STHACTHX EKOCUCTEM SIK CTaOLII3yFOUMX eJIEMEHTIB IPUPOIHO-aHTPOITIOTCHHNX KOMIUIEKCIB.

Kniouosi cnoea: nykienuymeo, npupoowi i aHmMponoeHHi JYKONACOBUWHI eKOCUCTEeMU,
biopizHoManimmsi, npOOYKMUGHICMb, PYHKYIOHATLHO-2PYNOBI MEMOOU 00CTIONCEHb, OOGKILIA.

Hamionaneuuit HaykoBuit meHTp «lHCTHTYT 3emiepobctBa HAAH» HamionamsHOT
akazieMii arpapHUX HayK YKpaiHW, OYaBIIM CBO€ icHyBaHHA y 1900 p. 3 arpoximiuHoi
nmabopatopii KuiBcekoro ToBapucTBa CUIBCBKOTO TOCTIONAPCTBA Ta CLTBCHKOTOCTIOAAPCHKOT
npomucioBocti (Sayko, 2000), Bxe mo 1935 p., CKOHIEHTPYBABIIN y CBOEMY CKIAIi
cy3ip’s TtamanoButux yuenux (I'. I'. Maxos, O. 1. Hymeukin, I M. CamOyp,
H. b. Bepuauaep, M. M. I'omnin, O. M. Bummncekuii, [1. O. JIMurpeHko, misHime —
B. M. Jle6enes, O. C. CkopozymoB, B. O. Ilacrtymenko Ta iH.), NEpeTBOpUBCS B
GararonpodinbHy 1  BIUIMBOBY  HayKOBO-JIOCHIJHY YCTaHOBY pPECIHyOJIKaHCHKOTO
MacmTady, MXPOKO BU3HAHY B YKpaiHi, KosmmHsoMy Coro3i Ta 3a HOro Mexamu.

Iacruryt (3 1935 p. — Ykpaiacekuit HII comzeminepo6ctBa Hapkozemy VYkpainu, 3
1956 p. — Vkpaincekmit HJI 3emmepooectsa MCIT VPCP, 3 1992 p. — IactutyT
3emiiepoOcTBa YKpalHCBKOI akageMii arpapHux Hayk, a 3 2006 p. — HamionampHuit
HaykoBuil nenTp «luctutyT 3emnepobectBa HAAH» HarionansHoi akanemii arpapHAX HayK
Ykpainu), B TOH 9ac Maro4d B yCiX 30HaX YKpaiHM MIUPOKY MEpEeXy JOCITITHUX CTaHINH 3
BHUBYCHHS KOPIHHUX IMHTaHb 3eMJIEpOOCTBA I arpOHOMI{ BiH 3aCTy’KE€HO 3aiHAB JIiANPYIOUYe
MOJIOKEHHsT B KpaiHi 3 3a3HadeHuX mpoOiem, Oe33MiHHO 3[IMCHIOBAB KOOPAMHALIIO
JIOCIIIJPKeHb, OpaB aKkTHBHY y4yacTh 1 BaroMo BIUIMBaB Ha (pOpMyBaHHS 3eMJIEpPOOCHKOT
MIOJITUKY B arpoIpOMHCIOBOMY CEKTOP1 PeCIyOJIiKH.

OMHOYACHO IHCTUTYT y POJIi KEpiBHHKA ¥ OE3MOCEpEHHOT0 BUKOHABIS 3IHCHUB
BEINMKY I yHIKaIbHY 32 3HaYEHHSM CIIOYaTKy BHOIPKOBO Ha perioHatbHOMY piBHi (40—-50-Ti pp.
XX ct.), a mizHime (1956-1961 pp.) 371ilicHUB CyLiJbHE BEIMKOMACIITaOHE OOCTEKEHHS
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TPYHTOBOTO ITOKPUBY KpaiHM SK BaXKIUBOTO ii pECYpPCHOTO MOTEHIlialy Ta reo0O0TaHigyHe i
KyJIbTypTeXHIUHE 00CTE)XEHHS MPUPOTHUX CIHOKOCIB 1 MTACOBHII — HEBiJ €MHOI CKJIaZ0BOT
KOpPMOBOi 0a31 TBapUHHHUIITBA.

Pe3ynbpraTi BUKOHAHHS MEpIIOl Yeprd 3a3HaueHHUX poOIT OyiM MOKNIaAeHI B OCHOBY
npoekTyBaHHs [liBneHHOYKpalHChKOro Ta KpacHo3HaM’SIHCHKOTO MaricTpajibHHX KaHaJiB
30oHu 3pomieHHs KaxoBcbkoi I'EC ¥ po3poOku ipuramiiiHoi Mepexi Ta CHUCTEMH
3emiiepoOCTBa Ha 3pollyBaHUX 3ewisix [liBogua VYkpainm, a  1956-1961 pp. —
YIOCKOHAJIEHHsI palOHYBaHHS CUILCHKOTOCIIOIAPCHKOT0 BUPOOHUIITBA Ta PO3POOKH CHCTEM
3eMIIepo0OCTBa i KODMOBHUPOOHHIITBA B MEXKaX KOKHOT'O I'OCIIO/IapCTBA KPaiHH.

3HayHUl BHECOK HA PI3HMX €Talax OpraHi3alifHOTO CTAHOBIICHHS IHCTHTYTY W
PO3BHTKY B HbOMY HayKOBHX JOCIIKEHB 3p0o0IIH qupekropu: cnovatky I1. P. Ciapo3kin, a
motim I'. I. JKykoB (1928-1932 pp.), O. 1. Homsur (1932-1935 pp.), k. c.-T. HaykK
IT. I. I'myxoB (1935-1937 pp.), k. c.-T. Hayk M. T. Konoanos (1937-1941 i 1945-1956 pp.),
npod. I'. I'. Maxos (1942—-1944 pp.), n-p c.-T. Hayk, mpod. . I1. FOxumuyk (1956—-1968 pp.),
I-p c.-T. Hayk B. M. €BminoB (1968-1983 pp.), n-p c.-r. Hayk, mpod., akax. HAAH
B. ®. Caiiko (1983-2011 pp.) i 3 2011 p. ycminmHO OYOJIOE I-p C.-I. Hayk, mpod.,
ui.-kop. HAAH B. ®. Kamincbkuid.

3 yrBopeHHsM y 1944 p. B ycTaHOBi Bifnuly KOPMOBHPOOHHMITBA (TOTIM
JYKIBHUIITBA, a HUHI KOPMOBMPOOHHMIITBA 1 JYKIBHHITBA) Ta NPUXOJOM 3 XapKiBCHKOTO
IHCTUTYTY pOCIMHHMITBA Ha TIOCaay 3aBijyBada BXe JOCBIJUEHOTO CHeLialicTa
KaH/u/aaTa, Mi3Hille JOKTOpa CiIbcbKOTOCHOAapCchkuX Hayk, npodecopa M. B. Kykcina —
kommmHaboro acmipanTa JI. I'. Pamencekoro (B XapkoBi BiH 00iiiMaB mocamy 3aBimyBada
Bi[UIUTy KOPMOBHX pecypciB), B IHCTUTYTI OynH 3amovaTKkoOBaHi i OTPUMAaIM 3HAYHUI
PO3BHUTOK AOCIHIKEHHS 3 JYKIBHHUITBA SK BaXKJIMBOI Tally3i CIIBCHKOTO TOCIIOAAPCTBA.
Hesnos3si Bimmin Oymo mepeTBOPEHO B KOOPAMHAIMHMN ocepelnok B YKpaiHi 3 NHUTaHb
JYYHOTO ¥ TOJHOBOTO KOPMOBHpOOHHMITBA. B iHCTHTYTI Oyna CTBOpeHa mepiia HayKoBa
IIKOJIa JIyKIBHHKIB B KpaiHi, MPEACTABHUKU SKOI B IOJAJIBIIOMY IIOKJIAIM MOYaTOK
JOCTIDKCHHSAM 3 Ifi€l raiy3i 3HaHb y 0araThOX IHIIHUX HAYKOBO-IOCHTITHHX 1 HaBYAJILHUX
YCTaHOBAX PECyOIiKH.

3 1974 p. no 2003 p. 3a3HayeHMI HAYKOBHMM MiZPO3JIJI OYOIIOBAB aBTOP L€l CTAaTTi —
acripant M. B. Kykcina # ogHogacHo 1o J{HImponeTpoBChbKOMY HalliOHAIEHOMY YHIBEPCHUTETY
I 4Yac HaBYaHHS B HBOMY M IopjaibimioMy criBpoOiTHHITBY ydueHb O. JI. Benbrapma —
BUJIATHOTO OloreoneHosora Ta SICKpaBOrO TIPEICTaBHUKA IIMPOKO BHU3HAHOI MOTYTHBOI
HaykoBoi mkomu «J. 1. Menneneesa — B. B. Jlokywaea — I'. M. Bucomkoro —
0. JI. Benprapmax». 3 2003 p. 3aBigyBaHHS BiIAUIOM 3IIHCHIOE TOKTOP CLTBCHKOTOCTIONAPCHKUX
HayK, podecop B. I'. Kyprak (konwmHiii actipanT i jokTopasT A. B. Borosina).

3 camMOro moyaTKy iCHYBaHHS IiAPO3MUTY, BiINOBIZAalOYM Ha 3alUTH BUPOOHUIITBA
III0/I0 CTBOPEHHS MIITHO KOPMOBOI 6a31 B TOCIIOIAPCTBAX, BT pO3pOOHB HAYKOBi OCHOBU
3 Ay aKTyaJbHHUX MTUTaHb JOKOPIHHOTO 1 MOBEPXHEBOTO MOJIIILIEHHS MPUPOAHIX KOPMOBHX
yrizb 1 OOJIOTHUX 3eMelb, BUPOOYBaB Ha IUX YTiJJIAX IIHPOKUH HaOIp OHOPIUYHHUX KYJIBTYP
Ta 0araTopiyHMX BWJIB TpaB, PO3pOOHMB CHCTEMY IEPBHHHOTO IEPEAIIOCIBHOIO 0OpOOITKY
IPYHTY 1 arpoTexHiKy iX BHpollyBaHHA. bararo yBaru mpuiiauB po3poOli TEOPEeTUYHHX
NPUHIMIIB MOOYI0BY JIyYHHUX CiBO3MIH Ta YZOOPEHHIO B HUX KYJBTYP.

Li nocmimkenns, po3novari y 1950 p. ma KopocTeHCRKOMY AOCIITHOMY IO
IHcTHTYTY 3eMiepoOCTBa, 3r010M MOLUIMPHIIACS HA Pi3HI TN TPUPOJHUX KOPMOBHX yTilb
i Benmesa me Ha KWiBCBKilM mocmimHii craHMmii, B mociigHOMy rocmomgapcTsi «Komummisy»
[HCTHTYTY 3eMiepoOCTBa Ta KOJEKTHBHOMY CLUIBCHKOTOCIIONAPCHKOMY IiANPHEMCTBI
«Crtemanceke» CapHeHcpkoro paiiony PiBaencwkoi obmacti (M. B. Kykcin, M. JI. HoBuirs-
kuit, A. C. IlIkabapa, 3. B, Mopo3zoBa, JI. JI. KpanuBa, A. I'. banan, €. O. CkyaHoBa,
K. I. Caituyk, O. M. JI3BoHuk, I'. M. [lyounceka). [IpoBeneHi JOCTIHKEHHS MOKa3allH, 110
3alpOBAaJPKEHHS CISIHUX JIYK 4M ciBOa 10o0pe migidbpaHux oJHOPIYHHUX KYJIBTYp MOXe B 3—5 i
Oinble pa3iB IMIJBUIIMTH BPOXKAHHICTH MaJIONPOJYKTUBHUX JIyK. JloBeleHOo, W0 Ipu
rOCIIO/IapChKiil MOTpedi OAHOPIUHI KyJNbTYpHM Ha JIyKax JOLUIBHO BHCIBaTW JIMIIE Ha
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epo3iifHO Oe3MeYHUX POMIOYHMX IPYHTaX, NMEPEBAKHO B JIyYHHX CIBO3MIHAX 3 IOIHOBUM
nepiooMm Bix 2 1o 5 1 myuHuM — Big 2—3 1o 6 pokiB. [Ipuckopene 3amysxeHHs, ToOTO ciBOa
TpaB oApa3y X IO CBK0310paHiii 1 1o0pe po3polbieHiit nepHuHI, 3a0e3medye TakoX BUCOKY
ypOXKaWHICTh, TPOTE COOIBAPTICTh POCIMHHOI TPOAYKUIl TOPIBHIHO 3 JIYYHUMH
ciBo3MiHaMu y 4-5 pa3iB MeHIIIA Ta iICTOTHO 3MEHUIYIOTHCS] PU3UKH TPOSIBY €po3ii I'PyHTIB.

Cepieto  mocmifiB 3 A000py OaraTOpiYHHX TpPABOCYMIIICH sl  CIHOKICHOTO
Bukopucranus (M. B. Kykcin, M. JI. HoBumpkuit) Bxe y 1940-1952 pp., Ha BiaMmiHy Bin
JIOCUTH IIMPOKO PEKOMEHJOBAaHMX HA TOW 4ac CKJIAJHMX cymimied 3 8—19 Bunis, Oyna
JIOBeJicHa JIOLJIBHICTh 3aCTOCYBaHHS JUII KOPOTKOYaCHOTO BHKOPHCTaHHS IPOCTHX
TpaBocymMirreit 3 12 BuaiB 0000BHUX, 1—2 BHIIB HEMUTEHOKYIIOBHX i | BHIY KOPESHEBUIIIHIX
3makiB. Ha pomounx IpyHTax JOMyCKaeThes ciBOa mapHUX 00OOBO-3IIaKOBHX CYMIIIeH, a Ha
HE/IOCTaTHRO OCYIICHHX OOJOTaX — HaBiTH OJHOTO 37IaKy. byma moBemeHa HEOOOB’ SI3KOBICTH
BKJIFOUCHHS [0 CKJIaJy CIHOKICHHMX TpPaBOCYMIIIeli HU30BHX 3JakiB. 3poOjieHa OIiHKa Ha
JyKaxX pi3HUX BHUIIB TOOpWB Ta TOKa3aHa iX MO3UTHBHA POJIb B OTPUMaHi BHCOKHX BPOXKaiB
OJTHOPIYHMX KYJIBTYp Ta OaraTopiuHUX TPaB y CUCTEMI JIyUHHX CIBO3MIH 1 1032 HUMH.

OpHuM 13 0COONMBO BaKJIMBUX HANpsMiB poOOTH BinAiny Oyjino BUBYEHHS
THUIIOJIOTIYHOTO CKJIaMy MPUPOIHHUX KOpMOBHX yriab. M. B. Kykcinum i pobGotu Oyim
posmnovari me y 1932 p. B YkpaiHCbKOMY HayKOBO-AOCIIJIHOMY IHCTHTYTI NpPUKIaIHOL
OoTaHiky, Mi3HiMIE peopraHizoBaHoro B IHcTUTyT pocnmHHMITBA (M. XapkiB). Yke B Ti
poxku (1932-1934 pp.) npu mnpoBemeHi 3a 3aBmaHHAM HapkoM3eMy KOJIMIIIHBOTO
Pansachkoro Coro3y mnepmoro Typy poOit 3 iHBeHTapH3alil NPUPOJHUX KOPMOBHX YTiab
nepxaBu Bcecoro3HumM iHcTUTyTOM KOopMiB iM. B. P. Bimpamca i3 3amydeHHSIM
perioHaTFHIX HAYKOBO-AOCIITHUX Ta YI0OBUX 3aKJIAIiB, BIMOBIIHO 10 YMOB YKpaiHU Mix
kepiBaunTBoM M. B. Kykcina Bnepiie Oyna po3po0GiieHa ditoromnosoridyaa kiacudikais
JyK, AaHa IX IPUPOJHA Ta BUPOOHNYA XapaKTEPUCTHKA, 3p00JICHO pailoHyBaHHs, BU3HAYEH]
IUIOIII B AaAMIHICTpATHBHHX paloOHaX 1 HAaKpecieHI 3aXxOoW IIOAO0 TMOJNIIIICHHS Ta
palioHAJILHOrO BUKOPHUCTAHHS JIyK. 3Be/leHI mMarepiaiy 1o YKpaiHi yBIHILIA CKJIaJOBOIO
YaCTUHOIO B y3arajibHeHi maTepianu mo Coro3sy.

VY 1957-1958 pp. 1151 TUMIOJIOTISI TPUPOAHUX KOPMOBHX YTi/b OyJia yTOUHEHa 1 32 HElo
il METOMYHUM KEpiBHUITBOM Bifiny nykiBaunTea (M. B. Kykcin) y 1957-1961 pp., sk
YK€ 3raJyBajlocsl BHUIE, OJHOYACHO 3 OOCTEXEHHSM IPYHTOBOI'O MOKPHBY YKpaiHu Oyio
3MIIICHEHO CYIJIbHE BEIMKOMacIuTaOHe reo0OTaHiuyHE Ta KyJbTypTEXHIYHE OOCTEKEHHS
CIHOKICHO-TTaCOBHIIIHUX YTifb, CTOCOBHO KOXXHOTO TOCIIOApCTBA CKJIAZICHI IUIAaHW THIIIB
MPUPOTHAX KOPMOBHUX YTiZlb Ta KapTOrpaMu MIOAO iX MOJIMIIEHHS, SKi OyJIH IMIMPOKO
BUKOPHCTaHI AMPEKTUBHUMH 1 TOCTIOAAPCHKUMH OpPTaHaMH ITIPH TUTAaHYBaHHI Ta peajizamii
poOiT 3 minBUIIEHHS €QEKTHBHOCTI BHKOPHCTaHHA 3E€MEIBHHX pecypciB KpaiHu. Y
BUKOHAHHI 1€l poOOTHM Opajiu yd4acTb MNPALIBHUKH, SIKI MOTIM CTajdd HAYKOBHUMH
criBpoOiTHUKaMu 4u actipanTaMu Bianiry mykiBaunTsa (1. O. [Tanamapuyk, A. B. Borogin,
JI. M. Cumaitnosa, A. . SIkumenxo, 1. 0. Bamomkesuy).

Y HacTynmHi poKkd B J1aboparopii OynM TOMIMOJCHHI JOCTIIKCHHS 3 BHUBYCHHS
MPUPOIHUX OCOOJUBOCTEH JIyUHHUX YTib Ta 3 yIOCKOHAJIICHHS METOAMYHMX MIAXOIIB 1
NPUHIUIB iX Kiacudikarii. Ha miacTaBi BUKOPUCTaHHS METOMOJIOTIYHUX IPHHIUIIB
BUBYCHHS O0’€KTIB K CKIQJHUX CHCTEM, OYJIO TEOPETUYHO OOIPYHTOBAHO 1
3arpoIIOHOBAaHO €KOCHCTEMHE TIIYMaueHHS JYK 1 po3po0iIeHi HOBI MAX0AM 0 iX THITi3alii,
CYTHICTh SIKHX TIOJISITA€ B MONMITETHYHIN (KOMIUIEKCHIH) iHANKAIT eKOJIOTO-(PIOPUCTHIHIX
O3HaK POCIMHHOCTI 1 OCOONMMBOCTEW IPYHTIB JNyK SK LUTICHUX cucTeM. Po3poOieHa
kiacuikamis TygHHX ekocucteM, a st [lomices 1 miBHIUHOT wacTurU JlicocTemy YkpaiHu
imeHTu¢ikoBaHI IIIONI X OCHOBHHUX TpPYM, SKi JO3BOJISIIOTH IIOBHINIE BHU3HAYUTH
MTOTEHI[iI{HI MO>KJIMBOCTI CIHOKICHO-TTACOBHIIHUX YTiAb 1 AU(EpeHIiIoBaTH PEeKOMEHAAIli
BIAMOBIAHO 10 I1X tumojoriudoro ckiaay (A. B. bBoromin), pasom 3 IuctutyTOoMm
3emieycTporo YAAH Oyna yaocKkoHajIeHa METOAMKA Ta 3MIMCHEHO IS BCiX 30H YKpaiHu
OOHITYBaHHS I'DYHTIB IPUPOAHUX KOPMOBHX YTilb.
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Bingin Oarato yBarm TpHAUIAB 1 TpHOUILe po3poOlli TEXHOJOTii CTBOPEHHS 1
BUKOPHCTAHHS KyJIbTyPHHUX ITACOBUIL SIK BaXJIMBOI OCHOBH PEHTA0ENIbHOTO BEICHHS ramy3i
TBapUHHHUIITBA.

Po3po0Oka 11iei mpobiiemu B [HCTUTYTI, 30kpema Ha Ko3apoBHIIbKil qOCTIAHIN CTaHIII
JyKiBHHUIITBa, po3novaiacs e y 1929 p. M. C. JlaHuIeBCBKOIO 1 3 ISIKUMH NIepepBaMy Ha
i cranmii Bemacs g0 1940 p. OCHOBHMMHU NHTAaHHSIMH B TOW dYac OyJ0 BHUBYCHHS
e(peKTHBHOCTI 3ariHHOI CHUCTEMH BUITACaHHS IIACOBHI] Ta 3aXOIB JOIISAY 33 HHUMH.
JocnimkeHnsMu Oyio JOBEJICHO, IO 3aCTOCYBaHHS 3ariHHOTO BHUITACaHHS MOPIBHSHO 3
Oe3cucTeMHUM 30UIBITY€e MPOJYKTUBHICTh MacoBuil Ha 20-30, a MOBHOTY BMKOPUCTaHHS
TpaBoctoto — Ha 30 % 1 Oinbmie, oOpe 30epirae BUXIAHY €KOJIOTO-010JIOTIUHY CTPYKTYpPY
TPaBOCTOIO.

[Micns yTBOpeHHs BigAiny JyKIBHUITBA ITiJ] HAyKOBUM KepiBHUITBOM M. B. Kykcina
po0OTH 3 IMTaHB CTBOPEHHS M BUKOPHCTAHHS ITACOBHII BITHOBHIINCH Ha Lii cTaHIii B 1958 p.
(JI. JI. Kpanmsa, 1. O. Ilamamapuyk), a B 1959 p. i3 3mifiCHEHHSIM IIUPOKOi MPOTpaMu
JOCTIKeHb OyNu 3aKjaieHi BUPOOHHWYI KyJIbTYPHI ACOBHUINA B KOJHIITHBOMY JOCIITHOMY
rocrogapctBi «KommmiBy (cmoyarky Ha miomii 90, a motrim — 180 ra), siki HIBHIKO
MEepEeTBOPHITUCH Y TOJIITOH IX IIMPOKOI momyssipu3anii B Ykpaini. Y 1el nepioj neTainbHo
Oy BUBYEHI CIIOCOOM CTBOPEHHS KYJIBTYPHUX IACOBHI Ha PI3HUX TUIAX NPHUPOIHUX
KOPMOBHUX YTifib, Ii/ICIB BUCOKOBPOXXaWHHX TpaB Yy INPHUPOJHI Ta CTApOCisHI TPaBOCTOI,
CTPOKHM TIOYATKy BUITacaHHs MacoBuI micis ix 3amykenns (1. O. [Tanamapuyk), nacoBuIIHi
TpaBocyMminn (A. B. Borosin), 103u, CHiBBIJHOIIEHHS 1 CTPOKH BHECEHHS MiHEpaJbHUX
mobpuB Ta wMikpoenmemernTiB (A. B. bBorosiH, A. . Skumenko, B. M. Tirosa,
JI. ®. Xapurtonenko, T. O. JXpmanoBa). BcraHOBiICHO 3HAa4YCHHS MiATOAIBIL KOpIB Ta
PEMOHTHOTO MOJIOJHSKA BEJHKOi poraToi XyJoOM NpH yTpUMaHi IX Ha ITacOBHIIAX
(®. I. Ogeperpko). OgHOYACHO MTiJ KEPIBHUIITBOM BiJIiTy PO3pOOKa TEXHOIOTIYHIX OCHOB
CTBOPEHHS Ta BHKOPHUCTAHHS KyJNbTYPHHX [ACOBHII TPOBOAMIAcs 1 B IHIIKX
roCIo/IapcTBax — II0J0 J000py TpaBocyMilied i cucreMu ynoOpeHHst ix Ha KuiBcbkid
pocmigHid  cranuii  I[nctutyty 3emsepobctBa  (JI.  JI.  KpanmBa), aepxaBHOMY
cinbchKorocnonapebkomMy mianpuemctsi «llomicbke» MakapiBebkoro paitony KwuiBcbkoi
obmacti (O. M. Kienpkuit), momo crnoco0iB CTBOPCHHS CiSSHUX ITACOBWI Ha IIMAHUX
IPyHTaX — Yy KOJEKTHBHOMY CIJIbCHKOTOCIOAAPCHKOMY TOCIOAapcTBi  «I po3MHCHKE»
KOJHAIIHBOT  JKUTOMUPCHKOT JiepKaBHOI 00JAcCHOT CLTBCHKOTOCTIOAAPCHKOI  JTOCIITHOT
craramii ([. I1. Jlepuyk, M. ®@. JlaBuarok). Bece e 103BONMMIIO CTBOPUTH MilHY 0azy, sika
Majla BH3HAYaIbHMH BIUIMB HAa PO3BUTOK HAYKOBUX MJOCII/KEHb Ta CTAaH ITACOBUIIHOI
cnpaBu B Ykpaini. KymeTypHi macoBwia 3a MITPUMKHA ACp)KaBH OylIH CTBOpPEHI B
GaraTpOX rOCHOZAPCTBAX 1 3arayipHa iX miormma Bxe y 1978 p. cranoBmia 550 Tuc. ra.

Briepiie B YkpaiHi Biafin po3poOMB HayKOBI OCHOBH Ta TEXHOJIOTIKO CTBOPEHHS 1
BUKOPHCTAHHS 3POIIYBAHUX KyJIbTYPHHUX MACOBHII OYMIIEHHMHU IIPOMHUCIOBO-IO0YTOBUMHU
crivaumu Bosamu (O. 1. TTanamapuyk, M. B. Kykcin, A. B. Borosin, B. ®. MakcumeHko,
. K. Konucrepuncepkuii). Po3modaBiim AOCHIIHKEHHS OJHOYACHO 31 CTBOPCHHSIM B
panrocmi «bopTHuui» bBopucninecekoro paitony KwuiBchkoi o6nacti rocrnoapcbKoro
nacoBuma Ha wionti 500 ra anst yrpumanus 1000 xopis 1 300 roniB MononHsKa, BIiepIie B
konmumHboMy Coro3i i B CBiTI Oysio BiAIPaIbOBaHO 1 BIPOBAHKEHO Y BHPOOHHILITBO
CcHUCTeMy KOMOIHOBAaHOTO TO€THAHHS BEIHKUX 3aroHiB (mo 20-25 ra B oqHOMY MacuBi) i3
IIOZACHHUM TIOPLiHHIM BHUITACAHHSIM BHCOKOYAIHHUX KOpiB (4,5—5 THC. KT i OiIBIIIE MOJIOKA
Ha KOpOBY) BenuKuME ryptamMu — 500—-600 romiB y TypTi, CHCTEMY JOTIISAAY 3a AaCOBHUIIEM,
X 3polIeHHs W BHKOPUCTaHHS SIK JDKEpeia MAaCOBUIIHUX 1 3MMOBUX KopwiB. Ilin uac
XII Mi>kHapoTHOTO KOHTpecy 3 JyKiBHHITBA, sSKuil BigOyscs 11-20 uepHs 1974 p. B
Mocksi, HaiBimomimi BYEHi-TyKIBHHKH 3 TPOBITHUX MHACOBHIMHUX KpaiH — [ommanmii,
Bemukoi bpuranii, Hosoi 3enanpii, Himewunnu, CIIIA Ta iH. HaykoBy poOory i
PO3p0o0IICHy BUPOOHHYY MOJIEIb 3POIIYyBAHOTO MACOBHIIA BIHECIIH 10 HAMKPAIIHMX 3pa3KiB
CBITOBOT'O PiBHSL.
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[iznime (1982-1986 pp.) Ha 6a3i gocmigHOrO rocmomapcTBa «KommmiBy Barommit
BHECOK 3pO0OJICHO B yIOCKOHAJIECHHS CHCTEMH 3pOIIEHHS JyKOINACOBUIHUX YTilb YMCTUMU
BOJIaMH, pEXHUMIB 3pOIIEHHS Ta METOMIB BH3HAYCHHS CTPOKIB TONHMBY YTiAb 3a
meteonanumi (A. B. borosin, B. I'. Kyprak, B. I'. Onedip).

Bimmin  npoBiB  BaroMi  JIOCHI/DKEHHS 3 PO3POOKM  TEXHOJOTI  CTBOPEHHS
BHCOKOIPOJIYKTUBHHUX CISIHUX 0araTOyKiCHHX TpaBOCTOIB, ©(EKTUBHOTO BHKOPUCTAHHS B
JyKIBHULITBI TOTEHIialy OO00OBMX TpaB SIK JDKepena OIOJNIOriYHOro asory Ta YHMHHHKIB
TTiBUIIIEHHST OLIKOBOCTI F éHeproHacH4eHOCTi KOpMiB. Biytiny HanexuTs npioputer B YKpaiHi y
PO3pOO0II JIyYHHX KOHBEEPIB Ha OCHOBI PI3HOCTHIVIMX 3JIAKOBHX Ta 0OOOBO-371aKOBHX TPaBO- i
copTocyMimieil 3 mepiofoM Oe3MepepBHOrO HaIXOWKCHHSI BUCOKOSIKICHOI POCIMHHOI MacH Ha
ciHokocax BrpomoBxk 135, macoBmmax — 150-160, a y moemHaHHI 3 OJHOPIYHHMHU
XOJIOIOCTIMKUMHU KYJIbTypaMH PaHHBOBECHSIHOTO Ta IMi3HHOOCIHHBOTO CTPOKIB BUKOPHCTAHHS —
200-220 muiB (A. B. borogin, B. I'. Kyprak, B. M. Titosa, T. B. Konuakosa, A. M. JIeBKOBCBKHIA,
O. M. [Haeumok). Brnepmre B Coro3i po3po0ieHO MAcOBHIHMI KOHBeep Ha 0a3i e
OaraTopidHMX TpaB i3 3aTy4EHHSM PE3EPBHUX 3aroHIB 3 HUMH, SKHHA HE TUIBKK 3a0e3nedye
Oe3nepepBHE Ha/IXOHKEHHsI CBDKOI POCIMHHOI Mach i XynoOu Brpozosx 200220 nmHiB y
BereTaLiiHui Mepio, a i iCTOTHO MiJIBUIITY€E OBHOLIIHHICTh MTACOBHIIIHOTO KOpMY Ta Ha 17-25 %
TIOPIBHSIHO 3 ICHYIOUMMH MOJEISIMHM KOHBEEpIB 3MEHILYE BUTPATH MaTepialbHO-CHEPreTHYHHX
BUTpAT HA ¥oro cTBopeHHs i Bukopucrtanns (A. B. borosin, C. B. Qynnuk, P. M. Kymuk). J{ns
6000B0-311aKOBUX TPaBOCYMIIlICH BCTAHOBJICHO HAWKpAIIMi BUIOBHIA 1 COPTOBHIA CKi1asl 0000BIX
TpaB Ta X BIUIMB Ha HAKOIMYEHHs OlOJIOTIYHOTO a30Ty Ta piBHI KOMIIGHCAllli HUM a30Ty
MiHEpaTbHUX HOOpHB, BESBICHI Kpalli CHIOCOOM pPO3MIINICHHS Ta HOPMH BHCIBY HAaCiHHS
KOMITOHEHTIB y CISHMX IIEHO3aX, PSKMMH BUKOPUCTAHHS TPABOCTOIB. [II1 OCHOBHMX BHIB TPaB
YTOYHEHO EKOJIOTIYHI Ta (ITOLEHOTHYHI ONTUMYMH, CTYMiHb iX OIOJNOriYHOI CyMICHOCTI B
LIEHO3aX 3aJISKHO BiJ| THITIB JIyK, Pi3HUX PIBHIB YJI00pEHHS Ta IHTEHCUBHOCTI BUKOpUCTaHHs. Ha
Iif OCHOBI YJOCKOHAJICHO NPHHIMITK NOOOpy Ta BHAOBHHA CKJIaJ TPaBOCYMIIIeH i JaHO iX
paiionyBanHs 111 ymoB Ilomicest 1 Jlicocteny VYkpainu. 3’sicoBaHa IeHO30-(hopMaTHBHA Ta
rOCMoJIapChKa POk 30aradyeHHs POCTUX TPABOCYMIIIEH MPeCTABICHHSIM KOXKHOTO BHIy B HUX
HE OJIHUM, a TPbOMa COPTAaMH B IIJBUILIEHHI MPOMYKTHBHOCTI TPAaBOCTOIB Ta iX CTIMKOCTI 3a
poxamu (A. B. borogin, B. O. Camuk, M. B. Cykaiino).

HocnijpkeHa 1 3anmporioHOBaHa BHPOOHHUITBY CHCTEMa YJOOpeHHS 0araToyKiCHUX
cinokociB (A. B. borosin, B. I'. Kyprak, A. M. JleBkoBcekuii, B. 1. Jlemenko,
10. B. Jlemenko) i Buepire B YKpaiHi Ui pi3HUX 30H Ta TUIIIB YK po3po0IIeHi HOpMAaTHUBHI
KpUTEpil BHECEHHS MiHEpaTbHUX HOOPHB. Y CTaHOBIICHI MPUPOCTH YPOXKAWHOCTI, BU3HAUCHI
BUHOCH 1 KOC(QIIIEHTH BUKOPUCTAHHS TOXUBHUAX PEYOBHH i3 IPYHTY Ta MiHEpaTbHHUX
JIOOpHB, SIKI TO3BOJISIIOTH IMIJABUIINTH €()EKTUBHICTh 3aCTOCYBAHHS HA JIyKax MiHEpaJbHUX
JOOpWB MHUIAXOM OiNBII pAIliOHATBHOTO X BHUKOPHUCTAHHS 3a HPUPOAHO-KIIMATHIYHUMHU
perioHaMu, BCTAHOBIIIOBATH JI03H, 3A1HCHIOBATH PECYPCHE IPOTHO3YBAHHS MPOLYKTUBHOCTI
nykonacoBuiHUX yrigp (A. B. Borosin, B. I'. Kyprak). Po3poGneHo ¢yHkiioHanbHI
MoJienl iX e(eKTHBHOTrO 3aCTOCYBaHHS JUIS PI3HUX THIIB NPHUPOJHUX KOPMOBHX YTijib
(B.T. Kyprak, A. M. JIeBKOBCbKHIA).

Benukuit o0csr mocniUkeHb TPOBEICHO 3 MHUTaHb PO3POOKH TEXHOJIOTI MOJIIMIIICHHS
HU3WHHHX, 3aIUIaBHUX JIYK 3 NPUPOJHHUM TPaBOCTOEM, B TOMY 4YHMCII ¥ JOBrO3IMBHHX, SIK
MOTCHIIHHO HAHOUThII I[HHWX [UI1 OpraHi3amii Ha HHUX BHCOKOCG(ECKTUBHOTO IJIyYHOTO
KOPMOBHPOOHHUIITBA.

Po3po0ka 11010 HaMpsIMKY IOCTiIKeHb B [HCTHTYTI po3noyara me y 1924-1930 pp.
3. M. Kammanm, a B 1938-1940 pp. — 3. M. Kammanm Ta . 5. YymakoBUM Ha 3arIaBHAX
nykax Juinpa Ko3apoBuipkoi nociigHoi craHmii TykiBHALTBA. B Toif 4ac TyT BUBYAIH Jit0
MiHEepalbHUX JOOpUB, BIUIMB PAHHBOBECHSHOIO Ta Mi3HBOOCIHHBOTO CTPOKIB BHITACAHHS i
OOpOHYBaHHSI HAa MPOJYKTUBHICTb JYK.

Y 1960 p. A. B. borosinum y JICII «3anoBit JleHiHa» (KOMHMIIHIA KOJrocCH)
Bapumiiscekoro paviony KwuiBcbkoi oOmacti, a B 1983-1985 pp. A. B. boropinum i
B. II. Xomenkom B KCII «HwuBa» (komumHii komrocn — «30-piuust Ilepemorm»)
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Bop3asiHCEKOTO palioHy UepHIriBchkoi 001acTi MpOBEACHI MOCTIIKEHHS 3 TMTOBEPXHEBOTO
HOJIINIIEHHS HU3UHHHUX 3aCOJICHUX JIYKIB 3 COJJOBO-COJIOHYAaKyBaTHUMH IPYHTaMH, IpoLiecam
COJIOYTBOPEHHS 1 BTOPMHHOMY 3aCOJICHHIO SKHX CBOTO dYacy OaraTo yBaru NpHALIHB
BUJIATHUH 3HaBelb IPYHTIB YKpaiHM 1 TaJlaHOBUTHH HACTaBHUK HAayKOBOI MOJIOJI
I'. M. Cambyp (Oe3niocepenHiii yueHb Kopudes BiTIU3HIHOTO IpyHTO3HaBcTBa [ . I'. MaxoBa).
[TpakTryHo Briepiie Oyyia 3’sicOBaHa POJb PI3HUX 103 a30THHX, (OCHOPHMX 1 KamiHHUX
J00puB Ta iX moexHaHb Yy TpaHcOpMAalii BHAOBOI CTPYKTYpd Ta IIiJBHIICHHI
MPOJYKTUBHOCTI TPUPOAHUX IIEHO3IB JIy4yHO-rajo(inpHOro Komiuiekcy. Tyt sxe Oynm
BCTAaHOBJICHI i HAWKpaIl TpaBOCYMIIli JUIS [IbOTO THITY JYYHHUX YTilb.

[epuri rpyHTOBHI TOCTIIHKEHHS 3 TPOOJIEM TOIMIIICHHS MPUPOTHIX TOBTO3ATUBHIX
3aIDTaBHUAX TyK Oynu mpoBeneHi B 1967-1970 pp. B 3amraBi [decan B JICIT im. Kiposa
BpoBapcrkoro paiiony Kuicskoi obmacti (M. B. Kykcin, 1. O. [Tanamapuyk, A. B. Borosim,
O. O. JloBuukos, T. B. Konuyakora). Y HacTymHi poKr BOHH OyJIM MPOJOBKEHI CHOYATKY B
paarocmi «bopramui» (1972—-1977 pp.), a 3 1987 p. no 2003 p. — B JACII «/IHinpoBCchKE»
Bopucminbcekoro paiiony iiei oonacri, sike B 1977 p. 3a yyacTio Binauty OyJo BKIOYEHO
pa3oM 3 IHIIMMH HPUAHIIPOBCBKUMHU TOCHOIAPCTBAMH JO CKJIaQy MIXKIOCHOJapChKOTO
arporpoOMHCIIOBOTO MiJIPHEMCTBA 3 BHUPOOHHUITBA PI3HUX BUAIB KOPMIB Ha 3alljlaBHUX
nykax Jlminpa (M. B. Kykcin, A. B. Borosin, O. M. JI3souuk, 1. K. KonucrepuHchKuii,
C. B. Aynnuk, P. M. Kynuk).

TyT BcebiuHO BUBYEHI 103U, CTPOKH BHECEHHSI MiHEPAJIBHUX JOOPHB 32 CIHOKICHOTO i
MACOBHIIHOTO BHKOPHCTAHHS, BIUIMB iX, a TaKOXX 3pOIICHHS, BAallTHYBaHHS, ITiACIBY TpasB,
PSXHUMIB CKOIIYBAaHHS B CHUCTEMi CIHOKOCO3MIH UM 1032 HHUMH, OIOCTUMYIISTOPIB POCTY
POCJIHH Ta acOLIaTHBHHUX a30T(IKCYIOUMX MIKPOOPTaHi3MiB Ha BHIOBHU CKJIaJ IIEHO3IB Ta
MUHAMIKy OIOTeHHHX €JEeMEHTIB y TpPYHTI 1 PpOCIMHAX, EKOJOTIYHHHA CTaH IJyYHHX
exocucteM. [IpoBeneHi gocmimpkeHHs moa0 1000py TpaBocyMimel. B ymoBax TpuBamoro
3aTOIUICHHS BilIpalbOBaHa CHCTEMa CTBOPEHHS 1 BUKOPUCTaHHS KyJIbTYPHHX ITACOBHILL.

B ocranHi gecsaTHniTTS B 3B’S13KYy 3 pedopMyBaHHSM 3eMelIbHOTO (OHAY KpaiHu i
YCYHEHHSIM HaJMipHOI HOTO PO30pPaHOCTI, SIKa CHIILHO MOPYIINWIA CTPYKTYpPY HPOCTOPOBO-
(yHKIIOHATBHOT OpraHizalii arpapHUX TEPUTOPIN y HAPsSMi HEBUIIPABIAHOTO 301IbIICHHS
B HHUX JECTPYKTHBHUX CKJIQJIOBHX 1 CIIPUYMHMIA HEOYBAJIOIO IMOTIPHICHHS EKOJOTIYHOTO
cTaHy JaHAmagTIB i )KUTTEBOTO CEPEIOBUILA, B B [HCTUTYTY 3HaYHa yBara npuijieHa
(yHIaMEHTAIbHOMY BHBYEHHIO Ta po3poOui e(ekTHBHMX Croco0iB BiITBOPEHHS Ha
BIJIYYCHHUX 3 TPUBAJIOTO IHTCHCHBHOTO 0OPOOITKY y CiBO3MiHAX MaJONPOAYKTHBHUX OPHIX
3eMIISIX IIOCTIHHHMX CaMOpPETYJIOIOYHMX TpPaB’SHUCTUX EKOCHCTEM 1 X 30HaJbHO
00yMOBJIGHOTO TIPUPOIHOTO OIOPI3HOMAHITTS K HaHBaXKITUBIIIOT pecypcHoi 6a3u Oiocdepu
it hopmu icHyBaHHS Ha TUIaHeTi *®KUBOT Marepii. B pe3ynbTari BcTaHOBICHO (iTOreHeTH4HI
nporeck (OpMYBaHHS €KOJIOr0-0i0J0riYHOT CTPYKTYpH CIHOHTQHHO —BiJIHOBIFOBaHUX
[IEHO31B, X MPOXYKTHBHICT, AKICHI MOKAa3HWKHA POCIMHHOI NMPOAYKIii, a TaKOX BIUINB
PI3HUX arpOTEXHIYHHUX 3aXO0JIiB — CTAPTOBOTO MiJCIBAHHS CENICKIIIHHMUX 1 JUKOPOCIUX BHIIB
OararopiuHMX TpaB, YAOOpEHHS, PEKUMIB BHUKOPHCTaHHS Ha TIPHUCKOPEHHS TEMIIiB
MPOXOJPKEHHS! CHHTEHETHYHMX 3MIH W WIJBUIIEHHS I1XHBOI HPUPOJOOXOPOHHOI 1
rocronapchkoi minHocTi (A. B. Borosin, M.M. IItanmHik).

B pesynbrati BCTaHOBJIEHO, 110 CIIOHTAHHE BiATBOPEHHS HA TAKUX 3eMIISIX 30HAJIBHUX
SKOCHCTEM € CKIaJHUM Ta JOCHTh TPHBAJIMM JHHAMIYHHM y TPOCTOPi 1 Yaci equHUM
NPOLIECOM CHHIEeHe3Yy, L0 CKIAIAEThCS i3 cepii THMYAaCOBHX, HOCIIIOBHO 3MiHIOBaHHX 3a
JeTepMiHAHTHO-Xa0THYHHM THIIOM PO3BHUTKY TMHAMIKH CTaifl 3apOCTaHHS, KOXKHA 3 SIKHUX
XapaKTEePU3YEThCS CBOEPITHOIO BHIOBOIO, EKOJOTr0-0ioMOp(OIIOTIYHOI0, (DIOPHCTHUKO-
IHUBIAYaTICTUYHO Ta (ITOLEHOTHYHOK CTPYKTYPOIO POCIMHHHX YIPYHNOBaHb 1
0COOJMBUM CTaHOM 0i10pi3HOMAHITTS. Byp-sKa monepenHs CTaais € maroTOBYNM €TaroM i
TOJIOBHOIO DPECYpCHOI0 0a30l0 CTAaHOBJIEHHA HACTYIHOI, a TakCOHOMiuHe OaraTtcTBo
piBeHb (YHKI[IOHAJILHOT rapMOHI30BAHOCTI OI1OJIOTIYHOTO PI3HOMAHITTS — BHU3HAYAJIBHUM
MOKa3HUKOM II CTaHy Ta CHEPreTHYHOro MOTEHHiaNny IUHaMI3My 1 MeXaHi3MiB HOro
peanizanii. 3a Oro crnocoOy BiHOBJICHHS HaBITh Yy T'YMiJIHIH 30HI BiH TpuBa€ OIN3BKO
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17-20 pp. ITociB Ha TOYaTKOBOMY €TaIli BiTHOBICHHS ITPOCTHX 0000BO-3TAKOBUX UM HABITh
3JIaKOBUX CyMimeil yxe 3 1-2 poKiB JKHUTTS ICTOTHO IiABHIIY€E MPOXYyKTHBHICTH CHCTEM,
Maibke TMOBHICTIO YyCyBa€ B CHHTCHETHYHOMY pANy dUyXopimHy Oyp’sHucty dasy
MEepeBaKHO 3 OAHO- Ta JBOPIYHMUX POCIHMH 1 JIOKOPIHHO MiJBUINY€E KOPMOBY IIHHICTBH
TPaBOCTOIO, a NOAABaHHA N0 CyMilled me H abOpUreHHUX MPENCTAaBHHUKIB JUKOPOCIIOL
(dopu 3HauHO (Ha 5—7 pOKiB) MpHCKOPIOE (opMyBaHHsS OaraTOBHUIOBUX (ITOICHO3IB 3
BHCOKOIO CaMOBITHOBJIIOBAJIbHOIO 3/IaTHICTIO, MAaKCUMAJIFHO HAONM)KEHUX 32 BUJIOBOIO Ta
€KO0JIOr0-010JIOTYHOI0 CTPYKTYPOIO JI0 MIEPBO3AaHHUX NPUPOTHUX EKOCHUCTEM.

[leBHnit BHecok 3po0ieHO B 3’sICyBaHHS HOPMAaTHBHHUX IapaMeTpiB CTPYKTYPHO-
(DYHKIIIOHAIFHOTO CTaHy OiOpi3HOMAHITTA SK HEBiq €MHOI ¥ HalBH3HAaYaIbHIMIO!
CKJIAJIOBOi YaCTUHHU OYAb-KAX EKOJOTr0-Oi0NIOTIYHMX CHCTEM Yy 3MIMCHEHI MaTepiajbHO-
SHePreTUYHMX TOTOKIB 1 peamizamii MeXaHI3MIiB B HHX JKHTT€320e3MeTyI0UnX
BiTHOBIIOBAaHMX TMporieciB. Ha 0a3i BpaxyBaHHA Cy4acHOi CHHAHTPOIII3allii JOBKIIIA
po3pobneHa knacudikailis craHy (THIM KaTeropiii mopyiieHocTti) OiOpi3HOMaHITTS Ta
BHM3HAYCHI OCHOBHI HampsMHu ii ontumizanii (Bogovin, 2011).

IctoTHO po3mmpeHa MeroAW4Ha 0a3a TPOBENCHHS TEOPETUKO-NIPUKIAMHHUX 1
(byHIAMEHTaNbHUX CHUCTEMHHUX JIOCHI/KEHb IPUPOJIHUX 1 AaHTPONOTeHHUX YTBOPEHb.
Po3po0ieHi i 3ampoBaKeHi B AOCTIPKEHHs MPUPOAHHUX SBUI METOIM (Hi3iOrHOMIYHOTO Ta
(ITOPUCTHKO-1HANBITYNTICTAYHOTO aHAI3y EKOJIOTTYHMX CHCTEM 3 IIMPOKUM 3aTyYeHHSIM
(YHKIIOHATIBHO-TPYTIOBUX OIIIHOK 010MOP(OJIOTTYHNX, PUTMIYHUX, EKOJOTIYHHX, TPODIUHNX
1 IHIIUX BJIACTHBOCTEH OIOTHMYHMX KOMIDICKCIB 4M iX CKiIajqoBux vactuH (Bogovin et al.,
2003), mokazHUKH TreMepoOHOCTI OioTH, TOOTO TEHETHMKO-(i3I0NOTIYHMX peakiiii 1 Ha
OKYJBTYPEHHICTh UM aHTPOIIOTCHHE MOPYIICHHS YMOB icHyBaHHs (Bogovin, 2013; Bogovin
and Ptashnik, 2013). OcranHe Mae BHHATKOBO BaXKJIMBE 3HAYCHHS OCOOJUBO IS
arporpaHc(OpPMOBaHUX 1 TEXHOTEHHO MEPETBOPEHHUX EKOJIOTIYHUX CHCTEM Ta OLIHKH IXHBOTO
010pi3HOMAHITTS, OCKITBKH e HAPsIM aHANI3Y J03BOJISIE BCTAHOBUTH HE TUNBKU CTYIIHB X
MOPYIIEHOCTI (JIECTPYKIIii), a i JOMyCTUMI MOPOrd aHTPOIIOTCHHOI'O Ha HUX HABAHTAXKCHHS,
0 B yMOBax CTPIMKOTO 3pPOCTaHHS Ha MOBKULIA TaKOr0 THUCKY HaOyBae HaI3BHYANHO
BEJIMKOTO HApOJHOTIOCHO/IAPChKOr0 1 3arajlbHO €KOJIOTYHOro 3HaueHHs. [lopsn 3 1wmm,
MOCTIIfHO TPOBOIUTBCA PoOOTa 3 BH3HAUCHHS EKOLEHOOIOTMYHOTrO CTaTryCcy pOCIMH —
TICPBUHHUX OI[IHOYHUX OJWHHIG B CKJIAJi peaiizamii (yHKIIOHATBHO-TPYIOBUX Ta IHIIIX
METOJIiB JOCHI/PKEHHsI O10TUYHMX KOMIUIEKCIB. BpaxoBytoun, 110 yuHi, sK 1 Oyap-siki iHII
CHCTEMH € BIIKPHTHMH 1 PO3BHBAIOTHCS 32 ACTEPMIHAHTHO-XAOTHYHUM THUIIOM JIMHAMIKH 3
MIPOSIBOM Y HUX BHCOKOTO CTYIEHS BHITAJKOBUX YMHHUKIB (popMyBaHHS. OCTaHHIM 4acoM y
BIZUTLUTI KOPMOBHPOOHUIITBA 1 TYKIBHHUIITBA 3BEPHEHO IIEBHY YBary Ha 3aTy9eHHS B TOCIiTHUH
MpOoIIeC METOAy HENiHIHHOTO aHamizy cucTeM, sSKui 3a Bm3HaueHHsM C. B. Uepwmimenka
(Chernychenko, 2000), A. T1. Tpasneesa, H. A. binooi (Travleyev and Belova, 2008), uusi €
HOBUM 1 HAJ3BHYalHO MEPCHEKTUBHUM HAMpPSIMOM JOCTI[PKCHb HPH BHUBYEHI CKIAJHUX
€KOJI0ro-010JIoriYHUX 00 €KTiB. BiH 100pe rapMOHI3y€eThCS 3 BHYTPILIHBOIO TPOLIECYaIbHOIO
CYTHICTIO BIJIKDHTHX TIPHUPOJHHMX 1 aHTPONOTEHHMX OIOTHYHMX CHCTEM 1 HaWIOBHilIe
PO3KpUBAE JETEPMIHAHTHY CIIPSIMOBAHICTH iX PO3BUTKY.

Huni y Bigmini BUpINIyIOTBCS NMPOOJEMH OpPraHidHOrO BHPOOHHWITBA MPOAYKILI,
BUpoIIyBaHHs eHepreTnyHux KyueTyp (B. I'. Kyprak, I'. B. €dpemona), po3pobistoTses
NPUHONIHA  CHCTEMHO-30a7JaHCOBAaHOTO BHUKOPHUCTAHHS HPUPOJHHX 1 AaHTPOIIOTEHHO
TpaHc(hOPMOBAHUX EKOCHCTEM SIK OAUHUIG Oiocdepu (A. B. Borosin, M. M. IItamHik).

HaykoBIi Bifaity HEOXHOPA30BO Tally3b MPEACTABILIIN Ha MIKHAPOIHUX KOHTpEecax
3 aykiBHHITBA — y 1974 p. Ha XII-Mmy B Mocksi (M. B. Kykcin, I. O. Ilamamapuyk,
A. B. Borogin) tTa y 1977 p. Ha XIII-my B Leipzig German Democratic Republic (A. B. BorogiH,
I. O. Mamamapuyk, M. B. Kykcin), Ha koHrpecax €Bponeiicbkoi Denepartii TyKiBHUKIB — Y
1971 p. Ha 4-x I'enepanbuux 300pax y llIBeiinapii (A. B. borosin), y 1975 p. Ha 6-Tux
I'enepanbuux 300pax B Icnanii (A. B. Borogin), y 1985 p. Ha 8-ux I'enepanbHux 360pax y
BemukoOpuranii (A. B. Boroein), y 1990 p. na 13-ux I'enepaipHux 300pax Yy
YexocnoBauunHi (A. B. borosin, B. I'. Kyprak), y 1992 p. na 14-ux I'enepansaux 300pax y
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Oiansaapii (A. B. borosin, B. I'. Kyprak), y 2008 p. Ha 22-ux ['eHepampHuX 300pax y
MBemii (B. I'. Kypraxk), y 2012 p. Ha 24-ux 'erepansanx 36opax y ITomemi (B. I'. Kyprax,
A. B. borogin), Ha cummoziymax —y 2007 p. Ha 7-x 300pax 3 ekounorii 1yk y CrnoBaqduHi
(A. B. borogin, C. B. Jlynuuk, M. M. IItammnik) i y 2011 p. 3 nurasb JyKiBHHLTBA B
Agcrpii (B. T'. Kyprak).

3 1982 p. HaykoBLi BiAily KOPMOBHPOOHHUITBA 1 JIyKIBHUITBA BIPOJOBXK TPUBAIOTO
yacy Oynu wieHamn pobGouoi rpymu 3 mpoekty MAB Ne 3 «Tpaw’suucrti manmmadty,
cinokocu ¥ macosuia» nporpamu FOHECKO «JIroauna i Giocdepa» Ta nporpamu OOH i3
cTajoro po3BuUTKy Ykpainu (A. B. borogsin, 2001) ta 3 1999 p. npoexty ®AO «IlacoBumni
pecypcu CBiTy» 3 po3poOJeHHS 3a TaKOI0 HAa3BOIO PO3IUTYy, ale B Mekax YKpaiHu
(A. B. Bborogin, C. B. ymauk). 3 2008 mo 2012 pp. Bimminm Ha mpaBaxX WICHCTBAa OyB
TIPEJICTaBIICHUH Y BUKOHABUOMY KOMiTeTi €Bporeiicbkoi denepariii TyKiBHHUKIB, a 3apa3 €
MTOCTIHHIM MPEICTaBHUKOM B Hilt Bix Ykpainu (B. I'. Kyprak).

Binnin BukoHye BemUKy poOOTY 3 HMiATOTOBKH HAYKOBUX KaJpiB BHUIIOI KBaTi(hiKarlii:
JTIOKTOPIB 1 KaHAWJATIB HAYK 3 3a3HAYCHOI TaIy3i 3HAHb.

Hauionanbhuii HaykoBuit neHTp «lHcTHTYT 3emiepobctBa HAAH» HamionanbHoi
akajgeMii arpapHUX HayKk YKpaiHH 1 30KkpeMa HOro BiIail KOPMOBHPOOHHMIITBA 1
JYKIBHHUIITBA 3 4Yacy CBOIO YTBOPEHHS BHIC 1 NPOJOBXKYE BHOCHTH 3HAYHUI BKJIAA Yy
CTaHOBJCHHS W TOJAIBIIMI PO3BUTOK BITYM3HSHOTO JIYKIBHHITBA, B PO3POOKY
(yHIaMEHTAIBHUX 1 TPUKIJIQJHUX OCHOB SIK OJHI€T 3 BaXIMBHX rajly3eil 3HaHb Ta I1€BOTO
YMHHUKA BIUIMBY Ha MiJABHIICHHS €(QEeKTUBHOCTI ITOJAJBIIOTO pPO3BUTKY OJHOTO 3
B)XJIMBUX HAIPSMiB HayKH Il HAPOJHOTO TOCIIOApCTBA IEPKABH.
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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, 1. L.
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 1. 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. 1. 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 betweenbiogeocenotical relationships of organisms and, in general,
betweenbiogeocenotical interactions; 6) biogeographic (according to spread of ecosystems); 7) evolutionary
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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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O METOAONION'M1 U TEOPUU BUOIEOLIEHONIOI AN

AHHoTanms. B Teopun OHoreoneHosa CyIIECTBEHHO BaXKHBIMH SIBISTIOTCS  SKCTPAIOJIALHS
B3rsanoB B. U. Bepnanckoro Ha Oumocdepy, MOCTpoeHHE Pa3sHOYPOBHEBBIX METOIOJIOTHYECKUX
npo06ieM, KOHLETINH, ONpeAeIeHre HalpaBIeHUH, COBPEMEHHOTO COCTOSHHS PETPO- B 0003PUMBIX
nepcnekTus, passutue uaei B. H. Cykauesa, U. U. llImansraysena.
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NMPO METOAONOrIO TA TEOPIIO BIOFEOLIEHONOTII

AmnoTanisi. B Teopii 6GioreoreHo3y CyTTEBO BaXIMBHMHU € eKcrpanossiuis morsigis B. 1. Bep-
HAJICBKOr0 Ha 6ioctepy, o0y 10Ba Pi3HOPIBHEBUX METOJIOJIOTIYHUX MPOOIIEM, KOHIICTIIi, BU3HAUCHHS
HampsAMiB, Cy4acHOTO CTaHy pPETpO- 1 OCSDKHHUX IIepCIeKTHB, po3BUTOK imed B. M. Cyxkauona,
I. I. lImaneraysena

Knruoei cnosa: biozeoyenos, bioceoyenonois, QyHKyis, meopis, Memooonozis.

BioreoneHnomnoriss € Haykowo Tpo (OpPMyBaHHs, OpPraHi30BaHICTh, (YHKIIOHYBaHHSI,
ajarnTarii, MOIMPEHHs, PO3BUTOK 1 EBOJIONi0 OioreoreHo3iB. BoHa po3BuBacThCs Ha
IIMPOKOMY TJi 3arajlbHOTO TIporpecy OioMoriYHOI HayKH, 3aXOIUTIOE IIHPOKE KOJIO
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NOJILOBUX JOCHIIDKEHb Y JKUBIH NpPUPOAI, IXHE OCMHCICHHS Ta MOJCIIOBAHHS B
eKCIEPUMEHTAIBHUX 1 Ta00pPaTOPHO-TIOIHOBHUX YMOBAX.

BioreoneHooOris € CIPSYKEHOIO 3 EKOJIOTIEI0 HAYKOIO, B OCSDKHIN MEPCIeKTUBI AKOi €
NOEHAHHS 3 CHHTETHYHOIO TEOPIEI0 EBOJOLIi Ha OCHOBI PO3BUTKY EBOJIIOIIMHUX 1
kibepaernunux inei 1. 1. IlImaneraysena. Teoperusaiisi OioreoreHoIoTii, 3amoyaTKOBaHa
npaisiMu B. M. Cykadosa, OyJia i € MpoBiIHOIO TEHAEHIIIEI0 CYy4aCHOT'O Ta MEPCIEKTHBHOTO
il po3BHTKY, IO 3YMOBIIOETHCS CKJIAIHICTIO OpPraHi30BaHOCTiI OioreorneHo3iB i iXHBOI
JuHaMiky. [Hpopmaniinuil dakTonoriunuii 6a3uc GioreoueHoNorii € 00’€KTUBHO JIAJIEKO
HETIOBHOYWIEHHHMH Y 3B’SI3KY 3 HEMOJJIMBICTIO IPAKTHYHO OXOITUTH BCI MPOSIBH CTPYKTYPH
(cxmany, OymoBH, 3B’s3KiB), ()YHKIIi iCHYBaHHS Ta PO3BHTKY OioreoreHosiB. Bce me €
CIPHUATIMBAM (OHOM IUTIIHOTO PO3BHTKY TEOPETHYHOTO MUCJICHHS, BUIBHHX 1
[UIeCIPSAMOBAHAX TIOMIYKIB Y HBOMY, HOOYIOBHM KOHIENITyadbHHX 3acaa.  Jlexkadi
BITHOCHO Ha MOBEpPXHi Teopii OioreouneHoorii MPUHIUNHN CHUCTEMHOCTI, TUHAMI3MY,
aJanTamioreHe3y OpraHiYHO MAalOTh YPIBHOBaXYBaTHCA  IHIIMMH, $K HaNpPUKIAL,
eKCTPaloJbOBAaHUMH 3  TEOPETHYHOI  (PI3MKM NPUHIWIIAMH  HEBH3HAYEHOCTI Ta
nonoBHioBaHocti H. Bopa, sik HEoOXiqHMMH IHCTpyMeEHTapisMH Uil OUIbII TJIHOOKOTO
Mi3HaHHS CYTHOCTI OioreolieHo3iB. B po3kpuTTi opraHizoBaHOCTI Ta (YHKI[IOHYBaHHS
010reOIICHO3IB  IUIOJOTBOPHUMH € TIPUHIMIIK: iXHBOI THIOJOTIl, 5K, HAIPUKIA,
O. JI. Benmprapna (Belgard, 1970) mist crenoBux JiciB, aetanizarii CTpyKTypH 0ioTeoleH03y
A. TI. Tpasneea (Travleyev, 1973) i cknagaHHS TEpiOJUYHUX TUIOJOTIYHUX CHUCTEM,
eKOJIOTIYHMX Him OiosoriyHmx BuAiB (Shanda V., 2013), napuen nicoBux OioreoueHo3iB
(Shanda L., 2006) xibepHETHYHUX CXEM JUTS BUCBITIICHHS Pi3HUX SBUII i TIPOIIECIB TOIIO.

bioreoneHo3 HeaJbTEPHATUBHO BH3HAYAETHCS PI3HUMH aBTOPAMU  BiIIOBiTHO
0cHOBOMOJIOXKHUM mpaisiM B. M. Cykadosa. bioreorieHo3 € CyKyIHICTIO OpraHi3MiB pi3HUX
LApPCTB KHUBOI IIPUPOJIH, IO ICTOPUIHO (POPMYETHCS 1 PO3BUBAETHCS HA OCHOBI POCIIMHHOTO
YIPYIIOBaHHS B TIEBHOMY OuThII a00 MEHII OJHOPIIHOMY, BiAWIEHOBAaHOMY Bif iHIIHX,
npocTopi TepuTopii 4K akBaTopii Ta CKJIaJae HEpo3’€MHY €IHICTh y camiii cobi Ta 3i
CTpyKTYpaMu, (aKTopamMH HEXHMBOI MPUPOH, 3a0e3Meuyroun OiIbin ab0 MEHII IUKIIYHO
3aJe)KHe (QYHKIIOHYBaHHS Ha OCHOBI NPHUTOKY COHSYHOI €HEeprii Ta OOMIHHMX SIBHIL i
MPOIIECIB 13 CYCiTHIMH 010T€OIICHO3aMH.

Bioreonenos, sk (eHOMEH OpraHizoBaHOCTI >XMBOI TPHPOJH, € EJIEMEHTapHOIO
CTPYKTYPHO-(PYHKIIIOHATEHOK OJMUHHIICI0 Oiocdepu, a 0iONEeHO3, BIAMOBIIHO, OIMHUIICIO
)kuBoi pedoBwHM IUiaHeTH 3a B. I. Bepraacekum (Vernadsky, 1926). ¥V 6GioreomeHno3ax
crenn(ivHO 3aJTOMITIOIOTHCS 1 MPOSBIAIOTEC PYHKIIT Oioceprn Ha OCHOBI aKTUBHOCTI Till
OioTaHOTO, 610TEHHOTO, 0I0KOCHOTO Ta KOCHOTO THITY, III0 HOTO CKIaIaI0Th.

Eneprernuna ¢QyHKIis O6ioreoneHo3y BHSBISIETBCS B HOTO EHEPreTHIl, TOOTO
CYKYIHOCTI BCIX TIpOIECiB 1 SBHII, IIOB’S3aHUX 3 OJCPKAHHAM, HAKONWYCHHSM,
MIEPETBOPEHHAM, PYXOM 1 PO3CiIIOBaHHSAM €Heprii B TpoiyHMX naHIforax i cirax. Lle —
¢dyHKIisE  OiojoriyHOT MPOAYKTUBHOCTI. MeTtabomiyna (YHKINSI XapaKTepPU3yE BCHO
HEBHM3HAYEHO BEJMKY KUIbKICTh OOMIHHMX TIPOLECIB Y OpraHi3Max 1 MiX OpraHizamMamu
OioreoleHo3y, a TakoX MDKOIOreOlEHOTHYHI OOMIHM B CaMOMYy LIMPOKOMY pPO3YMiHHI
(XIMIYHMMHU eleMEeHTaMH, CIOJIyKaMH, OpraHi3aMaMH, iXHIMH 3a4aTKaMH, pemrTkamu). B
GilorenHiif Mirpamii XiMiYHMX eJeMeHTIB y Oiocdepi 6iOoreoneHo3u MOXKYTh CIyTryBaTH B
SAKOCTI OloreoxiMigyHMX Oap’€piB, Ha IO HE 3BEPTAETHCA JOCTATHS yBara B ii JOCIIKECHHI
Ta ocmucieHHi. KoHmeHTparopHa ¢(yHKIisS OioreomeHo3y NOB’s3aHa 31 crenupiIHAM
HAKOTIMYCHHSAM JKHBOi OiomMach, HeoOioreHHOi Ta OIOKOCHOI pedoBMHH. JlecTpyKTHBHA
(hyHKIIiSI TPOSIBISAETHCS B PyHHYBaHHI Ta PO3KJIaAaHHI OPTaHIYHUX 1 HEOPTaHIYHUX CIIOJNYK,
PEIITOK Oprafi3miB, $Ki TNPU3BOAATH JO YTBOPEHHA HEOOIOTEHHOI pEeYOBHHHM, i
MiHepamizamii, po3KIaJaHHA CIOIYK KOCHOI PEUOBHHH, PYHHYBAaHHS MOBEPXHI KOCHOTO
TiNa GioreoleHo3y KOPEeHsSMH POCIHH 1 3eMiepusMu. PyxomicHa, TpancnopTHa (yHKIis
OioreolieHo3y 3a0e3ledyeTbcss MOCTIMHUM BHYTPINIHBO Ta MiDKOIOT€OIEHOTHYHUM
MEPEMIIIEHHSIM 1 PyXOM 3a4aTKiB, IJIMX OPTaHI3MiB 1 IXHIX PEIITOK, XIMIYHHUX CJIIEMCHTIB 1
cniosryk. CepenoBunieTBipHi (yHKIII OioreoneHo3y moB’s3aHi 3 (OpPMYBaHHAM y HbOMY
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cnenmu(iyHUX CTaHIB HOro KOMITOHEHTIB, CYKYyNHOCTEH (aKTopiB i pecypciB pi3HOT
OpUPOAM Ta iXHIM IOIIMPEHHAM y HOro Mexax 1 I03a HHMH, IO XapaKTepH3ye
MiXKOiOTeoneHOTHYHI 3B’S3KkM. BuminpHi (yHKII] opraHi3aMiB pi3HEX LAPCTB  KHUBOI
MIPUPOJIH, B TIPOIECAX KUTTEMISIIBHOCTI Ta TIOCMEPTHOTO PO3KIafaHHs, (POPMYIOTh 3arajioM
ocobnuBe OiOXIMIYHE CEpelOBUIIE, KOMIUIEKC JIETKMX PEYOBHH SIKOTO € JOCTaTHBO
PYXOMHM 1 4acTO OPTaHOJIINTUYHO BIIYYTHUM 3a Mexamu OioreoneHosy. b. b. ITonuHoB
(Perelman, 1969) BBaxkaB cdepy JIETKHX PEUYOBUH XapaKTEPHOIO T€OXIMIYHOIO 0COOINBICTIO
nmanmmadry i, BiIOBITHO, HA HANI OIS, OyIb-sIKOr0 0i0TeoneHo3y B HhOMY. SIBHIIA Ta
MPOIIECH, M0 XapaKTePH3YIOTh BHJIUICHHS OpraHi3MaMH €K30METaOOMITIB 1 MPOIYKTIB
MMOCMEPTHOTO PO3KJIAJaHHS HAa30BHI BH3HAYAIOTh BHUIUIbHY (YHKIiIO OioreoneHo3y, IIo
BiJINIOBiJja€ HOTO aKTUBHOCTI K ajenonaTugHoro (uijoro) ¢gakropy. [lormmHansHa QyHKITISA
OioreorneHo3y 3a0e3MedyeThCsl CIPUUMAHHAM COHAYHOI CHeprii, pI3HWX TMONiB 1
BUIIPOMIHIOBaHb, BOJIOTH, TEIUIa 3 KOCHOI pPEYOBHHHU (IMiACTHIIAI0YOi MAaTEPHHCHKOT
MOpOAN), BIUTMBIB BUAUIBHUX (YHKIIH CycimHiX OioreorienosiB. ['eonoriuna QyHKis
0ioreoreHo3y TPOSIBIIIETECA Y MEXaHIYHUX PyXaxX XIMIYHHX €JIEeMEHTIB i OioreoxXiMiyHHX
SIBUIIAX 1 Tpolecax, SKi MOB’I3aHi 3 BUKOPUCTaHHIM OpraHi3MaMH XIMIYHHX €JIEMEHTIB i
iXHIX CIOJNyK Jjisi TOOYIOBU TiJia 3 TIOCIIIYIOHYOI BTPATOI 33 PaxyHOK IPIKHUTTEBUX
BUJIJIGHb 1 IIOCMEPTHOTO pO3KJIAJaHHA pelToK. bioreomeHozam, y TmeBHIH Mipi,
NIPUTAMaHHOIO € 3[]aTHICTh PO3IIMPIOBATH CBili 00’€M (IIpOCTip) 32 paXyHOK IEpeMilleHHs
OpTraHi3MiB, IXHIX 3a4aTKiB 1 PEHITOK 3a MeXIi nepexiaHux 30H (ekotoHoromiB). Lli sBumia
Ta MPOIIECH BIMOBIIAIOTH Oi10TEOIEHOTHYHIN €KCIaHCii abo IeHoXopil.

s OloreomeHos3iB, K CHCTEM, BJIACTHBOIO € TII€BHA BiTWICHOBAHICTh
(aBTOHOMHICTB),  TUCKPETHICTh, OpraHi30BaHICTh HAa OCHOBI  MapIelspHOI Ta
6ioyHKITIOHANBHOT ~ i€PAapXi9HOCTi, BIATOBIAHO KOHCOPTHBHOCTI Ta piBHIB Mac-
E€HEePreTUYHOTO BUKOPHUCTaHHA TPOPIUHUX PeCypciB.

Bioreomnenosoriss SIK Hayka TOKH IO 3HAXOAWTHCS B CTafii CBO€i po30ymoBH,
0€3/10CTaTHhO 4YITKO Cc(OPMYJILOBAaHMX HANPSMIB 1 KOHIIETIH, KOHTYpIB 3aBEpIIEHOCTI
KapTHHHA CBITY B CBOii Meromosorii. B 3aranbHiii KapTuHi 0iOTCOICHOTIOTTYHUX
JOCII/DKeHb, Ha Hall IOIVISI, MOXKHA BHMIUIMTH TakKi HampsMu SIK: 1) TaKCOHOMIYHHNA
(BiAMOBIZTHO BM3HAYEHHSM BHJIOBOT'O CKJIJy OPraHi3MiB Pi3HMX LAPCTB KMBOI IIPUPOIN);
2) ¢axTopianbHuii; 3) amanTtamiiHui (CTOCOBHO peakuiii Ha pi3HI BIUIMBH, ajanTamii i
(opmyBaHHS exkoMOp(iuHOro ckiaay); 4) NPOCTOPOBO-AMHAMIYHMEN (TIOB'sI3aHUI 3
BUIEHHSIM (POpM TiT OI0TE€OICHO3IB 1 CKIIAaf0unX X OpraHi3MiB y CTaTHIN Ta JUHAMIII);
5) IUHAMIYHO-CBONIOMIMHUHN, Y MeKaX SKOTO BHBYAIOTHCS Pi3HOMACIITaOHI MPOCTOPOBO-
4acoBi 3MiHHU CKJaxy, OYZOBH, BHYTPIIIHROOIOTEOICHOTHYHIX Ta MiKOIOTCOEHOTHIHIX
3B’S3KIB OpraHi3MiB i, 3arajoMm, MiKOIOT€OICHOTHYHHMX B3aeMOjil; 6) Oioreorpadidnuii
(BiAMOBiAHO TOMIMPEHHSI OI0TE€OICHO3iB); 7) CBOJIOIIMHMMN, SKUH OXOIUTIOE BCi MPOSBU
MIPOCTOPOBO-YaCOBOi MIHJIMBOCTI 010T€OIICHO3iB BiJ CE30HHHX (UIYKTYaIliii 0 BIKOBHX
3MiH; 8) IHTEpaTHBHUi, SKUH IOEAHYe BCI HampsAMH JOCHIIIKEHb y KOHKPETHOMY
0I0rCOICHOTHYHOMY CEPEOBHUIINI TOIIO. MU HE BHUKIIOYAEMO MOMAIBINOI OUIBIN JPiOHOT
JeTarmizaiii Ta 1uepeHIifoBaHOCTI 010TCOICHONIOTTYHUX TOCIIIKCHD.

BioreoneHoNOTiYHy METOJIOJNIOTII0 OKPECIIOITh HEOJHAKOBO 3HAYYIII Ta OCSDKHI
ckiazoBi. B 1i oHTomnorii MoXkHa BHAULIMTH Taki mpoOiieMH sK: 1) 00’€KTHBHO iCHyIOYe
HEBU3HAUCHO BEJIMKE pIi3HOMAHITTA OioreomeHo3iB; 2) ixHi 00’€KTHBHI  CKIAJHICTh
OpraHi30BaHOCTI, (PYHKITIOHYBaHHS Ta PO3BHUTKY; 3) CIEHUQIUHICTh i HeCTeNU(iIHICTh
SBHI 1 TPOLECIB y Pi3HUX TUmax Oioreorneno3iB. Cepex THOCEONOTIYHUX IPOOIEM
BigMiTHMO: 1) OOMEXEHICTh 1 HE3aKiHYEHICTh CyYaCHHX TEOPETHYHHX Yy3arajbHEHb 1
moOyoB; 2) HEOOCTaTHICTH (PAKTONIOTIYHOTO MaTepially Mpo Mac-eHepreTHdHi Ta
iHdopMarIiifHi TMOTOKH, IO PETYIIOIOTh 1 pPyXaloTh OioreoreHo3w; 3) pO3MIMpPEHHS Ta
MOUOJICHHsT TeopeTu3allii; 4) akTyasi3allifo MPUHIMUIIB HEBU3HAYCHOCTI, JOMOBHECHHS,
dopmarizaliii, aHajOrii, EKCTPAMOJSAIiN Yy MOSICHEHHI OyTTsA, AMHAMIKA Ta CBOJFOLIT
Oloreoueno3iB. Ha piBHI 3aranbHO-HayKOBOI METOAOJIOTII yBary 30CepeIuMo Ha
npobiemax: 1) cucremHocti OioreoneHosiB y Beix ii mposiBax; 2) IXHBOTO €JIEMEHTHO-
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KOMIIOHEHTHOTO aHaJIi3y IIOA0 CKIaay, OyIOBH, 3B s3KiB, pi3HOMACIITAOHUX TPOCTOPOBO-
YacOBUX 3MiH. ¥ KOHKPETHO HAayKOBIH MeTOMO0JIOTii 06i0TeoneHooril CyTHICHIMH, Ha Hall
oTJIsizl, € mpobsemu: 1) pi3HOpPiBHEBOI WIEHOBAHOCTI 0O10TE€OICHO3iB; 2) IXHBOI THITONOTI]
Ha peaibHIN 1 (opMmaii3oBaHiii OCHOBaxX. B MUCHHUIUTIHAPHIA METOIONOTI BiI3HAYMMO
npobnemu: 1) meramizaiii BHYTPIIIHBRO Ta MIDKOIOTCOICHOTUYHUX B3AEMOMINA Yy
010reoleHOTUYHOMY MOKpPHBI; 2) TXHili KOMOiIHaTOpHUI aHami3. Ha MibkaucuuIuiiHapHOMY
piBHI Meronoiorii OioreoreHosorii BuxiIgeMo mnpobiaemu: 1) OioreoximiuHOi podi
6ioreoleHo3iB y 0i0reoneHOTHYHOMY MOKpHBI; 2) TXHBOI €BONIOLIHHOI 3HAYYMIOCTI 5K
TIOJIiB MIKpOEBOJIIOLIHHMUX SBHII 1 Tpolecis; 3) crepeomerpii OioreomeHos3iB i Tii, o iX
CKJIaJIal0Th; 4) KiOEpHETHKH 0i0TCOIICHO3IB.

HazBaHi pi3HOpiBHEBI Ta Pi3HOEMHICHI METOJOJOTIUHI MPOOIIEMH CKIAJAIOTh JIUIIE
HE3HAYHy YACTHHY IXHIX OIHUCIB 1 BH3HAYEHb, SKi MOXYTHb CIYT'YBaTH IS TOOYIOBH
KOHIIEMIIiH 610reo1eHoNoril, Ik CUCTEM 1IeH 1 MPUHIKIIIB HAYKOBOTro OauyeHHs ii cyTi. Mu
posrisiiaeMo KoHIeniii sk chopMOBaHI Ta He3aBepIleHi, 110 3HAXOAATbCS B CTamil
PO3BHUTKY, CYKYITHOCTi YSBIEHB, CHOCOOIB 1 IPHUHIUIIIB OCMHCJICHHS TI€BHUX SIBHII,
00’€eKTIB HANPsIMIB HAYKH Ta CYCIIBHUX PyXiB abo xwutTs. KoHuemnuii 6ioreoneHomnorii, sk
CHUCTEMM TIOTJIS/IIB, SIKI TOEAHYIOTH pi3HI OadeHHs 11 CYTHOCTI, MOXYTb OyTH
mudepeHIiiioBani Ta IHTErpoBaHi B €IWHIM (parMeHTapHIi HayKOBid KapTWHI CBITY.
B sKOCTI OCHOBHMX KOHLENNIH MM BHAUIIEMO: CHCTEMHY, TEpMOAMHAMI4HY,
010TEXHOJIOTIYHY, CTEPEOMETPUYHY, TIeoMOp(OJIOTiuHy, TeoJoriuyHy, OiloreoxiMivny,
ajlanTarioreHe3Hy, €BOJIOLIMHY (HaJeOHTONOTiIuHy), OioreorpadiuHy, KiOepHETHUHY.
B Mekax KOXXKHOT KOHIISTIIii BUMAJIbOBYIOTECS TPH acleKTH: 1) 3arajJbHO010re0neHOTUYHHIA,
CTOCOBHO IHAWBITyaTi30BaHOCTI  0iOT€OICHO3iB; 2) MiXOiOT€OICHOTHYHUH, BiIHOCHO
BCHOTO 0IiOT€OIICHOTHYHOTO MOKpHBY abo ioro wacTwH; 3) IuiaHeTapHHH, OlochepHHi,
SIKMH BU3HAYAETHCS 010C(HEepHO 3HAUYIICTIO O10TEOICHO31B.

CucTteMHa KOHIETIiS € BH3HAYAJIBHOIO, IMaHiBHOI. BoHa mepekpuBae, MEBHOIO
MIpOI0, TIOJISl BCIX 1HIINX, BUXOAUTH 13 CYTHOCTI PO3YMIHHSI CHCTEMH B 3arajbHOHAYKOBil
MeTo/10JI0Tii. 3MICT CHCTEeMHOI KOHIEMIIl CKkianae O0adeHHs O0ioreoleHo3iB sk 00’€KTiB
CHUCTEMHOI'0 aHaJi3y 3 yciMa HAaCIiIKaMH, sKi 3 I[bOr0 BHUTIKaIOTh. B Mekax CHCTEeMHOT
KOHIENIii 00IPYHTOBYIOThCS MaTepialibHI BUPa3H O3HAK 1 BIACTHBOCTEH, BHYTPIIIHBO- Ta
30BHIIHBO010T€OIEHOTHYHI 3B’ I3KU €JIEMEHTIB 1 KOMIIOHEHTIB, OMHKC, aHai3 1 OCMHUCICHHS
NOpyIIeHb CHCTeMHOCTi. CHCTeMHa KOHLEMIIS OKPECIIOE CHCTEMHE pPO3YMIHHS
OpraHi30BaHOCTi, QYHKI[IOHYBaHHS, PO3BUTKY 010T€OIEHO3IB K BiTWICHOBAHUX BiJl iHIIIHX
MoMiOHNX 200 HEMOAiOHMX CYKYIMHOCTEH B3a€MOJIIOYHMX €JIEMEHTIB 1 KOMIIOHEHTIB 3
PI3HUMHE PIBHAMH AUCKPETHOCTI, AMHAMIYHOCTI, HIJTICHOCTi Ta CYMaTUBHOCTI.

Bin ocHoBononoxuux mpans B. M. CykadoBa (Sukachev, 1972, 1974, 1975) B ycix
po3poOKax i 3BeJICHHAX aKIeHTyBajlacs CHCTEeMHa npupoja 6ioreonenosy (Holubets, 2000;
Nomokonov, 1989; Rabotnov, 1976; Shanda V., 2013). bioreoueHo3, sk CyTHICTb,
BIJITIOBIJ]a€ BCIM O3HAKaM i BIIACTHBOCTSIM CHCTEM Y IXHIX 3arajbHUX 1 HEAJIbTEPHATHBHUX
BU3HAYCHHSIX, SIK 1 B KAPTHUHAX, IKi OKPECIIEHI TEOPETHKAMH CUCTEMHOT0 OayeHHs PUPOAU
(Haylov, 1963; Sadovskyy, 1974).

Bioreoneno3, sk cucTeMy, CKIQNalOTh Taki HOTO Tila, sk OioTwyHe (0OiOIEHO3),
6iokocHi ( mpu3emMHa aTMocdepa Ta TpyHTH), 6ioreHHi (Heo0loreHHe, SIK OpraHiyHi PelITKA
B cTanii pO3KIaJaHHSA, Ta TNaleo0ioreHHe SK MeTaMmop(di3oBaHi OCaZOYHI MOPOIH
OPraHiYHOTO MOXOJDKEHHS, SIKIIO BOHHM ITJCTHJIAIOTH IPYHT), KOCHE, IO € IiJICTHIAY0I0
MaTepHUHCHKOIO MTOPOJIO0 HA PiBHI MPOHUKHEHHS B Hel pociuH 1 3emiepuiB. Li Tina MaroTs
CHCTEMHY IPHUPOLY B MHOXHHHOCTI CBOIX €JIEMEHTIB, 3aBISKH Mac-€HEPreTHYHHM
obminam BcepeauHi 1X 1 MK HuMH. CHCTEMHICTh OIOr€OLIEHO3IB BKJIIOYAE XaoC SK
HEBU3HAUCHI Ta Hemi3HaHi i1 3aKOHOMIpHOCTI.

CucTeMHa KOHLICTIIiSl OINKMCYE HE TUIBKM OIOTreOleHO3HW, ajle TAaKoX IXHI CYKYIHOCTI,
0ioMH, SIK BUIIUTH OI0T€OIIEHOTUYHOTO MOKPHBY Ta BECh IeH TIOKPUB 1 6iocdepy sk cuctemu. B
CHCTEMHIN KOHIIEMIII], TapaJenbHO 3 €BOJIOLIHHOI, BUIUIMBAE TEOPis CYKLECIHHHX CHCTEM
(Odum, 1986) i cykieciitHoro aHamizy. B cHCTeMHy KOHIICTIIIO IILTKOM JIOPEYHO BIUCYETHCS
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imest opraHi3Mizmy, 3anodarkoBaHa @. Kmemenrcom (Mirkin, 1983) st ditomeHo3y, AKkuii,
BIATIOBIIHO BBakaBcA KBasuopraHismMoM. Ilpm 1moMy 3 mONS 30py  BHKIIOYaBCS
THIUBIYaJIICTHIHHA KOHTEKCT KOKHOTO (hiTomeHo3y. PocmmHHE yrpymoBaHHA Ta BCi iHII
CKJIAJIOBI OIOICHO3Y € CYKYITHOCTSIMH IHIUBIIIB HA OCHOBI IXHBOI T€HETHYHOI HETIOBTOPHOCTI.
@deHoTHITIYHA 1HIMBILYAbHICTH OpPraHi3MiB PI3HMX IAPCTB JKMBOI IPHPOIH JI03BOJISIE
PO3MIISLIATH KOJKEH 0i0reolieHo03 He TUIBKU B IUIaHI OpraHi3Mi3My, ajie i SIK CHCTEMY 1 IOTOKH
B3a€MOJIII0YNX 1HIIMBITyaJIbHOCTEH y TIpoLiecax iXHbOI KUTTEISUIBHOCTI Ta PO3BHUTKY.

TepmonnHaMiuHa KOHLENINS MOSICHIOE OIOT€OIEHO3M SIK BIIKPHUTI HEPiBHOBaXHI
TEPMOJMHAMIYHI CUCTEMH 3 PI3HUMHM DIBHSAMH BIOPSJKOBAHOCTI, HEBIOPSIKOBAHOCTI Ta
ixHiME cmiBBigHOmEHHsMA. EHepreTuka 0iOT€OICHO3IB — CYKYIHICTh SBHUI 1 IPOIIECIB
OJIeprKaHHs, HAKOITMYCHHS, BUKOPUCTAHHS, PyXy, IEPETBOPCHHS Ta PO3CIIOBaHHS €Heprii —
HIiIIOpSAAKOBaHa OCHOBHUM 3aKOHOM TepMoIMHaMikk. B Mexax wiei koHnemnmii
6ioreoreHo3n PO3TISAAIOTECS K €HePreTHYHI yCTpOoi 3 pi3HUMH 00’eMaMu aKyMyJIAIii,
BHKOPHCTAHHS Ta PO3CIIOBaHHA €HEPrii (COHAYHOI HacaMIIepena) Ha BCIiX CTYIMEHsX ii pyxy.
HaiiBaxxnmBima TepMogrHaMi4Ha XapakTepucThHKa Beix exocucteM 3a FO0. Ogymom (Odum,
1986), 1 GioreoieHo3iB y TOMY YHCIIi, 11€ 3[JaTHICTh CTBOPIOBATH Ta MIATPUMYBATH BHCOKHI
CTYMiHb BHYTPINIHBOI YMOPSAKOBAaHOCTI ab0 CTaHy 3 HU3bKOIO eHTpormiero. [Ipu npomy
HEBIIOPS/IKOBAHICTh BHBUIBHIOETBCS y BHUIIIAL PO3CilOBaHHs (AMcumanii) eHeprii. 3a
paxyHOK eHeprii, (ikcoBaHOI B TiNaX, sKi CKJIaJalOTh OiOreoleHO03, Bech
010TeOLICHOTUYHUI TTOKPUB, HOTO OKpeMi 0i0OMH MOXHA BU3HAYaTH y SIKOCTI €HEPreTHYHOL
MO03aiKi, TOMY 110 0iOr€0IeHO3U MAIOTh HEOHAKOBY €HEPreTHYHY €MHICTh. BHUBIIbHEHHS
Ta PO3CitOBaHHA eHeprii (0coONHMBO y BHUIIIAII TeIIa) MOXKHA BITHECTH O OAHIET 3 GopM
BHYTPIIIHBO Ta MDXKOIOT€OIEHOTHYHHX B3a€MOINA. Y MeKaX TepMOIUHAMIYHOI KOHIICMIIi1
6iooriuHi MepBUHHA Ta BTOPWHHA NMPOAYKTUBHICTH (3arajioM 1 y BHJOBHX BHU3HAUCHHSX)
MalOTh OIIHIOBAaTHUCS  HE TIABKM OJMHMIIMH MacH, ajié TaKo)K Ha OCHOBI IXHBOI
EHEepreTHYHol €MHOCTI ( B CHEPreTHYHHX OIMHHUIAX), IO MOXIIUBO PO3KPHUBAE HOBI
acrekTd 1MX npobseM. TepMoaMHAMIYHA KOHLEMIis J03BOJisie OauuTH OloreolneHo3u,
0il0reoLeHOTHYHUIT MOKPHB 1 BCIO Oiocdepy SK BIAKPUTI TEPMOAUHAMIYHI CUCTEMH.

BioTexHonoriuHa KOHIENLIsl PO3BMBAE YSBIEHHS IPO OIOXIMi4HI PpI3HOMaHITTA Ta
IH/IUBITyaJIbHICT,  OIOTCOLICHO3IB HA OCHOBI TPHUPOJHUX TEXHOJOTiH, TOOTO IEBHUX
TOCTIZIOBHUX SIBHII 1 TIPOLECIB TPOJYLIOBAHHS, CHHTE3y Ta PECHHTE3y OpraHIYHUX i
HEOPraHIYHUX CIIONYK OpraHi3MaMy PIi3HMX IapCTB JKMUBOI NMPUPOAM B TIPOLIECI KUTTA Ta
TIOCMEPTHOTO PO3KJIAaHHsI. B pi3HUX, i B TAaKCOHOMIYHO Ta EKOMOP(IYHO OIM3BKUX
OioreoreHo3ax, akCiOMATUYHO CIPUHHSATINBUAMH € Pi3Hi CIiBBiTHOMICHHS YHCEIFHOCTI Pi3HIX
TPYI OpraHi3MiB, CTaHIB IXHIX JKUTTEISUIBHOCTI, OIOXIMIYHOI aKTHBHOCTI IIOJ0 YTBOPCHHS
0iOXIMIYHMX CIOJNYK BHYTPIIHHOOPTAaHI3SMEHHOTO TpPHU3HAYEHHA Ta  IPOIYIFOBAaHHS
ex3zomerabomiTiB. Lle 6e33amepedro BinoOpaxkae 0iOXIMIUHY iHIMBITyaTbHICTH 010TEOIEHO3IB,
aJre TOKH 1110 € SIKICHO Ta KUTBKICHO CKJIAJJHO YJIOBHUM Ta BiIyTHHUM.

bionoriuni TexHOJNOrii OIOTMYHOTO Ta HEKPOTUYHOTO THIY, TOOTO YTBOpPEHHs
OpraHi3MaM pi3HHX LAPCTB JKMBOI NPHPOAM B IpOLEcax KUTTA Ta MOCMEPTHOTO
PO3KJIaJIaHHs PCEUYOBHH PIi3HOT OI0JNOTIYHOT Ta EKOJIOTIYHOI 3HAYYIIOCTI, 3a0e3reuye
moOyIOBY CIIEIU(IYHOTO JJIS KOXKHOTO 0i0reoreHo3y 0ioXiMidYHOTO cepeaoBuIia. BoHO
(opmyeTbCcst  OpraHi3MamHM pi3HMX IIAPCTB  JKMUBOI MNPHUPOAM 3  IHAMBIAYaJbHUMH,
VHIKQIbHUMH TCHOTHIIAMH Ta OiOXIMIYHOIO aKTHUBHICTIO 1 HEOJHO3HAYHO XapaKTCPH3ye
KOKHUH Oioreomeno3. Otxke, 0ioXiMiYHA iHOWBIAyalbHICTE OiOTCOICHO3IB JO3BOISE, B
FOMY IDIaHI, CIIPUMMATH ifel OpraHi3Mi3My, pO3TiamaTH OiOTCONCHOTHYHHA MOKPHUB SIK
OioximMiuHy Mo3aiky Omm3pkux 1 BigganeHux  OiOXIMIYHMX  OAWHHUIF  HOTO
JdepeHIiiioBaHoCTi, a BCO Olocdepy — SK KOMIUIEKC TaKMX MO3aik. PyxomicTh JIeTKHX
peUoBHH Oi10XIMIYHOTO CEpENOBHINA CKJIAJa€ OIHY 3 OCOOJMBOCTEH BHYTPIIIHBO Ta
MikOioreoneHoTHYHUX 3B’s13KiB. Cyma OI0JIOTIYHMX TEXHOJOrid y OioreorneHosi e
IHTErpaTUBHOIO, TOMY IO iXHE CKiIaAaHHs 3a0e3neuye HOBUil sIKiICHUH edeKT 1 OioXiMiuHy
cneuudivnicte. I[Ipupoani OiosoriuHi TEXHOJOTIi OpraHi3aMiB pi3HHX LAPCTB KUBOI
npupoy 3a0e3nedyoTh (POPMYBaHHS >KUBWIBHHUX IOTOKIB PI3HMX XIMIUYHHMX CIIONYK 1
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OpraHi3MiB, BKJIOYAlOYM HEOOIOTCHHI pPEYOBHHH TIPH TIOCMEPTHOMY pPO3KIaJaHHI
OpTaHIYHHAX PEIITOK i 3MiHU Y O10KOCHUX 1 KOCHUX TiJIaXx 0i0reoIeHo3y.

bioreoxiMiuHa KOHIEIIis IMOSICHIOE Poib 1 (GYHKIIT OioreoneHo3iB y OioreHHin
Mirpariii XiMiYHHX EJIeMEHTIB 1 OioreoXiMiuHMX IuKIax. JKuBi OpraHi3Mu B 0i0reoneH03ax
BUKOHYIOTh T'eOJIOTiYHI (YHKIII B mpolecax 1 SBUIIAX MEXaHIYHOrO TMepeMilleHHs
PCUYOBHMH, XIMIYHUX €JIEMEHTIB, a TAKOX I'eoXiMiuHI QyHKLIT 11010 BUKOPUCTAHHS XIMIYHUX
CJIEMCHTIB I TMOOYMOBH CBOIX TiJ, JKATTENISUIBHOCTI Ta XIMIYHOTO PO3KIIaJaHHI
OpraHiyHMX pEITOK, (OpMyBaHHS HEOOIOTeHHOI pPEYOBMHH, MiHepamizamii Ta 3MiH Yy
010KOCHMX 1 KOCHHX Tinax Oioreonenody. «Buxpi xutrsa» XK. Kiose Ta K. bepa abo xwua
pevoBMHA SK CYKyHHICTh opraHi3miB (Vernadsky, 1926) 3axormiroroTs i 30epiraroTs y codi
MiJbiOHH pOKiB (3akoH OepexumBocti K. bepa) ximiuHi enemeHTH (Ta, BHOIpKOBO, IXHI
130TOITH 3a CYYacCHWUM PO3YMiHHsM). XIMIUHI CIIEMEHTH B OiOT€OIEHO3aX 3aTydaroThbCs B
MUKTYHI  OloreoxiMiuHi TpomecH BiA MiHEpalmbHOTO CcTaHy /g0 OaraTtopa3oBoro,
BHOIPKOBOTO BXO/DKEHHS B CKIJIAJ] TUT )KMBHX OpraHi3MiB. bioreoxiMiuHi UKIM Ta30BOTO Ta
0CaJOBOTO THIIB HE € 3aMKHEHHMH Ha OXWH OioreoreHo3. BoHm mpsMo 49u HeEmpsMo
3aXOIUTIOIOTh CYMDKHI OiOreoIleHO3M a00 YacTHHU OiOreOleHOTHYHOrO MOKpHBY. [lpu
bOMY OIOreoleHO3H MOXYTh BHUKOHYBaTH (YHKUII OioreoximMiuyHux Oap’epiB, KOJIU
6ioTH4HI, 010KOCHI, O10re€HHI Ta KOCHI IXHI CKJIaIOBI 3aTPUMYIOTh PyX XIMIUYHHX €JIEMEHTIB
YM «IPOCIIOIOTH» iX 3a PaXyHOK CBO€i BHOIPKOBOI 37aTHOCTI O TOIVIMHAHHS Ta
KOHIICHTPYBaHHs. B 1ipoMy € crierudiui mposiBu Mixk0i0TCOIEHOTHYHUX 3B’ SI3KiB.

CrepeoMeTpryHa KOHIICMIIS PO3BHBAE MOTJSAM Ha OiOTCOLCHO3H SK OCOOJHUBI
MPUPOIHI Tila HEBH3HAUCHOI TPOCTOPOBOI GopMH Ta 00’€My, IO CKJIaNaloTh
0lOTCOIICHOTHYHNI TOKPUB 1 MAlOTh CKIAJHI TMiI3eMHY Ta HAJ3eMHY Tororpadigsi
nmoBepxHi. EmemeHTH Ta KOMIOHEHTH OiOT€OIEeHO3iB MAaroTh 00 €MHHH MPOCTOPOBUI
XapakTep i BKJIAJIeHI B HUX Y HEBU3HAYECHO BEIMKUX YHCEIBHOCTAX, 00’ eMax i ¢popmax. Bin
YIBTPaMiKPOCKOIIYHMX, PI3HOMAHITHHX (OpPM MOJEKyn BipyCiB 110 Merapo3MmipiB (y
METpax 1 JeCATKaX METPIB) yCi KOMIIOHCHTH Ta CJIEMEHTH OIOreOIEHO3iB, K MPOCTOPOBI
TiJNla, B CBOIM MHOXHHHOCTI SIKICHO Ta KUIBKICHO OKpecJieHi. bioreoleHoTHYHHH TOKPHB
perioHabHO Ta 30HAIBHO XaOTHYHO OpraHi3oBaHMi OloleH03aMu pi3HHX (opM, 00’eMiB i
po3MipHocTeil. Ycs Oiocepa, sSK NpHUpORHE TijIo, OOBOJIKAaE IUIAHETY Y BEIMKOMY
PI3HOMaHITTI TiN, SIKUMHU € OiloreoneHo3n. @opmu, 00’eMu 1 PO3MIpH TiJ, SIKI BXOAATH y
cKiax 0ioreoleH03iB 1 caMuX OiOreoleHO03iB € aJalTHBHO BHBIPEHUMH Ta EKOJIOTIYHO
JMOUUTHPHUMH JUIA 3a0E3MECUCHHS IXHBOTO CTaOLTBHOTO iCHYBaHHS, (DYHKIIIOHYBaHHS Ta
po3BUTKY. B Mekax mi€i KOHIEMII mapIend po3TIsLAaloThCsS SK 00°€MHi, MPOCTOPOBI
BUIITH 010TE€OICHO3iB, a EKOTOHOTOIM — SK MapIeNd, Mo iX o0misMoByioTh (Shanda L.,
2006). CyTTeBO Ba)JIMBHM € BCTAHOBJICHHSI MPOCTOPOBOT KOH(Iryparii ta opieHTauii Tina
6ioreoreHo3y 3a YaCTHUHAMH CBITY.

['eonoriyay KOHIEMITII0O MU PO3TIIAEMO SK TaKy, CTAaHOBJICHHS SKOI IOB’S3aHE 3
BUSIBJICHHSIM Ta OCMHCIICHHSM BIUIMBY TipCBKHUX, MAaTEPHUHCBKUX, MIJICTHIAIOUYHX,
IPYHTOYTBOPIOIOUMX TIOPiA, TIAPOJIOTIYHMX YMOB (30KpeMa INIMOWHHMX) 1 3aJIsiraHHs Ta
XIMi3My I'PyHTOBHX BOJ| Ha 010r€01IeHO3H.

bioreorpadiyna koHuenmis € oOcHOBOIW reorpadiynoi Oioreonenosnorii. Bona
00’elHy€e YSBIIGHHS TIPO TIOIIMPEHHs OIOreoleHo3iB, IXHIM po3moaia y mpocTopi,
PO3MEKyBaHHS Ha TIOBEPXHI 3eMIIi OKPEMHUX BHUILIIB Oi0TCOIEHOTHIHOTO TTOKPUBY Ta iXHIO
CTPYKTYpPY Ha (OHI pi3HUX (Pi3uKO-TreorpadigHIX YMOB IIAHETH.

I'eomopdororiyaa KOHIIENIIisI pO3BUBAE Ta TOEAHYE YSABICHHS PO TeoMOPQOIOTIuHI
3aJIe)KHOCTI 010T€0IeH031B, 30KpeMa BIDIHBIB GOpM i 0coOIMBOCTEH penbedy Ha CKIam,
OynoBy, (yHKIIIOHYBaHHS, PO3BHUTOK, JIIHIHHI pO3MipH, MPOTSDKHICTH 0i0T€ONeH03IB, IXHE
pO3MiIeHHs, MIaHIMETPUYHI TMPOEKIii, Opi€HTAIlif0 32 YaCTHUHAMH CBITY, IOJIOKCHHSA
I10JI0 COHSIYHOT'O OCBITJICHHS, BKJIIOYAIOYH EKCIIO3HIIII0 Ta KPYTU3HY CXHJIIB.

I'eHeTnvHa KOHIIEIIIisSE O10TCOICHOJIONT MOEIHYE MOMISAAN Ha OI0TCOICHO3M K apeHU
MEPBUHHUX €BOJIIOLIHHKX IepeTBopeHb (Schmalhausen, 1969), MikpoeBOMIOIIMHUX SIBUIL i
MPOILIECIB y MOMYJISALISIX OPraHi3MiB YCiX IapCTB KMBOI NPUPOAN 3 BIJIIOBIJHUMH IIPOSBAMHU
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MyTaliid,feHeTHYHIM Aperi()oM, 3MiHAMH YacTOT TEHOTHIIIB 1 CeNeKUifHOT MIHHOCTI aeiB,
SIBUI TpaHCTE€HO3y (TpaHCdopmarii, TpaHCAyKmii Tomo) Ha (OHI IEHOTHYHHX YMOB.
BHyTpimmHBO 1 MiXKOIOTEOIICHOTHYHI 3B’SI3KH, ABUINA OI0THYHOI MPHPOAN MOXKYThH MISTH SIK
MyTareHd, YHMHHHUKU (eHokomid, Mop¢o3iB 1 azantuBHUX Moaubikamiil. ['eHernuHa
KOHIICTIIIiS 3aTI0YaTKOBAHA B TIpallsiXx 0araThb0X BUCHHX, MOTPEOYE MOMANBIIOT TEOPETH3AIIIT Ta
NPaKTUYHHUX JOCTI/PKEHb Ha CTBOPEHHS JOKa30BOW 0a3u s NOEIHAHHS 3 CYYacHOIO
CHHTETHYHOIO TEOPI€I0 €BOJIIOLIT SIK HA OCHOBI TUXO-, TaK 1 HOMOTCHE3Y.

ApanranioreHe3rcHa KOHIEIIS 3aXOIUII0E€ HE TUIBKA OCMUCIIEHHS 010re€0l€HO31B SIK
MOJIIB NMPHUCTOCYBAJILHUX 3MiH opraHi3mis (azanramiomop¢osis, 3a 1. 1. IlImansraysenom
(Schmalhausen 1969)), ane BH3HaYae OIOT€OIEHO3M SK OO0’€KTH CHUCTEMHHX
MPUCTOCYBAIbHUX SBHII 1 TporeciB (amanTo0ioreoreHoreHe3y), CIpPSMOBaHUX Ha
3a0e3MeUeHHsT CTIHKOCTI 0Ii0T€OIeH03IB 3aBASAKH B3a€EMHOMY KOPETYBaHHIO 3MiH CKIIANy,
OynoBH, 3B’A3KiB NpH iXHIX BHYTPIIIHBO- Ta MDKOIOTCONEHOTHYHHX mposiBax. Lls
KOHIICTIIIiSl CIIPSIMOBaHa Ha 3B’ SI3KM 3 CYYaCHOIO CHHTETUYHOIO TEOPIET0 SBOJIIOII].

EBosnroiiiHa KOHIEMISE BKIIIOYA€E JBA HATPSAMH TEOPETHUYHOTO OCMUCICHHS PO3BHUTKY
0ioreorieHO3IB y yaci: 1) HeOreHe3UCHMI, CTOCOBHO Cy4acHOT0, KOJIHMIIIHBOTO (10 COTEHb 1 THCSY
POKIB) 1 TPOTHO30BAaHOTO MaHOYyTHROrO CTaHIB OloreoreHo3iB y ixHix 3MiHax; 2)
naneoreHe3ncHuil  ((iIOLEHOreHe3NCHUI) B PETPOCHEKTHBI MUIBHOHIB POKIB Ha OCHOBI
TeOXPOHOJIOTTYHIX, MaIe00i0oriYHIX, 3/1eOUIBIIOr0 HEJOCTaTHEO iH(QOPMATUBHUX JAaHUX, SKi
MO>KHA TIOTIOBHIOBATH Ta MOEAHYBATH IIPY €KCTPAIONISIi OCSHKHUX MUHYJINX 1 Cy4acHHX OITHCIB.

ExcnepuMenTanbHa 6i0reoneHoIoris € Mi3HaBAIEHAM HAIPSIMOM, LIOJI0 3’sICYBaHHS CyTi
TUX abo IHIMX SIBHII 1 TIPOIIECIB MPH OpraHi3allii, CTBOPECHHI, peai3amil KOHTPOIBOBAHUX i
KEepOBaHHX YMOB 3 PI3HOMAaHITHHMH 3MiHaMH B 0ioIeHO3ax, 0i0KOCHMX, OIOT€HHUX 1 KOCHHX
TUax. Y  IIHPOKHX  3arajbHO-Ol0NOriYHOMY Ta  OIOTEOLCHOJOTIYHOMY  IUIAHAX
eKCTIepUMEHTaNIbHA 010TEOIIEHOIOTS BKIIFOYa€ OCMHUCIICHHS: 1) pi3HOMACIITaOHUX MPUPOIHUX
nepe0yIoB y 6i0reoneHOTHIHOMY MOKPHBI IPH aHOMAJIISAX KITIMAaTy, IPHPOIHHUX KaTtacTpodax
TOIIO, & TAKOX IPU EBOJIOLII JiaHAmadTiB, OpPraHi3MiB 1 NMPH HECTPUMHOMY MOIIMPEHH]
OpraHi3MIB y HacIlJJOK po3TikaHHs >K1BOi peuoBrHH 3a B. I. Bepnancekum (Vernadsky, 1926)
abo HarecTb, HaBai opranizmis 3a Y. Enronom (Elton, 1965), Bkitodaroun pocivHH, TBAPUHH,
rpubu, Oaxrepii, Bipycy; 2) IHTPOIYKIIi OpraHi3MiB, TOOTO TIEPEHECEHHI X JIIOIMHOIO 3 MiCIlb
TIPHPOJTHOTO ICHYBaHHS B HOBI cepeioBHa (0ioreoneHosm).

ExcriepumenTanbHa 0i0r€OLEHONOTISE Ma€ TaKOXK PO3IVIANATHCS SIK KOHCTPYKTHBHA, IO
3a0e3Medye CTBOPEHHS Ta BUKOPHCTAaHHS KyJBTYp OiOTe€OICHO3IB i arpo0ioreorieHO3iB y pi3HIX
iXHIX BapiaHTaX, SKi CYTHICHI i1 BHPOOHHITBA POCIMHHOI TPOAYKILi, (iTocaHartii,
(hitoMermiopartii, 3aJ0BOJICHHSI €CTETHYHUX TOTPeO 1 JYyXOBHOTO PO3BUTKY JOmeH. Teopis Ta
MPaKTHKa BTPYYaHHS JIOIWHU B 010T€OIIEHO3HM M€ iCTOPHUYHI KOPEHi Ta HEOCSDKHI IEPCIIeKTHUBH.

Imei xibGepHeTnunoi koHmenmii Oioreomenornorii pos3BuBaB [. 1. IlImaneraysen
(Schmalhausen, 1922). O. M. Kommoropos (Kolmogorov, 1959) Bu3na4gaB KiOepHETHKY, K
HayKy IpO CHUCTeMH OyIb-iKOi NMPUPOMM, 3IATHUX CIpHiMarH, 30epiraTv, nepepodssTu
iHpopMallif0 i BHKOPUCTOBYBaTH 1i [y ynpamiiHHa Ta perymsigil. KibepHernyna
KOHIICTII[iS BU3HAYAETHCS PO3YMIHHIM OIOT€OIICHO3IB K CKIAJHUX KIOCPHETHUHUX CUCTEM,
SKMM BIIacTHBI; 1) 1eBHa aBTOHOMHICTH 1 B3aeMojii 3 IHIIMMY; 2) HEeBH3HAYEHI B CBOIH
CyTi, YHMCENBHOCTI, I€papXiYHOCTI MHOXXKHHHM BEJIMKOTO pPI3HOMAHITTS, 3 SKICHUMH Ta
KUTPKICHUMH BiJIMiHHOCTSIMH €JIEMEHTIB, KOMIIOHCHTIB, SBHII, MPOIECIB 1 3B’s3KIB Mik
HUMI; 3) pi3HOMAacmTabHa IPOCTOPOBO-4acOBa JHHAMIYHICTB, Pi3HI MEPEUTKOJOCTIHKICTD 1
CaMOperyJloBaHHS Ha 0araTo3yMOBICHHX 3acajaXx Ipud 30ypIOIOYMX  BIUIMBAX;
4) romeoctaTnuHiCTh. OpraHi30BaHICTh 0iOTEOICHO3IB CYIIJIBHO MOKPUBAETHCS JTAHIFOTaMH
Ta CITAMH B3a€MOOOYMOBIICHOTO iCHyBaHHS. JIaHIIOTH Ta CiTi XapaKTepU3yIOThCS PiI3HUMH
PIBHAMH Mac-CHEPreTHYHHX, iH(POPMAIifHUX €MHOCTeH cBoix maHOK. KibepHernuna
KOHIICTILIiS MOXKe OYTH BUpa)keHA B OJIOK-CXeMaX KOKHOTO THITY 3B’S3KiB, SIBHII] 1 TIPOIICCIB.

Konuenuii 6GioreoueHonorii, HaBeAeHI B IepHIOMY HaOJIMKEHI, MOXYTh OyTH
YTOYHEHI, pO3IIMPEHIi, IHTErpoBaHi B ii MeTomoyorii. B Mexax i MiX KOHICHINSIMUA
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JOLITBHO 1 MOBUIBHO MOXYTH OYTH OKpECHeHI HIMPOKi KoJa TEOPETHYHHX IMpoOiIeM i
HaIIpsIMiB IOIIYKOBUX TEOPETUYHHX, IPAKTHYHUX 1 IPUKIAJHUX JOCIiKEHb.

3 mnosuiii Qigocodcrkoi Ta 3aralbHOHAYKOBOI METOJOJIOriT B OIOreoleHoIIoril,
BiAmoBiaHO yseiaeHHsM B. 1. Bepuancekoro (Vernadsky, 1926) mpo ckiajn 6iochepu, MokHa
BUJIIUTUTH y3araJlbHIOOYi TEOPETHYHI MPOOJIEeMH, CTOCOBHO CKJIA[alouuX O10reoleHO03 Till
(abo KOMITOHEHTIB):Teopito OioTHyHOro Tifa (OIONEHO3Y), SK aHAJIOra JKUBOI PEUOBHHH,
Teopito OlOKOCHMX TuT (aTMocdepu, TpyHTY), Teopito OloreHHux TN (maueo- Ta
HE0010reHHOr0), TEOpit0 KOCHOTO Tijla (MiJCTHIAa040i MaTepHHCHKOI MOPOJH) B MeXax ii
BUKOPHCTAHHS Ta 3MiH >KMBMMH opraHizMamu. CymipSIHUMH y MeXaxX KOXHOI Teopil €
Teopii ckmamy, OymOBH, 3B’S3KiB, (YHKI[IOHYBAaHHS, PO3BHUTKY, €BONIOIil. HaiOimbm
Hepen6auyBaHOIO i MEBHOIO MipOI0 OMpaIboBAHOIO € Teopist GioreoneHosy. Ii mpobaemaruka
OKpeclicHa HaMH Yy BHM3HAa4YeHHAX (yHKIiN OioreoreHo3y, KOHIEMNIil OioreomeHonorii Ta
MoOXke OyTH JIOTIOBHEHA Pi3HOCIPSIMOBaHO. BOHa MOXeE IMEepIIoueproBO pO3risimaTucs B il
CyTHICHOMY (IIOA0 CKIazy), PyHKIIOHATHHOMY Ta AMHAMIYHOMY acIeKTax.

B po3Butky Teopii Ta MpaKTHYHUX JOCHIIHKEHb Oi0TeOleHOJOoril MOXYTh OyTH
HaBeJCHI pi3HOMAcCIITaOHI MPOOIEMH Pi3HOT JOCSHKHOCTI Ta MOXKJIMBOCTECH PO3B’s3aHHS,
BKJIFOUAIOYH Ti, 1[0 CTABJIATHCS ITiJi CyMHIB Ha PiBHI Cy4acHOr0 MUCJICHHS. TakuM € nanexko
HEMOBHUI peecTp mpoOjeM, CIIOBHEHMH po30KHOCTEH 1 pi3HOOOI  BHACHIJOK
HecyMicHOCTeH B 00’emax 1 HampsiMax. B Mexax momiOHMX peecTpiB BHOIPKOBO MOXHA
BUJIIIMTH Taki npoOiemu: 1) cydacHHWH, peTpo- i MepCreKTHBHUM (IPOTHO3HMH) aHaui3
CTaHy 1 pO3BUTKY O0i0TeoleHO03iB; 2) CTBOPEHHS Ta YCKJIAAHEHHS THIOJOTIYHUX
MEPIOINYHAX CHUCTEM Yy TEopiAx CKiamy, OyHoBH, (YHKIIIOHYBaHHS, PO3BHTKY
0ioTeoIIeHO3IB 3a 3pa3KaMH TUIIOJIOTIYHUX MepioAnIHuX cucTeM mapren (Shanda L., 2006)
ta exojoriuamx Him (Shanda V., 2013), B ToMy wumchal [ui yTOYHEHHS iXHBOI
iHpopMaIiiHOT €eMHOCTI; 3) BUALICHHS B OlOr€OIEHOTHYHOMY MOKPHUBI MPU TeWTEHO- Ta
TOJIOTeHEe31 CYKIECIHHMX  pPO3WICHOBAHMX CHCTEM, TOOTO TIpym OioreoreHo3iB, sKi
3HaXOIAThCs Ha pi3HMX (azax 1 cramisx cykueciif; 4) 3’scyBaHHS Ta YTOYHEHHS
opranizaniiHol Ta (yHKIIOHAJIBHOT 3HAYYIIOCTI KOMIIOHEHTIB 1 €IEeMEHTIB 0i0reoneHo3y
010 TXHBOTO BHECKY B peaii3alilo Horo (QYHKUIH SIK CHCTEeMH 3 PI3HHMH PiBHAMHU
IUTICHOCTI 1 CYMAaTHBHOCTI; 5) OCMHCIICHHS B3a€MOJIMl MK TilaMH Ta B MEXaxX T,
CKJIafaloyux OloreoneHo3; 6) pgeramizamito TPO(MIYHMX JIAHIIOTIB  (TTACOBHUIIHOTO,
JIETPUTHOTO Ta KOMOIHOBAHOI'O THIIIB) Ta IXHIMH KUIBKICHUMHM Ta Mac-€HepreTHYHUMHU
MOKa3HUKaMH; 7) TOOYAOBY pi3HUX BapiaHTIB TIMOTETHYHUX CXeM 0iOTCOIEHO31B Y MUHYIL
Ta CydYacHY TeOJIOTiUHI emoxH; §) OpraHi3oBaHICTh OIOTCOIEHO3IB Yy MeXKaX KOXKHOTO
[apcTBa JKUBOI TPHUPOMAHU, IO HOTO CKIAJArOTh, 9)KUTBbKICHI XapaKTepUCTHKH (DyHKITii
Oioreormenody Ta ioro ckinamoBux; 10) BH3HAYEHHS MapaMeTpPiB EKOJOTIYHUX HIIl
OioyOTiYHMX BUAIB y CTATHII Ta AWHaMmimi; 11) 3’scyBaHHS Mac-eHEpPreTH4YHOI, KiUTbKiCHOT
Ta iHpopMamiifHOI eMHOCTEH O0iOT€OIleHO3IB Ha PI3HUX CTadisX iXHBOTO PO3BHUTKY Ta B
30HaJIbHUX 1 JIOKAJIbHUX BHUIIaX 0i0r€0IIEHOTHYHOTO OKPHUBY B3araii; 12) maremarnyHe,
KiOepHeTMYHE Ta TpeJAMETHE MOJECIIOBaHHS SBHII 1 MpPOIECiB  0i0reoleHosy;
13) napuenspuuii anamiz  OioreonenosiB; 14) O0IOreolEHOTHYHY 3YMOBJEHICTh
MIKPOEBOJIIOIIMHUX SIBULI 1 TIpoOLieciB; 15) ocMuCIeHHS napled sK iHinianeil nepeTBopeHs B
peTpo- Ta mepcrekTrBax 0ioreoneHosis; 16) mociipKeHHs mapien K (GakTopiB HEHOXOopii;
17) cykueciiftHu#i aHani3 OiOT€OICHOTHYHOTO TOKPHBY 3 BH3HA4YCHHAM (a3 1 cTamiit
cykueciit; 18) mopiBHIHHSI eKOMOP(ITHOI €EMHOCTI HAHOUIBII MOITUPEHUX POTUH KBITKOBHX
POCIHH TSl pETPOCTIEKTUBHOTO aHaNi3y 0iOTEOIEeHO3IB i MEePCIeKTUBHOTO MTPOTHO3yBAaHHS;
19) po3pobky, anpoOariiro Ta peamizamiio eKCIIEPUMEHTAIBPHUX CYKIECiH A omTuMi3ariii
6ioreoreHo3iB 1 BCbOro 06i0reoreHOTHYHOTO MOKpHBY; 20) CTBOpEHHS 0i0r€0neHOIOTiHHOT
iH(popMaTuKn 3 BUKOpUCTaHHIM EOM.

IMocrasneni npobsieMu € 3 mependadyyBaHHMH Ta HemepeadauyBaHUMHU HACHIIKAMU
IXHBOTO PI3HOCTYIIEHEBOTO PO3B’I3aHHS.

3aranom, npoOiieMaTHkKa 010TeOLeHOJIOrI] JajJeKo HENOBHO IMOKpUBAa€E yci mois ii
TEOPETHYHHUX MOUIYKIB 1 MPAaKTHYHHUX IOCI/DKEHb Y OCSDKHHMX 1 HEOCSHKHHUX CY4acHHX
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CTaHax, peTpo- i mepcrekTuBax. KoHmenmii Ta mpoOiemMu GiOreoneHoorii, BU3HAUCH] B

nepuoMy  HaONMKeHH,

JO3BOJSIFOTh 11 OUQpepeHIioBaTy Ha:

1) Teopernuny Ta

MaTeMaTH4Hy, [0 OMNPAaIbOBYE TEOPil0, METOJOJOTiI0, MaTeMaTHYHe Ta KiOepHeTHYHE

MO/ICTIFOBaHHS;
OioreorpaiuHy, €BOJIOLIAHY TOIIO);
IHTpa30HAILHUX THIIIB 010TEOICHO31B).

2) 3aranbHy ((QakropiaibHy,

010TEXHOJIOTIUHY,
30HANBHUX Ta

TpoOeHEPreTUYHY,
crieriaibHy  (CTOCOBHO

BUCHOBKU

1. BioreoreHosioris, sIKk Hayka, 3HaXOAUTHCS B CTail po30ya0BHU, NU()EPEHITIIOBAHHS,
MOTJIMOJIEHHST METO/I0JIOTIT Ta TEOPETUIHOTO OaueHHSI.
2. BucsimieHi KoHUemuii Ta NpoOJIeMH ITIOCTPYIOTh, Y HEpIIOMYy HaOIMXKEHH,

CKJIAHICTh O10r€OLE€HOIIOT].

3. bioreomeHo3n, K eIeMEHTapHI CTPYKTYpHO-(QyHKIiOHANBHI omuHMLI Oiochepw,
cnennivHO KOMmiFOI0Th (DYHKIIIT XKIBOi pedoBrHM 3a B. . BepHagcekmm.

4. bioreoneHo3u € CKIaIHUMH KibepHeTHIHUME crcTeMamu 32 1. 1. [llmanerayzenom
3 BIIACTUBHMH iM MepeKaMH 3B’S3KiB 0araTo3yMOBIEHOTO B3a€EMOICHYBaHHS, PETryJIIOBaHHS
Ta 3a0e3MeYeHHs! aAanTaliif, MikpOEBOJIOLIHHHUX SBHUII 1 TPOIIECIB.
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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 (¢;) and amount of precipitation per ten-day periods (#;) 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 /¢ 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

O=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: W, = at’/ L.
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Therefore, criterion W,,,. 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), 4. ginnala
(47,2 mm). Low values of W,,,. obtained for A. pseudoplatanus (11,4 mm), A. monspessulanum (17,4
MmM) 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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KONMMYECTBEHHAA OLIEHKA BNUAHUA TMOPOTEPMUYECKUX
®AKTOPOB HA BO[HbI OBMEH APEBECHbIX PACTEHUA POOA ACER L.
B YCNOBUSAX CTEMHOW 30HbI

AHHoTammsi. PaccMOTpPeHBl BO3MOXKHOCTH HCIOJNB30BAaHMSI aHAJMTHYECKOTO MOAXOJa B
pELICHNH 3aayll KOJMYECTBEHHOM OLICHKH 3aBHCHUMOCTH OBOJHEHHOCTH JIUCTHEB OT TEMIIEpaTyphl U
KOJIMYECTBa OCAIKOB Ha NpuUMepe HHTpoaynupoBaHHBIX B CremHoe [IpumHenpoBbe IpeBECHBIX
pactenuii poma Acer L. Ilomydensl 3HadeHHst MOKa3aTeNns W, — KOJMYECTBA OCAIKOB (MM),
HEO00XOMMOT0 JIISI HOPMAJIBHOTO (D)YHKIIMOHUPOBAHUS BHJOB JAPEBECHO-KYCTapPHUKOBBIX PACTCHUI B
YCIIOBHAX TEMIIEPATypHOTO PEKMMa BETETAL[IOHHOTO TEPHOMA. YCTAHOBJICHA CBS3b PACCUUTAHHBIX
KPUTEPHEB C 3aCyXOyCTOHYMBOCTBIO pAaCTEHHWH, YTO IIO3BOJISIET IIPOTHOZUPOBATH PEAKIHUI0
HUHTPOJYLICHTOB Ha CTPECCOBBIE YCIOBHS IPOU3PACTAHUSL.

Knrwouesvie cnosa: 600Hbill pedtcum, 3ACyX0ycmouuu8ocms, uopomepmudeckue @Gaxkmopul,
HeluHeliHas pespeccus, Opesechble UHMPOOYYEHMbl, CINEenHAs 30HA.
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KINbKICHA OUIHKA BIIUBY NAoPOTEPMIHYHUX ®AKTOPIB
HA BOOHWIA OBMIH OEPEBHUX POCNUH POAY ACER L.
B YMOBAX CTENOBOI 30HU

AHoTanisi. Po3risiHyTO MOXKIMBOCTI BUKOPHCTaHHS aHATITHYHOTO MiXOy Y BUpILICHHI 3a1a4
KiJIbKICHOT OILIIHKH 3aJIe)KHOCTI OBOJHEHOCTI JIMCTS BiJi TeMIEpaTypu i CyMH OMajiB Ha MPHKIafIi
inTponykoBanux y Cremose [IpuaHinpoB’s pepeBHUX pociuH poxy Acer L. Po3paxoBaHO 3HaYeHHS
TOKa3HUKA W oerp, — KUIBKOCTI BOJIOrM (MM), HEOOXiaHO IJIs HOPMAalbHOro (YHKIIOHYBaHHS
OKpEMHUX BHJIB JEPCBHO-YArapHUKOBHX POCIMH B YMOBaxX IEBHOTO TEMIIEPaTypHOTO pPEXUMY
BereTamiiHoro mnepiony. BeTaHOBIIEHO 3B’ 30K PO3PaXOBAaHUX KPHUTEPIiB 3 MOCYXOCTIHKICTIO POCIHH,
IO JO3BOJISIE MPOTHO3YBATH PEaKIilo IHTPOIYIEHTIB HA CTPECOBI YMOBH 3POCTaHHSL.

Knrouosi cnosa: 6o0nuii pedicum, nocyxocmitkicme, 2iOpomepmiuni Gaxmopu, HeniHiuHa
peepecis, 0epesHi iHmpooyyeHmu, cmenosa 30Ha.
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BCTYN

I'pyHTOBO-KIJIIMaTH4HI YMOBH CTEIIOBOI 30HU MPU3BOIATH 1O (OPMYBaHHS OCOOIMBUX
3a CBOEIO CTPYKTYpOIO Ta 010€KOJIOTii POCIMHHMX YIPYIOBaHb, cepell SKUX IepeBaXkatoTh
kcepoibHI  TpaB’sHUCTI pociuHd. JlicoBa POCIHHHICTE 3HAXOMUTBCA y  TEBHIHM
reorpaiyHiii HEBIAMOBIAHOCTI JO €KOJOTIYHMX YMOB THIIOBHX JUIS CTENOBOi 30HH
IUIAKOPHUX ~MICLE3pOCTaHb, KpIM OKPEeMHX IHTPa3OHAIBHUX e4adoTOmiB 31 CBOIMH
MIKpOKITIMaTHuHUMH 1 epadiyanmu ocodmmBocTamu (Belgard, 1950). CrBopeHHs mTydYHHX
JePeBHUX HACa/DKCHb y CTEIOBIM 30HI CTHKA€THCA 3 IEBHUMH CKIQJHOCTIMH, CEepel SKHX
BUIUIAETHCS Tpo0IeMa HalOLTBII ONTHMAIFHOTO BAIOBOTO i (JOPMOBOTO CKIIAIY NEPEBHUX 1
YarapHUKOBHX IOPiJ, TOTIMOIEHOTO BUBYEHHS OI0JOTIYHUX Ta €KOJOTIYHHMX BIACTUBOCTEH
POCIHH, B33a€MOBIUTMBY a0IlOTHYHUX Ta (ITOHEHOTHYHHX (DAKTOpIB HA CTIHKICTH POCIHMH
(Visotski, 1983).

3 MEeTOI0 CTBOPEHHS JOBTOBIYHUX 1 MPOAYKTUBHUX MITyYHHX HACAIKEHb y CTETOBIH
30Hi, OKpIM aOOpPHIeHHUX BUWJIB 3aJy4alOThCs JESKi IHTPOJIYKOBaHI IMOPOAM 3 IHIIMX
NPUPOJHHUX apeaiiB, sKi 32 CBOIMH €KOJIOTIYHMMH BHUMOTaMH HE 3aBXKAM BIANOBIIAIOTH
IPYHTOBO-KJIIMaTHYHUM yMOBaM paiioHy intpoxnykuii (Lo Gullo et al., 2003; Rossi L. et al.,
2013). VYV BenMKMX INTyYHHX JICOBMX MacuMBax IOpsi 3 MICHEBUMH IOpOJaMHU
BUKOPHCTOBYIOTbCSI M IHTpOJYyKOBaHi, Taki sk Robinia pseudoacacia L., Caragana
arborescens Lam., Fraxinus lanceolata Borkh., Gleditsia triacanthos L., Juniperus
virginiana L., Pinus pallasiana D.Don. BaxnuBy pollb B TaKHX HACa/PKCHHSX BiIIrparoTh
BUAM KJICHIB, cepell SKMX HaiOimbim mommpeHi A. platanoides L., A. pseudoplatanus L.,
A. campestre L., A. tataricum L. Pixg Acer L. xapakTepu3y€Tbcs BEIHKHUM BHIOBHUM i
(hOpMOBHM DI3HOMAHITTSIM Ta HIMPOKOIO exojorivnor ammiityaow (Kohno, 1968, 1982),
npoTe OUTBIICT KIEHIB y paiOHAaX TPHPOTHOTO 3POCTaHHSA NPUYPOUECHI IO YMOB
MOMIPHOTO Ta JIOCUTh BOJIOTOT'O KJIIMaTy, TOOTO MaroTh Me30(iTHI BJIaCTHBOCTI, i B paiioHi
IHTPOAYKIIT XapaKTepHU3yIOThCS Pi3HUM CTYIEHEM MOCyXocTiikocTi (Zaitseva, 2004). Tomy
HEeoOXi/HE BHM3HAYEHHS IEPCIEKTUBHOCTI 3aJlydeHHs B KYJIbTYpy B YyMOBax CTeIy
JICPEBHUX TIOPiJT 3 BIAMOBIIHUM SKOJIOTIYHUM MOTCHITIAIOM.

VY 3B’S3Ky 3 MM BaXXJIMBOTO 3HAUYCHHS y CTENOBiH 30HI HaOyBae mpoOiemMa BUBYECHHS
MOCYXOCTIHKOCTI POCIIMH, IO € BHAOCHEHH(]IYHOIO BIACTUBICTIO, & TaKOXX MOMKIMBOCTEH
NPOTHO3YBaHHS CTAaHY POCJIMH 3a MEBHHUX TEMIIEPaTypPHHX YMOB i 3BOJIO’KEeHHs. SIK 3a3Havace
O.JI. benprapa, BOAHUI 1 TEPMIYHUA PEXUM NEPEBHUX 1 YarapHUKOBHX IOPIN y CTEIy €
MPOBITHAM THTaHHAM cepel (iziomorivHmx mpobdieM cremoBoro Jico3HaBcTBa (Belgard,
1971), y 3B’S3Ky 3 UMM OYEBHUIHA aKTYyaJbHICTh BUBUCHHS CTIMKOCTI Ta ajanTaii 1epeBHUX
POCIIMH 10 HECHPHATINBHX TiIPOTEPMIYHIX YMOB CTEIIOBOI 30HH.

AKTyaJbHOIO TPOOJEMOIO CTIMKOCTI POCIHH KyJIbTYp(hITOIEHO3IB y CTEroBiii 30HI
Ykpainu € HeoOXIMHICTh JOCTaTHBOTO IS JKUTTEMISUILHOCTI POCIHMH BojomnocTadaHus. [s
BEJIMYMHA BU3HAYAETHCS CTYTIEHEM BOJIOT'OJIFOOHOCTI POCIIMH Ta HOTOJJHUMU YMOBaMH IIiJ| yac
Beretanii. ToMy MpPOTHOCTHYHI OIIHKKA HEOOXIMHOI KITBKOCTI BOJIOTH B 3aJICKHOCTI BiJ
TEeMIEpaTypd 1 YMOB 3BOJIOKEHHS BEreTallifHOTO Nepiojly € BaXJIMBOIO CKJIAI0BOIO
MATPUMAaHHS ~ JKUTTE3AATHOCTI POCIAMH Y TOCYHIUIMBHX yMoOBaX. SIK  KpuTepii
(YHKIIOHATBHOTO CTaHy pOCIAMH 32 YMOB TiIPOTEPMIYHOTO CTpecy MOxke OyTH
BUKOPHCTAHUH IMOKa3HUK OBOJHEHOCTI TKaHWH JIMCTS. baraTtbMa NOCTiIHMKaMy 3arajbHa
OBOJHEHICTh TKAHWH BHKOPUCTOBYETHCS SIK BAKIIMBUHA ITOKA3HUK BOJOOOMIiHY, 3 SKUM
moB’3aHi iHmI (iziomoriuHi mpomecw Ta OioximiuHi peakmii pocnuHHEMX KimitHH (Diaz-
Barradas et al., 2010; Gieger T. et al, 2002). Bimomo (Genkel, 1982; Shmatko et al, 1989),
10 Iel MOKa3HUK JOCHUTH JIAOUTBHUH 1 Bapiloe€ y MIMPOKHX MEXaxX B 3aJICKHOCTI Bil yMOB
BOJIOr03a0e3Me4eHOCT], OCBITJIICHHS, TEMIEPaTypyd TOTO CEepe/OBHIIA, SKe (OpMYyeThCs Y
MicIi 3pOCTaHHS POCIHMHK. B ToM ke 4yac, 32 ONTUMAJILHOTO BOJIOr03a0e3reueHHs ISl pi3HUX
3a eKOJIOTIYHUMHM BJIACTUBOCTSIMU POCIIMH NMPUTAMaHHWI CBiil NEBHUH PiBEHb OBOJHEHOCTI,
1110 3a0e31edye roMeocTas pOCIIMHHOTO OpraHi3My.

Metoro poboTu Oyiio BH3HAUCHHS HAWOINBII MEPCIEKTUBHUX IHTPOAYIICHTIB POIY
Acer L., olliHKa BIUIMBY TiAPOTEpMiYHKX (DaKTOpIB Ha CTaH OBOJHEHOCTI TKaHWH Ta pO3poOKa
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METOJMKHU KLUTBKICHOTO TIPOTHO3Y TOTPEOH Y BOAI BU/IIB KIICHIB, SIKi PI3HATHCS 32 CTIMKICTIO 10
BOJHOTO cTpecy. OcoOmmBOi akTyanbHOCTI HAOYBalOTh TaKi JOCIIHKEHHS y paifoHaxX CTENOBOI
30HM YKpaiHu 3 HOCYIIUTUBUMI, YaCTO CTPECOBIMH YMOBAMH IIiJl Yac BereTarlii.

MATEPIANU TA METOOU OOCHIAXEHb

O6’exTamMu mOCHiKEHb OynmM NeB’SITh BUAIB pony Acer L., IHTPOAYKOBaHUX y
OoTtaniuHOMy cany JlHIIpomeTpoBCHKOTO HamioHANBHOTO YyHiBepcutery im. Onecs
Ilonuapa. JlocmimkyBani BHIU Halexkarh 10 cekuit Platanoidea Pax (A. platanoides L.,
A. campestre L.), Gemmata Pojark. (A.pseudoplatanus L.), Trilobata Pojark. (4. ginnala Maxim.,
A. semenovii Rgl. et Herd., A. tataricum L.), Goniocarpa Pojark. (A. monspessulanum L.),
Rubra Pax. (A. saccharinum L.), Negundo (Boehm.) Pax (4. negundo L.), mOXOmATh i3 pi3HUX
GoraHniko-reorpadiyHux oOyacTedl 1 XapakTepu3yIOThCs PI3HMM CTYNEHEM CTIHKOCTI 10
nocynumBux yMoB CtenioBoro [TpuaHinpos’s.

BwmicT BOM y TKaHWHAX JIMCTS BU3HAYAJIN 32 3arJIbHONPUHHATAM METOJOM B JHHAMILI
MPOTATOM BereTalmiiHoro mepioxy. IlpoOu BinOupany momekamHo, 3 TPaBHS MO BEPECCHb.
JocmigHi pocnuHE Ha CeKTopax OOTaHIYHOTO Caiy 3HAXOAWINCS B YMOBaX NPHPOIHOTO
BOJIOTIOCTaYaHHS 1 He TmonuBaiics. 110Mb0BY OLIHKY CTYNEHS MOCYXOCTIMKOCTI IPOBOIMIIN
METOJIOM Bi3yaJIbHUX CIOCTEPEKEHB 3a 5-0abHOIO MIKAJIOK0, BUKOPHCTOBYIOUH OPHUTiHAIBHI
po3po0KkK aBTOpa i naHuX 00’ekTiB (Zaitseva, 2007). OOCTeXEHHS MPOBOAWIN TPHUYi, 3
JMITHA TIO0 BEPECeHb, MO Mipl PO3BUTKY INIMOOKOI TpHBaJloi MOCyxH. BpaxoByBamu Taki
TIOKa3HUKH, SIK CTYIIHb TYpPTreCUEHTHOCTI JIUCTSl, HAsIBHICTh OITIKIB T4 HEKPO3iB, TIOKOBTIHHS 1
BUCHXAHHS JIMCTS1, SMEHIIICHHS JINCTKOBOI NOBEPXHI (JIITHIN JMCTONAN).

Iloromni yMOBM  BereTamifHOro mepiofy  XapakTEepU3YBaJIMCS  IiIBUILECHOIO
HAIpPYKEHICTIO TiAPOTEPMIUYHIX (PaKTOPIB — CEPETHBOMICSIHI TEMIEPaTypH MEPEBHUIIYBAIH
GaraTopiuHi faHi y TpaBHi 1 ceprHi Ha 2,2 °C, BepecHi — Ha 2,5 °C, a cyma omnajiB npoTsArom
BCi€i Bererarii, 3a BHHATKOM YepBHs, Oyia 3HAYHO HIDKYOIO 32 HOPMY i CTAHOBWJIA y KBITHI,
TpaBHi, jmnHI Ta ceprHi 53, 33, 97 1 87 BigcoTkiB A0 HOpMHU. Y BepecHi omamu Oymu
npakTrgHo BiacyTHi (0,7 MM 3a Micsis). Bripomorx BererariifHoro mepiony, y TpaBHI Ta
CepIHi, CroCTepirajucs JBa Mepiofd TIMOOKOI TPUBAJOl MOCYXH, SKi IMpPEICTaBIIeHI Ha
Kirimarorpami (puc. 1).

L

-10 —
CepepgHa TenMIIepaTypa Cvmia onamis =3 MiCcHITh, MM
za micae.” C

——— haKTIrEHA ——— thaxTIrHa
---4-- - HOpMAa ---%--- HOpMA

Puc. 1. KmimaTorpama noroiHuxX ymMoB y nepioa 10c/1ii:keHb
Jnst MaTteMaTUyHOro aHajli3y BHUKOPUCTOBYBAIIM JaHi 10 JAeKalaM, SKi NepeiyBaiu

KOXKHOMY BiZIOOpY MpO0O — Cepe/iHI0 TeMIepaTypy MOBITPs (¢;) Ta KUJIbKICTh OMajiB 3a AeKaLy
(W;) (Tabmn. 1).
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Tabnuys 1
KaimaTuuyHi noka3HMKH 3a nepioa 1ocaiTxeHb

Temmnepatypa , °C Cyma omaiB, MM
Micsip neKana 3a Jekana 3a
1 2 3 MicsIb 1 2 3 MiCSIIb
KBITCHD 8.1 13.0 11,6 10.9 0.0 19.2 12 204
7,7 9,0 11,6 9,4 10 15 13 38
TpaBeHD 135 17.0 24.1 18.2 148 0.5 0.1 154
14,2 16,6 17,3 16,0 13 17 16 46
—— 18.6 17.9 17.5 18.0 29.0 66.1 8.8 103.9
19,1 19,1 20,6 19,6 14 27 18 5
SHCHD 19.3 214 23.6 214 36.9 6.4 114 54.7
20,8 21,7 21,3 21,3 21 17 18 56
cepienb 24.8 22.1 215 22.8 0.1 27.6 4.6 323
21,6 20,9 19,3 20,6 9,0 13,0 15,0 37
— 179 19.1 16.6 17.8 0.0 0.7 0.0 0.7
17,6 15,2 13,0 15,3 15 10 12 37

IpumiTka: y uncenbHUKY — (DaKTHYHI 3HAUCHHS CEPEIHBO/ICKAIHOT TEMIIEPaTypH Ta CyMHU OMa/iB 3a
JeKajy; y 3HAMEHHHKY — cepeJHbo0araTopiuni 1ani (HopMa).

PE3YNbTATU TA IX OBrOBOPEHHHA

Amaii3 mponecy iHTponykuii kieHiB y OoraniuHomy cany JIHY noxazaB (Zaitseva,
Dolgova, 2010), o Ha no4arky (GopMyBaHHS JEHIPOJIOTTYHOT KOJIEKIIii, y CEepesMHi MUHYIIOTO
cTopivds, B KoJieKwil HapaxoByBasiocst 15 BuaiB i 5 ¢opm kieHis. BinbyBanocs mocryrose
3MEHIIICHHS KUTBKOCTI EK3eMIUISPIB 1 TakcOHiB. HalMEHII CTIHKMMH BUSBIJIACS BUIU
A. betulifolium Max., A. mono L., A. palmatum Thunb., A. rubrum L., A. saccharum March., sxi
Oy BucapkeHi B 3—5 ek3. (4. rubrum — 11 ex3.) 1 BUmamm 3 KOJeKIil BIpogoBx 20-25-tu
POKiB micis mocaaku. Hu3pKy CTiHKicTh B paiioHi IHTPOIYKIIii TOKa3a Takox 4. ginnala Max.
1 A. trautvetteri Medw., KiTbKICTh €K3eMIUBIPIB SKMUX 3MEHIIMIACA B 5 pa3iB y HEPIIHil Iepios
KyJBTUBYBAaHHA 1 cTaHOBMIIA BiANoOBiAHO 5 1 1 ex3. KinmpkicTs ex3eMmutsipiB 4. ginnala nanani
3HIDKYETHCS, 1 Ha TEMEPINIHIA Yac i3 CTapux MOCAIOK 30epiryiocs TIMBKU TI0 OIHOMY JCPEBY
A. ginnala 1 A. trautvetteri, 0 CBITYNTH TIPO HEJJOCTATHIO iX CTIHKICTH B palOHI IHTPOIYKLIL.

[pupoaHi apeanu ycix UMX BHIIB 3HAXOMAATHCS B PErioHax 3 MiJBHIIEHOIO BOJIOTICTIO
KIIIMaTy — KoedilieHT 3B0JI0KeHOCTI B SAAnoHii cTaHOBUTH 5,8—6,3, Ha lanekomy Cxomi — 3,8—
4,1, ma Kaekasi — 3,5-4,8, B AtnantuuHomy perioni IliBHiunoi Amepuku — 1,0—1,5, mo
MOMITHO TepeBunlye e nokasHuk s Crenooro [Ipuaninpos’s (0,8). MiHimanbHi
TEMIIEpaTypd B OKPEMHX paiOHaX MPHUPOTHOTO 3POCTAHHSA HAWMEHIN CTIHKUX BHUIIB
JIOPIBHIOIOTH 200 TIEPEBUIIYIOTH Liei moka3Huk s CrenoBoro [Ipumninpos’s. Hezaxkaroun
Ha Te, IO KICHW 3 LUX PailOHIB MPUCTOCOBaHI 0 HU3BKUX 3MMOBHX TEMIICPATyp, BOHH
MOKa3any HEe3aJ0BUIBHUN pe3yNbTaT MpU IHTPOAYKIil. ManocTiikuMyu BHSBHIIMCS 1 BCi
JIEKOpaTHBHI (OPMHU KIIEHIB 3 ATIaHTUYHOTO periony ITiBHIYHOT AMEpHKH.

3HIDKEHHS KUTBKOCTI eK3eMILBIPIB CepeI3EMHOMOPCHKOTO BUIY A. monspessulanum, cepen-
HB0A31aTCHKOTO BHIY A. semenovii Ta TaleKOCXiqHoro BUny A. ginnala Moxke OyTH HACIIIKOM
HECTIPHSTIIMBOTO PO3TAlllyBaHHS B LIUIBHUX HACA/PKEHHSX Y 3aTIHKY Ha CEKTOpax JEHIpapiio
00TaHIYHOTO CaJly, TaK SIK 1]l BUJIM HA BiJIMiHY B/l IHIIINX BUAIB POY SIBIISIOTHCS CBITJIONMOOHUMH.

3a OCTaHHI POKH TOBTOPHO IHTPOAYKOBaHI A. mono 1 A. palmatum. Konekuis
MOMOBHWIIACS HOBHMH Bumamu kieHiB: A. laetum C.A.Mey., A. velutinum Bois. i
A. ibericum Bieb. (KaBka3) 4. mandshuricum Maxim. (Hamexuit Cxin), A. cissifolium
K. Koch. (Smonist), A. hersii Rehd. (Lentp. Kwurait), sixi MOXyTh OyTH HEIOCTaTHHO
critikumu 'y CrenoBomy I[lpmaHinpoB’i, 3Bakaroud Ha pe3yibTaTH aHANI3y AWHAMIKH
cKkJaxy Komekuii poxy Acer L. B 6oraniuromy camxy JHY.

TakuMm 4MHOM, TTOTIEpPEH] OWIHKHA €KOJIOTIYHOTO MOTEHIlially BHIIB, IO 3aIy94aroThCs
B KOJICKIIiIO, 32 KPHUTEPIsIMH OOTaHIKO-reorpadiyHOro MOXO/KEHHS Ta EKOKJIIMATHYHOI
BIJMIOBITHOCTI, [JAIOTh BaXIUBY 1H(GOpMAII0 MO0 NPOrHO3yBaHHSA YCHIITHOCTI
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IHTPOAYKIIIHUX BUTIPOOYBaHb BUIIB POy Acer L. B TIOCYIITMBIX YMOBaX CTEIIOBOI 30HH,
MPOTE SABISIOTHCS HEJOCTATHIMH ISl TOYHOTO KUTBKICHOTO IMIPOTHO3Y CTaHy POCIHH IMpH Ail
MEeBHUX TiPOTEPMIYHUX (AKTOPIB BEreTaiiiHoOro nepioy B JaHOMY paioHi IHTPOAYKIIi. 3
LI€I0 METOI0 HaMH 3alpOlIOHOBAHO MAaTEMaTH4HY MOJIENb, sSKa OIUCYE B3a€MO3B’SI30K
OBOJIHEHOCTI TKaHWUH JIMCTSI Ta IMOTOJHHMX (DAKTOPIB TeMIepaTypd 1 3BOJIOKEHOCTI, i
0a3yeTbCsl Ha EKCIIEPUMEHTAJIbHUX JaHUX JMHAMIKM BMICTy BOAM Yy JIMCTKax
JTOCTIPKYBaHUX BUIB BIIPOJIOBXK BETreTALIHHOTO TIEPIOTy.

[locraBnene 3aBHaHHS YCKJIAJHIOETHCS THM, IO 3HAYCHHS TEMIEPAaTypH MOBITPS
(¢,°C) 1 xutpkocti omaxniB (W, MM) mix 4Hac CIIOCTEPEKEHb B YMOBaX IIOJILOBOTO JIOCTITY
3MiHIOBaJIHICA BUIMAAKOBO. L1 00CTaBHHM 0OMEXYIOTH 3aCTOCYBaHHS 3BHYAHUX €MITiPHKO-
CTAaTUCTHUYHUX METOJIB JUIA OLIHKK BIUIMBY ¢ i W BHACHIIOK TaKWX MPHYHH, SIK pi3HA
CIPSIMOBAHICT BIUTUBY OIHOTO 3 (haKTOpiB Ha KOSQIIIEHT KOPEIIil 3 iHIMUM (QakTopoMm;
HEMOXJIMBICTh TPOBEJCHHA JABOX(AKTOPHOIO  EKCIIEPUMEHTY Yy KOHTPOJIBOBAHUX
MOZEJIBHHX JOCIiax 3 AEepPeBHO-4arapHHUKOBMMH POCIMHAMH; HEOAHO3HAYHICTH DillleHb
NpU perpeciiHoMy aHaiisi, JUis 4Oro BHHHUKA€ HEOOXimHicTh rpadivHoi iHTeprperatii
(GYHKIIT IBOX 3MIHHUX Y TPHOXMIPHOMY MPOCTOPI.

VY 3B’S3KY 3 I[MM HaHOUIBII JOUITBHAM BUSBJISETHCS HINKHN IIISX BUPINICHHS 3a1adi,
KM BHUKOPHCTOBYEThCS B MaremaTHuHOMy aHaii3i Oiocuctem (Kutlakhmedov, 1985) —
€BPICTUYHO pO3pOOMTH pIBHSHHA, sIKe Oyae BimoOpakaTH ICHYIOUMH B3a€MO3B’SI30K
BUBUYaeMuX mnapamerpiB. Ilomyk Takoro pimieHHs, #oro peanmizamis i 3icTaBICHHS
OTpPHUMaHHUX PEe3yJIbTaTIB 3 MOKa3HUKaMHU CTIHKOCTI POCIIMH IPEICTaBIIEH] B JJaHii poOoTi.

OBOIHEHICTh JIHCTSI BHU3HAYAETHCS TOJOBHUMH (DAaKTOpPAMH: CK30TCHHUMH —
TEMIEpaTypol0 TOBITPS { 1 KUIBKICTIO omamiB W Ta EHIOTCHHHMH — CTPYKTYpHO-
(YHKIIOHATBHAMH OCOONHBOCTSAMH JICTKA B OHTOTeHe3i. OYHKIIOHATHHHUN 3B’ SI30K MiXK
OBOJIHEHICTIO TKaHUH O Ta MU (aKTopaMH MOKe OyTH MPEICTABICHUI 32 aHAIOTIEI0 0
PIBHSHHS cTaHy st ra3iB P = RT/V , sIK QyHKIIs 1BOX 3MIHHHX:

0 =f(t; W) (1)

O=LW/t, 2)
ne @ — oBOIHEHICTh JHCTA, %, sKa mpomnopiidHa W i obepHeHO mpormopiiiina ¢, W —
KIJIBKICTB OMAJiB, MM; ¢ — TeMIIepaTypa noBitps, °C; L — koedinieHT TponopuiiHoCTi.

Jnst O1pII TOYHOTO ONHCAHHS PEalbHOTO CTaHy OBOAHEHOCTI TKaHWH, HEOOXiJHO
BBeCTH Koe(imieHTH, sAKi BimoOpakaloTh Oi0NOTIYHI (CTPYKTYPHO-(PYHKIIIOHAIEHI)
0CcOOJMBOCTI JOCHI/KYBaHUX BHJIB POCIMH, BHKOPHCTOBYIOUM MIJISI I[bOTO AHAJOTiIO
MOTIPaBOK 1 JOMOBHEHb y piBHAHHI BaH-mep-Baanbca mo BigHOIIEHHIO O BUXITHOTO
PiBHSHHS cTaHy ra3iB. B pesynbrati 3 piBHSIHHA (2) OTpUMYEMO:

@=LW/t+at-b\W . 3)

Koediuient a BinOuBae cneuudiuHi Aasi KOKHOTO BUIY CTPYKTYpHO-(i3ioioriuHi
0coOJIMBOCTI, SIKI JieXKaTh B OCHOBI MEXaHI3MIB ajanTtaiii A0 BOJHO-TEMIIEPATYPHOTO
CTpecy, 1 MPOSIBISIFOTHCS Y O3HAKaX KCEPOMOP(HOCTI JIMCTS, IHTEHCUBHOCTI TpaHCITiparii,
CTYNEHIO >KapOCTIMKOCTI JIMCTS, IHTEHCUBHOCTI JIAHOK METadoJi3My, KOMIIapTMEHTAlii
BOJIM Y KJIITHHAX, OCMOTHYHHX BJIACTUBOCTEW mpoToruiacty KiituH. KoedimieHT a nep 3a
BCE TIOB’3aHUI 3 TeMIepaTypHUM (PaKTOpOM i 3/1iHCHIOE HaWOUIBII NMOMITHUH BIUIMB Ha
BEJIMYMHY OBOJHCHOCTI TKaHWH, IO BiIOOPaXKAEThCS y BUTIAAL JOOYTKY af y piBHsAHHI (3).

Koeogimienr b BigbuBae Ti MeEXaHI3MH CTPYKTYypHO-(QYHKIIOHAJIBHOI OpraHi3amii
TKaHWH, sKi 3a0e3MeUyroTh NCBHUN, HAHOUTBII ONTUMATBHUN IS KOXKHOTO BHIY DPiBEHB
OBOJTHEHOCTI 32 YMOB JOCTaTHHOI0 a00 HaBiTh HAJIMIIKOBOTO BOJOINOCTadaHH:. B sKkocTi
TaKUX MEXaHi3MiB MOXHa, HAIIPUKJIAJ, PO3MIAAATH OOMEXEHHS IIBHAKOTO AIOIIaCTHOTO
pamiadpHOTO TpPaHCHOPTY Boau mosickamu Kacmapi Ha piBHI eHIOIEpMH KOpeHs, abo
pEryJIIOBaHHs EHEPro3ajieKHUX TpouleciB (OPMYBaHHS OCMOTHYHOTO TpPAAIi€HTy Y
TKaHMHaX 1 opranax pociuH. KoedilieHT b NOB’s13aHUI IEPEBaXKHO 3 ONAJaMHU i MEHIIOO
MIpOI0 BIUIMBA€ Ha BEJIMYMHY OBOJHEHOCTI, MOPIBHAHO 3 Koe(dilieHTOM @, Mo
BimoOpaxkaeThcs y BUrsami 106yTky bVW 3 Bif’€MHUM 3HAKOM.

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



[Ticnsg mepeTBOPeHb OTPUMYEMO KBAAPATHIHY (PYHKIIIIO

2
o O}
10 aHAJOTiYHA PiBHSHHIO y, =ax}—bx, + L. (%)

TakuM 4YMHOM, 3aJEKHICTH 3MIHHMX f, W 1 © MOXHa BHUPa3UTH Yy BHIJISAI
KBaJpaTH4IHOI PyHKLIT y3araJbHEHUX 3MIHHUX — );, 110 SIKO1 BKIIIOYeHi ¢, W, @, tTa 3MiHHOL
X;, 10 SIKOT BKIIIOUEHi #, W:

Bl My =0k ©

BuKkopHCTOBYIOUM €KCIEPUMEHTANIbHI JaHI 3 OBOJHEHOCTI JHCTS @; M0 KOXHOMY
BiZIOOPY MPOO, po3paxoByBalli y3araibHeHi 3MiHHI y; U X; . OTpUManu napHi 3Ha4eHHS V; U
X; JUIS KOXXHOTO BHJY, BIAMNOBIAHO O KiIBKOCTI BiOOpiB mpo0. PosramyBaBmum ix y
MOPSIAKY 3POCTaHHS 3HAueHb X;, OTPHUMAJIN KPUBI, SKi JOOpE OMHUCYIOThCS KBaAPaTUYHOIO
3anexmicTio. KpuBi anpokcumyBanu KBaapaTHunoo ¢ymkmiero (R*=0,92-1,00). B
pe3yJIbTaTi anpoKCUMAIlil OTPUMAJIM YHUCIIOBI 3HAYCHHS Koe(illieHTiB @, b Ta L (Tabm. 2).
Oco0aMBO CItii BIAMITHTH, IO VIS BCIX JIOCHTIPKYBaHMX BWIB OyJaM OTpUMaHi Bia €MHI
3Ha4YeHHA KoedillieHTa b, 10 MATBEP/PKYE HAllle MPUITYILEHHS PO MEXaHi3MH OOMEXEHHS
HaJXOKSHHS BOJU MPU HAJUTUIIKOBOMY 3BOJIOKEHHI.

Tabnuys 2
3nayeHust Wy, NPU Pi3HUX TEMIEPATYPaX Ta CTYNiHb NOCYXOCTIHKOCTI POCJIMH KIIEHIB

Koe(biuiegm KBaJpaTHIHOT W oronp.» Tocyxo-
Bun perpectl ysarafibHCHIX MM 3a JeKany CTIHKICTB,
3MIHHUX J; 1 X; ot
L a b t=19,6°C | r=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

Koeoiuientn a, b Ta L KiJIBKICHO XapaKTEepU3YIOTh BUJIOBY CIEHU(IYHICTh peaKiii
POCIIMH Ha TOCYXY, IO Ja€ MOXJIMBICTh IPOBECTH TMOPIBHIBHUN aHA3 aIalTHBHUX
BJIACTHBOCTCH POCIUH, PI3HMX 32 CTIHKICTIO JIO BOJHO-TEPMIYHOTO cTpecy. B mimomy
KoedinieHTH 100pe Y3roJDKYIOThCS 3 pe3yJIbTaTaMK MIPOBEICHNX HaMH paHille JOCIiHKeHb 3
OIIIHKM BOAOOOMIHHHX TIPOIIECIiB Ta CTIKOCTI pociuH (Zaitseva, 2004, 2006, 2006a). Bymo
MpoOBeJIeHe NOaJIbllle BUBUCHHSI OTPHMaHOI (PyHKIIOHAIBHOT 3aJIeKHOCTI, 8 cCaMe BHBYAIIHCS
TOYKH eKCTpeMyMy (YHKIII, TOOTO BEIMYMHM HANMEHINOi OBOTHEHOCTI, OCTaTHBOI VIS
HOPMAJIBHOTO (PYHKITIOHYBaHHS TOTO YM iHIIOTO BUAY pociuHd. [Ipu (ikcoBaHii BennmunHi
W OBOIHEHICTH TKAHUH JOCATAE CBOIO MIHIMYMY Y TOULI £ ecmp-

JlocaimKeHHS TOYKH eKCTEeMyMy NPOBOAWIM 3 BHKOPHCTAaHHSM piBHSHHS (4) depes
4acTHy noxigHy Qynkuii © = f(W;¢) no temneparypi. IloxXigHy NpHpiBHIOBaNU HYIIO,
OCKIJIbKH HIOXIJJHY OepeMo y TOUIli MiHIMyMYy:

00 LW

E_ > +a=0- (7)
t
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3a piBHAHHAM (7) MOXKHa pO3paxyBaTH 3HAYEHHS KUTBKOCTI OMajaiB, HEOOXimHE IS
MiATPAMAHHS MiHIMyMY OBOJHEHOCTI JUII HOPMAaJbHOI JKUTTEIISUIBHOCTI POCIHHH, TPHU
MIEBHOMY 3HA4YCHHI TEMIIEPaTypH MOBITPS i 4ac BereTarii:

o ®)
wemp =1

PiBusians (8) moB’s13ye Mk coOOI0 He3anexHi 3MiHHI W 1 ¢ uepe3 koedinienTn a i L. Lei
3B’A30K TAKOXK MOYKHA BHUPA3HUTH 4epe3 KOMOIHaII0 KOoe]illieHTIB, BKIIFOYalOud KoedilieHT b i
BUKOPHCTOBYIOUM KB3JIpaTUUHy 3alleXkHICTh (5). Ane B JaHOMY aHali3i MH OOMEXyeMcs
PpiBHSIHHM (8), sIKe MOKHA TPAKTYBaTH SIK MiHIMAJIbHY KUIBKICTh OTa/1iB, ITOTPIOHY POCIMHI st
HOpMaIBHOTO (DYHKIIIOHYBaHHs (O€3 HEeOOXiZHOCTI BKJIFOYEHHS aKTHBHOTO €HEPro3aJieXHOTO
TPAHCTIOPTY BOAM) 32 YMOB IIEBHOTO TEMIIEPATYPHOT'O PEXHUMY B IIEPioj] BEreTallii.

Takum  ynmHOM, KpuTepiH W, ~ BH3HAUAE  HIDKHIO MEXy TOMEOCTasy
(YHKUIOHYBaHHS POCIMHHHMX TKaHWH y THX YM IHIIMX TeMIepaTypHHX ymoBax. Hrokui
3HaYeHHS W ooy CBiNUATH NPO OiNbINY CTIHKICTH POCIMHM JI0 MOCYXH, OCOOJIMBO 32 YMOB
BHCOKHX TeMIepaTyp. PesynbTaTu po3paxyHKy HOKa3HUKA W oy, HaBeneHi y Tabmumi 2.

Sk 3agaHmil mapameTp OyJ0 BHMKOPHCTaHO [Ba CEPEIHBOACKAJHUX 3HAYCHHS
TEMIIepaTypu — 3a Mepuly JAeKaiy JIMIHS 3 MOMIPHUMHM, JEU0 HIKYHUMU 32 HOPMY
TEeMIIepaTypamMy, Ta 3a MepIly JIeKaay CepIHs 3 HahOUIbIl BUCOKUMH TEMIIEpaTypaMH 3a
ce30H. Y mepiioMmy Bumaaky, mpu ¢ = 19,6 °C, ckIamarThCs CHOPUATIUBI IUIsI POCIHUH
TEMIIepaTypHi YMOBH, Y OPyroMy BHIQJKy, npu ¢ = 24,8 °C, sKa mepeBUIlye HOPMY Ha
3,2 °C, temriepaTypHui (haKTOp Mae CTPECOBHH IJISl POCIMH XapakTep. TakuM e YMHOM
OLIIHIOBAJIM CTPECOBUII XapakTep TEMIEPAaTypHOTO PEXHMYy Y TOJBOBOMY JOCIii
L. T. Imateko Ta in. (Shmatko, 1989), komm TemmnepaTypa mix yac JOCHIHKEHb ¥ TPaBHI 1
YepBHI MEpEeBUIIyBalla cepeaHbpobaraTopiuny HopMy Ha 2-3 °C, 1m0 CyTTEBO BimOWBAIOCS
Ha PO3BUTKY 36PHOBUX KYJIbTYD.

[Ipencrasneni y Tabmn. 2 maHi MOKa3yo0Th, IO Y BCiX BHIIB, HE3AIEKHO BiJl CTYIIECHIO
CTifiKOCTi, GUIBIIOI0 YW MEHIIOI0 MipOI0 IMiJBUIIYETHCS MOTpeda y BOMOMOCTAYaHHI IS
3a0e3Me4yeHHsl HIDKHBOT MeXi HOpMalbHOrO (YHKI[IOHYBAaHHS 32 YMOB BHCOKOI
temneparypu.  IlokasHuk W,.,,, pDO3paxoBaHuMi y Touli ekcTpeMyma QyHKii,
HaWOIBII TOBHO PO3KPUBAE aAaNTHBHI MOXKIMBOCTI IOCIIDKyBaHUX BUIB. Taki oTpumani
AQHAJITUYHUM LUIIXOM OLIHKH 30IiraloThcsl 3 KOMIUIEKCHUMH OI[IHKaMH ITOCYXOCTIMKOCTI
pociuH, sKki Oyau OTpUMaHI HaMH 3 BHKOPUCTaHHAM (i3i0y10ro-0i0XiMIYHMX METO/IB
(Zaitseva, 2006a) i IUIIXOM Bi3yalbHHUX CIIOCTEpEXeHb (Zaitseva, 2007).

3a onTHManbpHOI TeMIepaTypH HaWOUTBIIA KUTBKICTH OMadiB HEoOXilHA TaKuM
MaNOCTIHKUM BHUIAM, 5K A. trautvetteri (49,1 mm), A. ginnala (47,2 mm). Hepemuka
KUTBKICTB BOJIOTH TOCTATHSI sl OLTBII IOCYXOCTIHKUX BUIIB A. pseudoplatanus (11,3 Mm),
A. monspessulanum (17,4 Mm). 3a eKCTpeMaIbHUX TEMIIEPAaTypHUX YMOB HAMOLIBII CYTTEBO
301IBIIy€eTRCS TOTpeda y BOA03a0e3MeueHHI MaJONOCyXOCTIHKMUX BHIIB — HANPUKIAM, Y
A.trautvetteri TOKa3sHUK W, nocsrac 78,6 MM, A. ginnala — 75,6 MM. ¥V OCYXOCTIHKUX
BU[IB 3HAUEHHS Wy, TIBUILYIOTECA HE Oinblle Hixk HA 8—10 MM.

BUCHOBKM

Po3pobnennii HOBHI MiXiJ A0 OLIHKH MOCYXOCTIHKOCTI POCIIHH, 3 BUKOPHUCTAHHSIM
PIBHSHHS CTaHy OBOJHEHOCTI TKaHWH, A€ MOXIIUBICTh CIPOCTUTH 1 TOTJIMOUTH
perpeciiHuil  aHami3 3aleKHOCTI BOJOHACHYEHOCTI TKAaHWH BiJ] HEKOHTPOJIHOBAHHX
30BHINIHIX (aKTOPIB — TeMIIEpaTypH 1 ONa/IiB IiJ] Yac BereTarii.

OtpuMaHi HOBI iHTErpanbHi XapaKTEPUCTUKU TTOKA3HUKA W ey, 1OOPE Y3TOMKYIOTBCA 3
KOMILIGKCHUMH OLIHKAaMH TOCYXOCTIMKOCTI Ha TPHKIIaJl IHTPOJAYKOBaHHMX BHJIIB KIICHIB 1
MOXXYTh OYTH BHKOPHCTaHI SK KUIBKICHUI KPUTEpIi BUTPUBAIOCTI POCIHH Y HOCYNIIMBHX
YMOBaxX CTEIOBOI 30HU.

BuxopucranHs KpuTepito W, AK TOKa3sHUMKA (YHKI[IOHAIBHOI 3al€KHOCTI
OBOJIHCHOCTI TKaHWH BiJI TEMIEpaTypHu 1 KIUJIbKOCTI OMNajiB, JIO3BOJISIE IPOTHO3YBAaTH
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(hizionoriyHMA CTaH POCIMH HA OCHOBI JIaHUX TiIAPOTEPMIYHOTO PEKUMY IIiJ Yac BereTarlii
Ta BU3HAYUTH HEOOXITHUN PEXUM MOJHBY IS PI3HUX 33 TIOCYXOCTIMKICTIO POCIIHH.
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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 (desculus hippocastanum L.), species of genera Alder (A4/nus),
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.

T Tel.: + 38044-526-20-51. E-mail: a.grodzinskaya@gmail.com

DOI: 10.15421/031504
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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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AKKYMYNAUUA MAKPO- U MUKPOJJIEMEHTOB B JINCTbAX
PA3HbIX APEBECHbIX NOPO[ B YCNOBUAX KNEBCKOIO MEIrAMOJIUCA

AHHOTanmsi. BEIIONHEHO CpaBHEHHE COJEPIKAHUSI XUMUYECKHUX 3JIEMEHTOB B CBE)KE-OIABIINX
JHUCTBAX W JIMCTBAX MOCJE 3MMOBAHUS Pa3HBIX IPEBECHBIX IOPOJ, KOTOpHIE MPOU3PACTAIOT B
rpanuiax KueBckoro Mmeramonmca IOA  JIABICHHEM CIEUU(UUECKUX YCIOBHH TOPOACKHX
ariomepauuid. Paccuntanbl K03 UIMEHTH OMOJIOTMYECKOro IOIVIONICHUS! MMKPOJIEMEHTOB JUIS
KOHCKOT'O KaITaHa OOBIKHOBEHHOTO (Aesculus hippocastanum L.), BunoB ponos Onbxa (A/nus), Knen
(Acer), bepesa (Betula), Tonons (Populus), Ay6 (Quercus), Kamuna (Viburnum) ta Opex (Yuglans).
HccnenoBano conepkaHue OpraHUYECKOrO BemIeCTBa M (POPMBI HAXOXICHUS MHKPOIIEMEHTOB B
MOYBAX.

Knrouesvie cnoea: opesecnasi nopooa, XuMudecKuii cOCmag IuUCMbes, NoYebl 8 NeCONapkax
Kueso-Ceamowunckozo — paiiona, — MUKpodIeMenmbl, — MAKPOINEMEHMbl,  NOOSUNCHbIE  hopMbL
XUMUYECKUX DNIEMEHMO8.
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AKYMYJIALIA MAKPO- | MIKPOENEMEHTIB Y JIMCTKAX
PIBHMX OEPEBHUX NOPIO B YMOBAX KUIBCbKOIO MEIFANoOnicy

AHoTtanis. [IpoBeneHo MOpPIBHAHHSA BMICTY XIMIYHHX €JIEMEHTIB y CBIKO-ONAJMX JINCTKAX Ta
JMCTKAX IICIIS 3UMIBIIL PI3HUX AEPEBHUX MOPI, SKi 3pOCTalOTh B Mexax KHIBCEKOro Meramoicy mis
THCKOM CHenU}iYHIX yMOB MICBKHX arjioMepaniii. Po3paxoBaHo koeilieHTH 0610JI0Ti4HOTO
HOIJIMHAHHA MIKPOCJIEMEHTIB JUlsl TipKOKaITaHy 3BU4aiHoro (Aesculus hippocastanum L.), BUIiB
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poniB Binbxa (Alnus), Knen (Acer), Bepesa (Betula), Tonons (Populus), Ay6 (Quercus), Kanuna
(Viburnum) Tta T'opix (Yuglans). JociipkeHO BMICT OpraHiqHOi pedoBHHU Ta (OPMHU 3HAXOKCHHS
MIKPOEJIEMEHTIB Yy IpyHTaXx.

Knrwuoei cnosa: depesna nopooa, Ximiunuili cknao aucmkis, rpywmu 6 Jaiconapkax Kueso-
CeamowuHCcbK020 pationy, MiKpoeieMeHmu, MaKpoeiemMeHmu, pyxomi Gopmu XIMIYHUX eNeMeHmIe.

BCTYN

CydacHi miIXoaw IO eKOJOTiYHOI OINHKH SKOCTI MPHPOIHHUX CEPEIOBHIN ITOBHHHI
OyTH opieHTOBaHi, B mepily depry, Ha OioTmuHi moka3sHukH (Biodiagnostica..., 2013).
SIKiCTP TPUPOTHOTO CEPEeZOBUINA 3a YMOB arjioMepamiii BEIMKOro Micta, Oe3mepedHo,
BIUIMBAa€ HA XUTTENISUIBHICTH POCIHH, 30KpeMa IEpeB, POJIb SKUX B MICTax € BKpai
Ba)XJIMBOIO, 00 3aBASKM 1X HASBHOCTI ICTOTHO MOKPAIIYETHCS CKJIaJ MOBITPS, TaIbMy€ThCs
PO3IMOBCIO/KEHHSI TOKCHYHHMX BUKHJIIB TomIo. ToMy mpobieMa 3a0e3leueHHs] JIepeBHUX
MOPiJl YMOBaMH, CIIPUSATIMBUMH JUIA iX 3pOCTaHHS, € aKTYaJIbHOIO 1 BaXIIMBOIO. 30KpeMa,
OKpPEMOTO PO3TJISIy 3aciyrOBY€E BHBUYECHHS crienn(iKi MiHEpaJbHOTO KUBJIEHHS JepeB, iX
6e3nedinuTHOrO 3a0e3nedeHHs Makpo- i MikpoenemeHTamu. Pucu crenm¢idHoCTi yMOB
MIHEpaJIbHOTO KUBJICHHS POCIHH B MICTaX OOYMOBIIOIOTHCS IIMPOKHM KOJIOM YHHHHKIB,
30KpeMa PO3ipBaHICTIO 0I0T€OXIMIYHHAX KOJOOOITIB PEUOBHH, 3aac(aabTyBaHHIM BEITHKHIX
IUTOL TEPHUTOPiH, HASBHICTIO B CEpPENOBHINI TOKCHYHHX PEYOBHMH, KOTpi  MOXYTb
CTIPUUYHMHATH BIUIMB HAa CHCTEMH MOTJIMHAHHS i TPAHCIIOPTY PEYOBHH B IPYHTaX 1 pOCINHAX,
HaJMIpHUM 3pPOCTaHHSM B TPYHTI iOHIB HATpil0 ¥ XJIOPY, OIO0 3yMOBIECHO HOCHIAHHSAM
BYJIMIb XJOPWAOM HAaTpifo B 3UMOBHI uac, Tomo. Cepesn ONMMCAaHWX YMHHUKIB BIUTUBY
OJTHMM 13 TIPIOPUTETHUX € TMIJBUINEHHS BMICTY MIKPOEJIEMEHTIB, OCOOIMBO BaKKUX
MeTaliB, B IPYHTaX i pOCINHAX, CIPUYNHEHE TEXHOT€HHUM HaBaHTA)KCHHSM Ha JOBKULIA Y
BEIIMKHX MICTaX.

JocnipkeHHsT OCTaHHIX AECSATUIIITh MOKa3ajd, IO MIKPOEIEMEHTH IPYHTY CYTTEBO
BIUIMBAIOTH Ha PIiCT Ta PO3BUTOK POCIHH, CTaH 1 (yHKIIOHYBaHHS OpPraHi3My JIIOJMHU Ta
tBapuHH (Samchuk et al.., 2006). be3 HuUX HeMOIMBHIA TTepedir OiIbIIOCTI O10XIMIYHUX i
(hi310JTOTIYHHX TIPOIIECIB, MO BiAOYBAIOTHECS B )KUBUX OpTraHi3Max.

MikpoeneMeHTH B POCIHHAX BHUKOHYIOTH POJIb KaTalli3aTopiB, 30KpeMa B IpoIecax
(oTocHHTE3y 1 3aCBOEHHS a30Ty. BCTaHOBIIEHO, HANPWKIAA, IO B CHHTE31 i OOMiHI
OITKOBMX PEYOBHH DPOCIMH 3HAYHY DPOJIb BiAirpae MoJdiOIeH, SKWi BXOAWUTH IO CKIIaxy
tdepmenTy HiTpaTpenykTasu. Ilpm HecTtadui IBOTO EJIEMEHTY TaJIbMY€ETHCS TIPOIIEC
BIZIHOBJICHHSI HITPAaTIiB, MOPYIIYETbCS HOPMAIBHMH XiZi OLIKOBOro OOMiHY, NpH IbOMY
BMicT Ollka B TKaHMHaX POCIMH 3MEHIIYEThCS, a COJEW a30THOI KHCIIOTH, HaBIIaKH,
30inbIIy€eThCs. Mislh BXOAUTB 110 CKIany (pepMeHTIB, 1110 KOHTPOIIOIOTH OKHCHI IPOIECH B
OpraHi3Mmi, IIMHK NpHHMae aKTHBHY y4yacTh B a30THOMY OOMiHI Ta TiIpoJIi3i KpOXMalro,
KOOaJBT MiJBUIY€E IHTEHCUBHICTH TPOIIEeCiB AuxaHHs Ta GoTtocunTe3y (Beus et al., 1976).

Cryninp 3a0e3NeueHoCTi POCIMHHHMX 1 TBapMHHHMX OpraHismiB (y ToMy 4Hcii i
JMIOAWHN) MIKPOEIEMEHTAMH 3aJICKHUTh BiJl BMICTY iX Y HABKOJMIIHBOMY CEpPEIOBHIII i,
mepm 3a Bce, y IpyHTI. Akagemik B. I. BepHaacekwii Bmepie BKa3aB Ha 3alleKHICTh
XIMIYHOTO CKJIaJy OpTaHi3MiB BiJl BMICTY XIMIYHHX €JIEMEHTIB B 3eMHill KOpi. A CTBOpEHE
O. I1. BunorpagoBuM BYEHHS IO 0i0reoXiMidHi MPOBIHIIT IPYHTY€ETHCS HA BU3HAHHI TOTO,
10 B JICSKUX PErioHax KOMITIOHEHTH JaHAmAaQTy, MepII 3a Bce IPYHTH, HE MICTATH 30BCIM
YU MICTATh HEOOCTaTHIO KUTBKICTh JAESKHX MIKPOENEMEHTIB, a0 HaBIakd, MICTUTH iX
3a0araro, 10 i 3yMOBJIIOE€ BHHHKHEHHS 1 PO3MOBCIOMKCHHS MAaCOBHX, BIACTHBHX IaHil
MICIICBOCTI CHICMIYHHX 3aXBOPIOBAHb.

HanxomkeHHs! eJIeMEeHTIB 3 IPYHTY B POCIIMHH 3aJIEKUTh BiJl OPM iX 3HAXOJDKEHHS B
TPYHTI, a TaKOX BiJ 3arajnbHOro XIMIYHOTO CKJIQJy TPYHTYy, HOro peakuii, OKHCHO-
BIZJHOBHOTO NOTEHIially, (Pi3MYHUX BIACTHBOCTEH 1 OI0JIOTIYHOI MiSUIBHOCTI I'PYHTOBHX
opraHismiB. POCITHHHM 3aCBOIOIOTH XIMIYHI €JIEMEHTH B KUIBKOCTSX, SKi HEOOXiTHI s
BUKOHAHHS 1X XUTTEBHX (DYHKIIH. AJle MpH I[bOMY HASBHICTH IiIBHUIICHUX KOHIICHTpAIiit
MEBHOTO €JIEMEHTYy B TIPYHTI 4YacTO NPHU3BOJWTH O BHMYIIEHOTO 3aCBOEHHS IIHOTO
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eJIeMEeHTY, 10 MO)Ke OyTH MIKIIJIMBHM [UIS KUTTENSUTBHOCTI pocinuH. B Toil ke wac y
POCIMH € pi3HOMaHITHI cTpaTerii 3amo0iraHHs 3pOCTAHHIO BMICTYy BaXXKHX METAaJiB
(Gryshko et al., 2012).

O. I1. Bunorpanos (1952) BHOKpEMUB JiBa THITH TPAHCIOKAIII] XIMIYHHX CJICMCHTIB:

A) rpymnoBe, KOJM BCi POCIMHHM B MeXax MPOBIHILII 3 BUCOKMM BMICTOM TOTO 4
IHILIOTO €JIEMEHTY B IPYHTAX HAKOMHYYIOTh HOTO B IMTiJIBUIIEHUX KUIBKOCTSX;

b) cenekruBHe BupmoBe, abo, wacrimie, poIOBE, KOIM OKpeMHH Bujx abo pin
POCIIMHHOCTI 3aBXAM B PI3HUX yMOBax BHPOILYBaHHS MICTUTH IIJBHIIEHY KiJIbKICTh
MIEBHOTO €JIEMEHTY B IOPIBHSHHI 3 CyCIIHIMHU BUAaMH (pOJaMu); TaK, IIHPOKO BiZIOMOIO €
rajiMeiiHa ¢uiopa, sKa aKTHBHO KOHLEHTPYE LMHK, acTparajd, SsKi CEeJICKTHBHO
HaKONUYYIOTh CEJIEeH TOLIO.

MexaHi3M HaIXOMKEHHS XIMIYHUX €JIEMEHTIB B POCIHHH, B TOMY YHCII TOKCHYHHX
€JIEMEHTIB, BAKKAX METANiB Ta PaliOHyKIi/IiB, MOSICHIOE cHcTeMa O6ap’epHO-0e30ap’epHOTO
HaKONIMYEHHS, HayKoBo oOrpyHTOBaHa A. JI. KoBanescrkum (Kovalevskii, 1969). CytHicTh
1 moJyiAirae B TOMY, IIO POCIMHH TOTJIMHAIOTH XIMiYHI €JIeMEHTH BHOIPKOBO Y BiAIIOBiAHOCTI
J0 X OlOJOriYHMX OCOOJMBOCTEH, BHPOOJCHUX TPUBAIOIO EBOJIOIIEIO 1 3aKpIiIUICHUX
010XIMIYHUMHU MEXaHI3MaMH.

B ymoBax MicTa ax HiSK HE BHCTayajlo 4acy /jis €BOJIIOLiiHOro (opMmyBaHHs
¢izionoriynoi, Mopdo-pyHKIIOHAIBFHOT ajanTamii pociMH 10 CHEUU(IYHHX YMOB
MIHEpaJbHOTO JKUBJIEHHA. Y 3B’S3Ky 3 IIMM 1 iCHye HaranbHa norpeda y BUBUYCHHI
oco0MBOCTEN CTaHy MiHEpaIbHHUX €JIEMEHTIB B IPYHTaX MICBKHX ariioMeparii, criernudiku
iX TOTTMHAHHS Ta TPAHCIOKAIii B OpraHax pi3HUX AepeBHUX mopia. Lle HeoOXimHO s
TOro, MO0 BCTAHOBUTH, SAKi BHAM ACPEB HAWOULIBII MpHUIATHI JUIS X KyJIbTHBYBAaHHS B
YMOBax MicTa.

MeTo0 AaHOTO JOCTIKEHHS € 3’ACyBaHHS OCOOJIMBOCTEH PO3IMOILTY MaKpo- 1
MIKpPOEGJIEMEHTIB Yy OMaluX JHCTKaxX PSRy IEpPEeBHUX IMOpiA Ta IpyHTax y Mexax Kueo-
CasTommHCbKOTO paiioHy KuiBchkoro meramnodicy. Byna nocrasieHa 3ajaya BU3HA4YCHHS
IHTEHCHBHOCTI TIpOlleCY BHJIYI'OBYBaHHSI E€JIEMEHTIB 3 OINAaNoro JIMCTS B IpoLeci Horo
po3KIanLy.

OB’EKTU | METOAOU OOCHIAXEHHA

JocimkyBanu 3pa3ku OMaluX JHUCTKIB epeBHUX mopin (Aesculus hippocastanum L.,
Alnus, Acer, Betula, Populus, Quercus, Viburnum ta Yuglans spp.) Ta IpyHTiB, 310paHux B
Mmexax Kuepo-Cestommucekoro paitony KuiBcekoro wmeramomicy. IpyHTH Ta JHCTKH
BizgOMpainy Oinist iepeB y OCiHHIN Ta BECHSIHUI Iepioju.

[pu pocmimkeHHi OyiIM BUKOPWUCTAaHI HACTYIIHI METOIU: XIMIYHI, CIEKTpaIbHUN
aHai3, aToMHO-a0copOuiitHmii aHami3 Ta Metoq ICP-MS.

VY poOorti st po3drHEHHs MPo0 BUKOPUCTOBYBAKCS KOHIEHTpoBaHi kucimotu HF,
HCI, HNO;, H,SO,;, H3PO, siki [10JaTKOBO OYMIIYBaJM 32 JOMOMOIOK CHUCTEMH
Subboiling. [{is moOyaoBu KaniOpyBasibHUX TpadikiB 3aCTOCOBYBaIM CTAaHIAPTHI PO3ZYMHHU
enemenTiB Fluka (pipmu SIGMA-OLORICH, Hlsetinapist). Po3untenHst npo6 mpoBOAMIN
B MikpoxBuwiboBii nedi ETNOS ¢ipmu MILISTONE (Itanist). ¥ sikocTi BHYTPIIIHBOTO
CTaHAapTy BHKOPHCTOBYBaBCs 'In, i3 30BHimmHiX — cTangapTHi 3pasku rpynTis CIIIIC-2,
CAIIC-1 (nepHOBO-MIA30IMUCTI 3pa3KH IPYHTIB).

[TpoOu rpyHTIB Ta POCIMH PO3KIAIAINCS 332 OMHIEIO 3 HACTYIHUX aHAJTITHYHUX CXEM
(Ponomarenko et al., 2008).

Ananimuuna cxema Ne 1. 3OIACHIOETBCS PO3KIA[ MPOOHM a30THOIO KHCIOTOIO.
HaBaxky 0,1 T mocmimkyBaHOTO MaTepialy NOMIIIadd B TE()IOHOBHIA aBTOKIIAB,
npomuBaity 10 M1 a30THOT Kucnotn (rycruna 1,4 r/em’). Potop BeranoBmoBamu B MX-miy,
Ky HarpiBamu 3a nporpamoro mpu 200 °C npotsrom 30 xB. Ilicns oxom0mKeHHS aBTOKIaBa
PO3UMH TIEPEBOAWIM B IUIATHHOBI YaIIKW 1 BHIIAPOBYBaNM 10 Bosorux cojeil. Comi
PO3YMHSIN NIPY HarpiBaHHI B 5 %-Hil a30THINA KUcI0Ti. Po3unH nepennBanu B MipHYy KOOy
06’emoM 50 M1 1 JOBOJMIH A0 MITKH 5 %-HUM PO3YMHOM Ti€l K KHCIIOTH.
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Ananimuuna cxema MNe 2. MeTtoxm IpPYHTYeThCS Ha pO3KIaJaHHI Marepiaiy
(hTOPUCTOBOTHEBOIO Ta a30THOIO KHciaoramMu B MX-mewi. Hasaxky 0,25-0,1 r
JIOCTIDKYBaHOTO MaTepialy IMOMIl[ad B aBTOKJIaB 13 (TOPOIUIACTY, 3MOYyBaIA
JIEKITbKOMa KparuidHaMe  BoaW, jomaBamd 10 mu  a3otHoi kucmotn 1 10 ot
(bTOpUCTOBOAHEBOI KUCIOTH Ta HarpiBaiu 3a temneparypu 220 °C npotsirom 30 xB. [ToTim
PO3YHMH BUIMAPOBYBAIM Ha BOJSHIA OaHI O YTBOPEHHS BOJOTHX COjied, oOMUBaIM Kpai
YalIK{ BOJOIO, MOBTOPIOBAJIM BHUIIAPOBYBAHHS HA MilIaHii OaHi O MOSBH CyXUX COJIEH.
3aauIIoK CoJie PO3YHHSIN HArpiBarOYM Ta MOJABAIMA 5 MJI a30THOI KUCIOTH. OnepikaHuii
PO3UHMH MEepeTUBAN B MipHY KOJIOY MICTKICTIO 50 MIT i TOBOAMIHM 00’ €M 110 MITKH 5 %-HOIO
A30THOIO KUCJIOTOIO.

Ananimuuna cxema posknadannsn Ne 3. Meton IpyHTYETbCS Ha PO3KIIaAaHHI TIPOO Y
CyMimIi a30THOI, PTopruCTOBOAHEBOI i cipyaHoi kucinoT B MX-meui. HaBaxkky npobu 0,1—
0,2 r nomimanum B 4YamKy 31 CKIOBYIJICHIO, JMAOJWBANA S5 MIJI a30THOI, 2 M
¢ropucroBoaneBoi 1 1 Mi cipyanoi abo xyopHoi kuciotu. Yamky HarpiBamu npu 100 °C
mpotsrom 60 xB. Omeparito po3kiaxy pedoBHHH moBToproBand B cymimti HNO;+HCIO,
(1:1). TIlicms OXONOMKEHHS AaBTOKJIaBa OOMHBAIM KPHIIKY IOCYAWHH BOIOK 1
BHIIAPOBYBAJIH PO3YHH JI0 BOJIOTHX COJEH. 3aMUIIOK po3unHsui B 10 MIT a30THOT KHCIOTH
(1:1), mepenuBany po34nH y MipHY KOOy MICTKICTIO 50 MJI 1 TOTMBAIIN 10 MITKH BOJIOIO.

BwmicT Bakkux MeTaliB Ta celeHy BH3HA4alM 3a JOIOMOIOI0 MAac-CIHEKTpOMeTpa 3
iHAyKUidHO 3B’ s13aH010 11asmoto (ICP-MS) ananizaropa Element-2 (Himeuunna). [Toxnoka
BUMIipIoBaHHs 0<3 % 3riJHO 3 JOAATKOM JI0 cBijouTBa mpo atecrauito Ne [1T-0347/01.

Jnst KijgbKICHOI OIIIHKM HAJIXOJKEHHS MIKPOEGJIEMEHTIB 3 IPYHTY B POCIHHHICTBH
HaifyacTime 3acTtocoByeThbcs KoedimieHT Oionmoriynoro HakornwmueHHs (K), sxuid
BU3HAYA€ETHCS CIIBBIHOIIEHHSM BMICTY MeTaly B OAWHHII Macu akuenTtopa — A (pocivuHu
B IIepepaxyHKy Ha ii 3011y) i JoHOpa — D (TpyHTY):

KH :B'

PE3YJIbTATU TA IX OBTOBOPEHHHA

Jani XiMIYHMX BHM3HAU€Hb BMICTy MaKpOKOMIIOHEHTIB B ONAJIMX JIMCTKaX pI3HUX
JIEpPEeBHUX TIOPi TpeacTaBieHi B Tadmumi 1.

Tabauys 1
BwmicT MakpoenemMeHTIB y onaJjiomy JucTi AepeB, %o
HAepenna 30i1bHICTE, % Na K Ca Mg P S
nopoJia

Tomomns 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
Ny6 10,63 0,08 3,19 15,55 0,66 0,47 0,75
Kiten 14,97 0,02 2,32 15,49 3,89 0,4 0,85

BwMicT HaTpifo B JIMCTKaxX AEpeB CBIKOTO omany KoimBaeTbest B Mexkax 0,02-0,08 %.
3a BMICTOM KaJiio y JIICTKaX B OCiHHIN Iepiod AepeBa pO3TAIIOBYIOTHCS y HACTYITHOMY
nopsiaky: 6epesza (3,49 %) > my6 (3,19 %) > tomomns (3,14 %) > kuen (2,2 %). Ilicns
3UMOBOTO TIepioy BiAOyBa€eThCSI BUHOC KaJIifO 13 TUCTKIB BCIX BHIIB JepeB, KOHIICHTPALIiS
HATPIIO IPU IIbOMY Maii’Ke He 3MiHIOETHCS.

BMiCT ny)HO3eMeJIbHHX €NIeMEHTIB (KaJIbI[I0 1 MarHilo) B CBIXO-OMAaJMX JIHCTKaX
nepeB Bapiroe y mexax 14,5-15 % 1 0,66-3,89 % siamosimHo. Haiibinbma KiIbKicTh
MArHI0 BiI3HAYAETHCS Y JHCTKaX KieHy i ronoumi (3,89 i 2,04 % BiAMOBIAHO), HAlIMEHIIIA —
y ny6a (0,66 %). Ilicas 3uMOBOro Mepiogy CIOCTEPIra€ThCs 3HAYHMN BUHOC MAarHiro i3
JIUCTKIB TOTIOJII.
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Bimomo, mo Ha MirpamiiHy MOBEmiHKY MAaKpo- Ta MIKPOEIIEMEHTIB B CHCTEMI
«pOCIIMHA-TPYHT» B 3HA4HIA Mipi BIUTMBae BMICT Qocdopy Ta opraHiuHHX KHCIOT B
nuctkax Ta rpyHrax (Vynogradov, 1952; Mineev, 1990). 3a HamuMu AaHUMH, BMICT
docdopy B mucTKax aepeBHuX mopia ctanoBus 0,4—0,69 %.

VY pociuHax ¢ochop 3HaXOAUTHCS B OpraHiyHiid Ta MiHepanbHild (opmax. [Ticas ix
BigmMupaHHs (ocdopHi CIOMyKHM MIHEpaNi3yIOThCs, YTBOPIOIOYM Ba)KKO PO3YMHHI COJIi
KaJIbIil0, MarHito, 3aJi3a. 3aBIsSKy Aii IpyHTOBHX OakTepii, 110 CIPUSIOTH iX PO3UYMHHOCTI,
1li CITOJIYKH 3HOBY CTalOTh JOCTYITHUMHU Juisi pocinH (Mineev, 1990).

TakuM 4YMHOM, y ONAJMX JINCTKAaX TOIOJI, SIKI IPOJISKAIN 3UMY CIOCTEPIraeThes
cuibHe 30imHeHHS Mg (10 pa3iB) i minBumeHHs KoHIEHTpalii Na B 2 pasu. Onai JIMCTKH
Oepe3n XapaKTepH3yIThCSA CYTTEBUM 3MEHIICHHAM KinbKkocTi P (14 paziB), Ca (5 paziB) 1 S
(3 pasm), mpote HezHAyHMM HakomuueHHsM Mg (3 1,05 mo 1,17 %). ns muctkiB myba
XapakTepHe YOTUPbOXKpaTHE 30iqHeHHs Ha Na i Take  30aradeHns Ha Mg. Jlns JHCTKIB
KJICHY Y BECHSHHUH MEepioj CIOCTEepiraeTbes noMipHe 30inHeHHS (TIOPiBHAHO 3 OCIHHIM) Ha
BCI MaKpOENEMEHTH, OKpiM (ocdopy, i SKOTo BiqOyBaeThCs HAKOMUYEHHS B 1,5 pa3m.

AHaJIITHYHI JaHi Ipo BMICT MIKPOEJIEMEHTIB Y OINaJIMX JIMCTKaX HaBe/IeHi B Ta0uuI 2.

Tabnuys 2
CepeaHniii BMicT MikpoeJieMeHTIB B JINCTI AepeB, MI/KI
Aepeniia |\l | ze | Mo | V| cu | Pb | zZn | Cr | ser
nopoja
Tonomns 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 - -
Kanuna 240 300 300 3 6 15 3 28 - -
Jy6 3110 800 56 3 12 23 14 86 5 14
Kamrran 2200 760 50 2.4 4 10 12 80 4 -
Topix 2700 820 54 2,8 6 12 10 86 5 18
Knen 2800 1000 110 2,6 5 18 20 30 4 12
IpyHT 400 3200 | 350 0,8 1 16 10 30 17 90

Ipumirka: * — KOHIEHTpALliS eIeMEHTa TIOAaHa B MKI/KT; «—» — BMICT €JIEMEHTY 3HaXOIUTHCS 1032
Me)KaMU BU3HAYEHHST METOIUKH.

3a mopsKOM KOHIEHTpalii B ONaIMX JIMCTKaX Pi3HUX JAEPEBHUX IOPil MiHEepasbHi
€JIEMEHTH MOXHA 00’ €THATH y TPU TPYIIH:

1. EnemeHTH 3 minBUILEHOIO KOHIEHTpauiero — Mn, Ti.

2. Enementu cepenuix xkoHueHtpauniii — Zr, Cu, Zn.

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

JlociimKkeHHsT BMICTYy MiHEpallbHHX €JEMEHTIB y JIMCTKaX PIi3HUX JIEpEeBHHX IIOPin
MoKa3ye, 10 HaWOiUmbIIe KOHIEHTPYIOTh Mn, Ti, Zr Bumu poxiB my0, KamraH, ropix y
MOpiBHSAHHI 3 Oepe3or0 Ta Biumbxor. JlmcTku Oepe3m 30aradeHi, MOPIBHAHO 3 IHIIAMHU
Bugamu nepes, Cu, Zn, Pb. Hait0inpmmmii BMiCT CelleHy CIIOCTEPIraeThCs I INCTKIB BU/IB
ropixy. Mo Ta Cr BUSBICHO Mai)keé B OJHAKOBHX KUIBKOCTSX Yy BCIX TOCHTIKYBaHHX
MopoJax, OKPiM BUTBXH Ta KaJIMHU.

MikpoeneMeHTH I0-pi3HOMY BHIIy4YalOThCS POCIMHAMH 13 IpyHTY. lloka3HHKOM
IHTEHCHBHOCTI BHWJIYYeHHs BHCTynae KoedilieHT OiosoriuHoro HakonudeHHs. CyTTeBO
HaKOMHMYYIOThCS ITOPIBHSHO 3 IPYHTOM B JIMCTKaX JIOCHI/PKYBaHUX jaepeB Mn, V (K, 4-12),
cepeHi 3HaueHHs xapaktepHi it Cu, Zn, Mo, Pb (K, — 1-4), HakONWYEeHHS BiJCYTHE IS
Ti, Zr, Cr, Se (K, — 0,07-0,86). BuxitoucHHs CTaHOBJATH JIUCTKH Oepe3u, VIS SKHUX
BUSBJICHO iHTeHCHBHE 30aradeHHs Ha Cu (K,=11) Ta Zn (K,=9) (puc. 1).
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IIpumirka: * — KOHUEHTpallis eneMeHTa moxana B MKr/kr; 3rigo A. 1. Tlepemsmany (1999),
KoeQilieHT 6i0JOTiYHOTO MOTJIMHAHHS Oinbine 1 BKkasye Ha iHTEHCHBHE MOIJIMHAHHS, a MeHIIe | — Ha
cepenHe i cabKe MOTJIMHAHHS.
Puc. 1. KoediuienTn 6iostoriunoro Hakonuvennsi (Kn) MikpoejeMeHTiB JJIs1 ONAJIUX JMCTKIB
pi3HuX nopix aepes

IToxibHi nocmimkeHHsS aBTOpYM TPOBOAMIN HJs JEPEBHUX IMOPiN YKpaiHCHKOTO
[omiccst, pe3ynpTat sAKkuxX HaBeneHi y myOmikamii A. 1. Camuyka 31 cmiBaBTOpamu
(Samchuk et al., 2006). [lani Mo ceperHLOMY BMICTY MIKPOCJIESMEHTIB B 30J1i JIUCTKIB JICPEB
KuiBcbkoro meranomicy Ta Ykpaincekoro [lomiccs KOpenromTh, OJHAK POCIUHU
KuiBcbkoro Meramouticy Oinpln 30araueHi MIKpOEJIEMEHTaMU Ta MalOTh BUIII Koe(illieHTH
TIOTJIMHAHHS, 1[0 00YMOBIIEHE CIeU(pIYHIMHI YMOBaMHU MICBKOI arimoMepartii.

[opiBHAHHS KOHLEHTpALiii MIKPOEIEMEHTIB y JIMCTKaX, 310paHMX y OCIHHIA Ta
BECHSIHUH 1iepionu (puc. 2), cBiA4MUTh Npo Te, mo Bmict Ti, Zr, Mo, V 3MiHI0€ThCs c1ab0
(~3-5 %). Ha mpotuBary nupoMy, koruenrpauis Cu, Zn, Mn, Pb, Se cyTTeBO 3MeHIIy€eThCS
(~25-30 %) micns 3uMiBm omanoro JjucTsa. O4yeBHIOHO, 116 OOYMOBIICHE YTBOPEHHSM
pyxoMux ¢GopM TepepaxOBaHUX BHINE €JICMEHTIB min aicro (ymsBoBOi kucimotu. OTxe
OCTaHHI EJIEMEHTH IIBUAIIE HAIXOIATh IO IPYHTY 1 CTAalOTh AOCTYIHHMH ISl pociuH. Ti,
Zr, Mo, V MaloTh NOBIIMM LHUKJI NEPETBOPEHHS, L0 3 YacOM MOXKE IPU3BECTU A0
30iqHEHHS TPYHTIB IUMH eleMeHTaMu. BUBYEHHS IIBUAKOCTI BiTHOBJIECHHS E€JIEMEHTHOTO
CKJIaly IPYHTIB HEOOXiTHE [UIs BUPILICHHS MUTAHHS PO BHECEHHS BiIMOBIIHUX JOOPHB.

Jnst mociipkeHHsST pyXOMOCTI BaXKKMX METaliB HamMH Oynu BU3Ha4YeHi (GopMu iX
3HaXO/UKeHHs1 y IpyHTi (puc. 3). s Bcix MiKpoelleMEHTIB HaiiOinblia vacTka cepen
pyxomux (opm mpumnamae Ha opranigny (40-50 %), MeHIIa — Ha COpOOBaHY TiIPOKCHIAMU
(28-38 %). s Mn, Cr, Ni ¢ikcoBana ¢opma nepeBaxae Haja ioHHO-oOMiHHOIO, 1t Cu,
Pb crioctepiraerbest 3BopoTHa TeHIeHMIA. YacTka Bogopo3dnHHOI popmu HesHauHa — 0,04—
0,1 %. CriBBigHOUIEHHSI MiIX PYXOMHMH (OpPMaMH BaXKHX METaJiB B IPYHTaX Bapiroe
3QIEKHO Bi TOro, sfKa Ji€peBHA MOpoJa HAa HUX 3pocrae. [pyHtm min Gepesamu
XapaKTepU3yIOThCsl HaWOUmbIIO dacTkoro BogoposumHHuX (0,08-0,15 %), ioHHO-
obominnux (14-18 %) Ta opraniunux ¢opm (4650 %). IlopiBHAHO 3 IHIIUMH JEpPEBAMH,
MiJ TOMONAMHU CIIOCTEPITaeThCs MiABHUIEHHS YacTKH COpOOBaHOI (OpMH 3HAXOKEHHS
MikpoeneMeHTiB y rpyHTax (32-38 %).

[ToBexiHKa Ba)XKUX METAJTIB B IPYHTaX 3HAYHOIO MipOIO OOYMOBIIIOETHCS HASBHICTIO 1
KIJIBKICTIO B HUX OpPraHIuHOi peYOBHHH, OCOOJIMBO I'yMYCOBUX (I'YMIHOBHX Ta ()YJIbBOBHX)
KUCIIOT. BOHM BIUTMBAIOTH HA MTPOIIECH PO3YMHHOCTI, YTBOPEHHSI HEPO3YHHHUX 1 PO3UMHHUX
KOMIUIEKCHHX 3’€JIHaHb, KOAryJII0 1 EKpaHyBaHHS IOBEPXHI MiHEPAIBHUX 4YacTOK
TUTIBKaMH TeJiB.
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Ipumitka: Se * — KOHIEHTpALlis eJIeMEeHTa [O/IaHa B MKI/KT.

Puc. 2. Cepenniii BMicT MiKkpoeJieMeHTIiB B OIAJINX JHUCTKAX Pi3HUX MOPix AepeB
y BecHsiHUH i ociHHiii mepioau, Mr/kr

IMpumitka: 1 — opraniuna; 2 — dikcoBana; 3 — ioHOOOMiHHA; 4 — cOpOOBaHa Ha IiJPOKCHIAX.
Puc. 3. Pyxomi ¢ropmMu 3HaX01:KeHHsI MiKpoeJIeMeHTiB y IpyHTax, %
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3 Tabn. 3 BUAHO, MO HAHOUIBITY KUTBKICTH TYMYCy BMIIIy€ IPYHT min Oepe3oro, a
HaiiMeHITy — mix Tomouero. Llel pe3ymbraT miaTBepAKy€e OCOOIMBOCTI BILIMBY JIHCTOBOTO
oTay Ha OpraHiYHUN CKJaja IpyHTy. Haitbinbime rpyHT 30aradye rymycom Oepesa, JIUCTKU
AKO{ IIBUAKO PO3KIANAIOTHCS, TOAL K y TOINOJI, A€ 3a 3UMOBUII epiof nepeBaxae mpouec
MiHepai3allii JIMCTKOBOTO OMajy, yTBOPEHHS y IPYHTI T'YMiHOBUX PEUOBHMH HaiiMEHIIE.

Tabauys 3
BmicT opraniuHoi peyoBHHH Y IPYHTAX miJ JepeBamu pizHux nopia (%)

Bwuicr Brparn
JepesHa opra- . AncopboBaHa BoJa .

. Bwmict rymycy o TIPY MIPOKATIOBAHH1

nopoja HIYHOTO mpu 100-105°C (1000 °C)
BYTJIEIIIO
Bepesa 3,77 6,41 1,7 10,31
Hy6 2,93 4,98 2,09 10,49
Knen 2,87 4,88 1,59 7,92
Tonons 2,48 4,21 1,44 7,41
BUCHOBKMH

JociimkeHHs] BMICTY Makpo- i MIKpPOEJIEMEHTIB B ONaJMX JHMCTKAX PI3HUX JEPEBHUX
MOpiA B OCIHHIN Mepios 1 micis 3UMIBIIL JO3BOJIMIIO 3pOOUTH HACTYITHI BUCHOBKH:

1. ¥V smcrkax paepeB HaiOLiblie BiOyBaeThbCs HAKOMMYEHHsS HATpilo, Kalliio,
KaJIbIlif0, MarHiro. BMicT HaATpir0 i Kajito, Kalblil0 i MarHif0 B CBDKO-ONAIUX JHUCTKAX
nepe Bapiroe B mexax (0,02-0,08 %), (2,2-3,49 %), (14,5-15,0 %), (0,66-3,89 %)
BiJITIOBIJTHO; TICIIST 3UMOBOTO IEPiOAy BiJOYBAa€ThCS BHHOC KAaJiFO i3 JIMCTKIB BCiX BHJIIB
JICPEBHUX TIOPiJI, BMICT KAIBIIIIO IPU IIbOMY MPAKTUYHO HE 3MIHIOETHCS.

2. BMicT MiKpoelleMeHTIB crienudivHui UTsk KOXKHOTO BUAYy Aepes. Bumu p. bepesa €
koHneHtparopamu Cu (180 wmr/kr), Pb (20 wmr/kr), Zn (280 wmr/xr), p. Fopix — Se
(18 mxr/kr), p. Ay6 — Mn (3110 mr/kr), V (12 mr/kr), p. Kammaa — Zr (300 mr/kr). ITicas
3umiBai Bmict Ti, Zr, Mo, V B onajmx JUCTKax Maibke He 3MIHIOEThCs (~3-5 %), a
konuenrpaiis Cu, Zn, Mn, Pb, Se cyrreBo 3menmtyernest (~25-30 %).

3. Po3paxoBani koe(dimieHTH OIOJOTIYHOTO IOTJIHMHAHHS CBIqYaTh, IO IHTCHCHBHO
Hakonnuytotecss Cu (K,=11), Zn (K,=9), Mn, V (K,=4-12), HakOmW4yeHHs HE
cnocrepiraerscst s Ti, Zr, Cr, Se (K, =0,07-0,86).

4. JlocmimpkeHHss (GoOpM 3HAaXOJDKEHHS MIKPOEGJIEMEHTIB y IPYHTI MOKasayo, M0
HalOlIbIIa YacTKa NPHUIIaaEe Ha YMOBHO PyXoMi ()OPMH, IO BHIIYTOBYIOTBCS I €0
ciabkuxX KUCIoT: opraniuny (40-50 %), meHiie — Ha copOoBaHy rigpokcunamu (28-38 %).
HaiiGinpima pyxomicTb, a OT)Ke, 1 JOCTYIHICTh IJISl POCIMH, XapaKTepHa Ul I'PYHTIB, Ha
SIKMX 3pPOCTAalOTh BHAW pony bepesa. s muX TPyHTIB BIACTHBHU 1 HAHOLTBIINIA BMiCT
TYMYCOBHX PEUOBHH, IO MiJTBEP/KYE MIBHIKUHA MPOLIEC PO3KIAJAHHS JUCTKIB Oepe3u.
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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):
JIAY 5, Ellada, Avhusto (triticale); KC 17, J1 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, JIAY 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,
J14696/96);

— 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:
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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, IAY 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, IAY 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.

VK 581.524.3:631.147: T. 3. MockaJei KaHJI. OMOJ. HayYK, JIOIL.
631.4:631.8:631.95 B. B. MockaJen J-p C.-X. HayK, CTap. Hay4. COTp.
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AYTIKOJOM'M4YECKHUE N AEM3KONIOM'M4YECKUE NPOSABIIEHUA
MOAN®UKALIMOHHOU CNOCOBHOCTU FTEHOTUNOB TPUBbI TRITICEAE
NECOCTENHOIO U NMNONECCKOIO 3KOTUNOB

AHHOTAIUA. DKCIIEPUMEHTAILHO HCCIE0BAaHO OHOIEHOTHYECKOE IPOSBICHUE MOAM(pHKA-
IMOHHOHN CITIOCOOHOCTH T'€HOTHIIOB TPUTHKAJIE O3UMOTO U IIIISHHI[B MATKOI 03MMOH JIECOCTEITHOTO 1
MOJIECCKOTO JKOTHIIOB, B 3aBUCHMOCTH OT arposkojorumueckux Qakropo. Copra TpuTHKale MU
NIICHUNBl  U3Y4eHbl KaK JKOMOpP(HMYECKHE TI'EOLCHOKOHCOPIMH, YTO  OIPEACNIMIO  HX
arpo3KOJIOTUUECKYIO OLIEHKY B 3aBUCHMOCTH OT T€HOTUIMYECKUX U (PEHOTHITHUECKUX XapaKTEPUCTUK
(3UMO-, TIOCYXOYCTOMYMBOCTb, IUIOMIAAb JHCTOBOH MOBEPXHOCTH, YCTOMYMBOCTH K OOJE3HAM U
BPEIUTEISIM, yPOXKAIHOCTh M Ka4eCTBO 3€pHA M JIp.), HA OCHOBE YETO NMPEATIOKEHA CXeMa CO3TaHMs
YCTOHYUBBIX BBICOKOIMPOAYKTHBHBIX (HTOIEHO30B TPHUTHKANIE O3MMOTO M IIICHHIB MATKOH Ha
Pa3IMYHBIX MEPAPXMIECKUX YPOBHAX (ayTIKOJIOTHMYECKOM, AEMIKOJIOTHUECKOM, OMOLIEHOTHYECKOM,
9KOCHCTEMHOM), IyTeM CeJICKIMH ¥ ampobammu skoMop¢ (TmOpHmoB, JIMHUIY) 1O ARy IEHHBIX
XO3SMCTBEHHBIX M OKOJOTMYECKMX IpU3HAKoB. Bmecte ¢ Mopdo- u  Qusnonornyeckumu
XapaKTepUCTHKAaMH COPTOB M JIMHMH KOHKPETHBIX OJKOTHIIOB, HPEIUIOKEHO MCHONB30BaTh X
sKOMOpdHUUecKHe OCOOCHHOCTH PpEaKLMH Ha BO3AEHCTBUE OIPENENCHHBIX AarpoTEXHUYECKHX
(akTOpoB (MHHEpAIbHBIC YIOOpEHUsI, MUKPOOHBIE IpenapaThbl, NPEALICCTBEHHUKH, HOPMA U CPOKH
BBICEBA CEMSH).

Knrouesvie cnosa: sxomopghor Triticum aestivum (L.) u Triticosecale Witt., aymakonoeuveckue
U 0eMIKOI02UYeCKUe NPOABIEHUSL.
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AYTEKOJOrI4YHI TA AEMEKONOII4HI NPOABU
MOAUDIKALUIMHOI 30ATHOCTI FTEHOTUNIB TPUBU TRITICEAE
NICOCTENOBOIO TA NONICbKOIro EKOTUMIB

AHoTamnis. ExcriepuMeHTaIbHO JOCIIHKEHO OI0NEHOTHYHI MIPOSBU MOAUDIKAIIHHOT 30aTHOCTI
TCHOTHIIIB TPUTHKAJIE O3UMOTO i IIIEHWI[ M’SKOi 03UMO{ JIICOCTEIIOBOTO Ta MOJNICHKOrO €KOTHIIB,
3aJIeKHO BiJl arpoeKoyIoriyHuX 4MHHUKIB. COPTH TPHUTHKAJE 1 IIIEHUI BUBYEHO SIK eKOMOp(divHi
TCOLICHOKOHCOPIIii, 10 BH3HAYWIIO IX arpoeKOJIOTiYHY OL(HKY 3aJIe)KHO BiJl TCHOTUIIOBHX Ta
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(DCHOTUMOBUX XapPaKTEPUCTUK (3UMO-, MOCYXOCTIHKICTh, IUIOIIA JHCTKOBOI IMOBEPXHi, CTIHKICTh
HPOTH XBOPOO i HIKITHHKIB, YPOXKAHHICTh Ta SKICTh 3epHA Ta iH.), HA OCHOBI YO0 3alpOIIOHOBAHO
CXEMy CTBOPEHHS CTIHKMX BUCOKOMPOAYKTUBHUX (iTOLEHO3IB TPUTHKAIIE O3UMOTO i MIICHHI M SIKOT
03UMO1 Ha pI3HUX i€papXivyHUX PIBHAX (ayTEKOJOTIYHOMY, IEMEKOJOTiYHOMY, O10IEHOTHYHOMY,
€KOCHCTEMHOMY), HUISXOM BUBEICHHA Ta 3alpoBaKeHHS ekomopd (TiOpuuiB, JiHIA) 3 HHU3KOIO
IIHHUX TOCHOMApChKHX Ta eKojorigyHumx osHak. [Ilopsm 3 Mopdo- Ta isionoriunnmu
XapaKTepUCTHKAMH COPTIB 1 JIHI KOHKPETHHX €KOTHIIIB, 3al[POIIOHOBAHO BHUKOPUCTOBYBATH iXHI
exoMop(ivHi 0COOIMBOCTI peakiii Ha BIUIMB IIEBHUX arpOTEXHIYHUX YMHHUKIB (MiHepalbHi 100pyBa,
MIKpOOHI TIperapar, IoNepeTHIKN, HOpMa Ta CTPOKH BHCIBY HACiHHS).

Kniouosi cnosa: exomopgpu Triticum aestivum (L.) i Triticosecale Witt., aymexonociuni ma
0eMeK0I02IUHI NPOSGU.

BCTYN

ExocucreMHHI MiAXiA po3KpHBAa€ KOMIUICKCHICTD 1 IWHAMIUHY MPHPOIY SKOCHUCTEM
(Didukh and Pliuta, 1994; Bykov, 1988; Holubets, 2010) Ta € Ba)JIMBUM y pPO3poOIIi
HayKOBO-OOIPYHTOBaHOT MPAaKTUKH BEICHHS CUIBCBKOTO TOCHOAAPCTBA MalOyTHHOTO
(Khramtsov, L. I. and Khramtsov, V. L., 2013). Tputukase o3uMe i MIICHALS M’ SKa 031Ma,
AKi BimHOCATBCA 10 TpubH llmennyni (Triticeae), mpuBepTaoTh 10 cebe 0cOONMMBY yBary 3a
HHU3KOIO KIIFOYOBHX O3HAK: BPOXKAHHICTh, XapyoBa LIHHICTb, CTIHKICTh NPOTH HECHPHUATINBHX
a010THYHHUX 1 OI0THYHHUX YMHHUKIB, BUCOKA €KOJIOTIYHA MJIACTUYHICTh Ta iH.

He posp’s3aHor0 3anuimaetscss npobiieMa (OpMyBaHHS BUCOKOIPOMYKTUBHHX 1
€KOJIOr0-aIaNTHBHUX (DITOLIEHO3IB MIIEHUII M KO i TPUTHUKAJIE 03UMOTO JIICOCTENOBOIO
Ta TIOJIICBKOTO EKOTHIIB, 30KpeMa y IPYHTOBO-KIIMAaTHYHHMX 30HaX cia0Koi peasizarii
MOTCHITiATy TIICHUII O3WMMOI Ta B 30HI €KOJOriyHOi HeOesmeku. lle yHeMOXKIHBITIOE
MaKCHMaJIbHy ¥ I'apMOHI30BaHy peaii3alilo MOTEHIialy IXHIX TeHOTHIIB, 3 ypaXyBaHHIM
HHU3KH CHPHATIMBUX Ta HECIPHUATIMBUX ULl HUX €KOTOIIB, SKUMH BiIPi3HSAIOTHCS PETiOHH
BUPOIYBaHHS 36PHOBHUX KYJIBTYp B YKpaiHi.

Jnst pos3B’si3aHHS 3a3HA4YCHOI NPOOIEeMH HEOOXiIHEe IOE€IHAHHS T'OCIOIAPCHKO-
exoHomigHoro (Vernadskii, 1944) ta eKkOCHCTEMHOTO ITiTXO/1iB BHPOILTYBAHHS X KYJIBTYP
(Ramenskii, 1938; Akimov, 1948, 1954; Mazing, 1972; Travleyev, 2012), mo gacts 3Mory
Ha CydYacHOMY eTami MAakKCHMaJbHO peayli3yBaTH MOTEHIIHHI MOXIIMBOCTI TEHOTHIIB
MIICHUI[I ¥ TpPUTHKAJC O3MMUX B IICBHUX CKOJIOTIYHHX HIIIAX, SIKI HaWMOBHIIIE
BiJIMIOBIJJAIOTh CKOJIOTIYHUM yMOBaM iXHBOI CaMOpPEryJislii sK T'€OICHOKOHCOPIli abo
MIKpPOEKOCHCTEM.

st nocsirHeHHs OCTaBJICHO METH HEOOXiTHO BUBYHMTH Ta JOCIIINTH HOBI COPTH U
JiHII TpPUTHKajJe O3MMOro 1 TIIEHWII M’SKOI O3MMOi SK OKpeMi exoMopdiuHi
TEOLICHOKOHCOPLIT Ta MPOBECTH IX Ipajaliio 3a MPOSBOM I'CHOTHIOBUX Ta (DEHOTHUIIOBHX
XapaKTePHUCTUK JUT HAHKpAIIoi BiIIOBITHOCTI TEHOTHIIB MPUPOJHO-KIIMATHYHAM yMOBaM
€KOTOITy BUPOIIyBaHHSI.

MATEPIANU TA METOOU

MeTom0I0TiYHOI0 OCHOBOIO HAIIOro OCiLKeHHs Oyno BueHHs B. 1. BepHazacskoro npo
Hoocdepy (Vernadskii, 1944), xommemmis Buay sk cuctemua M. 1. BasimoBa, BueHHS
B. M. Cykauosa npo 6ioreorienos (Sukachiov, 1945), xonmenmis xorcopuii JI. I'. Pamencskoro
(Ramenskii, 1938) Ta B. M. bexnemimena (Bekliemyshev, 1951), ciibchkorocrnoaapcbka
exojorist M. T. Macroka (Masiuk et al., 1994). HaykoBO-TeOpeTHYHOO 0a3010 CTajiM CyJacHi
rinoTe3d  CaMOpPEeryJyiillii ~ arpoeKOCHMCTeM, KOHIEMII] eKOCHCTEMHOrO  MiJXOomy  Ta
€KOJIOr00e3MeyYeHOro PO3BUTKY arpapHoro BUpOOHHUITBA. HaykoBi TOCHITKEHHS BUKOHYBAIA
KOMIIJIEKCHO, BHKOPHCTOBYIOYM METOAN CLILCHKOTOCIIOAAPCHKOi EKOJIOTii: eKOCHCTEMHOTO
X0y, TOJBOBUH 1 MOP(OOIOMETPUYHHIL; JEMEKOIOTTYHIHN; aHali3y Ta CHHTE3Y, HAyKOBOI
abcTpakuil MPUYMHHO-HACIIAKOBHUX 3B 5I3KiB y NMEBHIH, JOTIYHO OOTPYHTOBaHIH MOCIIIOBHOCTI;
nmabopatopHuit; iHGOpMAIiHHIIL, MATEMaTHYHO-CTaTHCTUYHHHN; PO3PaxyHKOBO-TTOPIiBHUTHHUIA.
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PE3YNbTATU TA IX OBrOBOPEHHA

3rigo 3 BuyenHs O. JI. Benbrapga npo exomopdu — SK CYKYIHICTH POCIHH, IO
MarOTh HHM3KY CIUIBHUX TPHCTOCYBAIBHUX O3HAK JI0 NMEBHOTO €KOJOTIYHOTO YMHHHKA, MU
posrisiaany W audepeHIioBaIl COPTH 1 KOHCTAHTHI JIiHIT TPUTHKAJIC Ta MUICHHUI M’ SIKOi
03MMOi (SKMM BJAacTHBa pi3Ha €KOJIOTiYHA TUIACTUYHICT IO THX YM IHIINX aOlOTHYHMX 4X
010TWYHMX YMHHUKIB ) 32 MPUCTOCOBAHICTIO JI0 YMOB 3BOJIOKEHHS — TirpOMOpPQHICTIO,
30KpeMa Ha:

— eiepomopghu 01 yMo8 HedOCMAamub020 Ma NOMIPHO20 (HeCMIlK020) 360710M4CEHHs
(I'TK — < 0,6 i < 1): BiBare HociBcbke, [Timenndne (TpuTHKaize HAMIBKapIUKOBOTO THITY
po3eutky); KC 14, KC 5, KC 1; Hocmma 100, KC 22, KC 16, KC 21 (mmennms
HaTIBKapJIMKOBOTO TUILY PO3BUTKY);

— eiepomopghu 03 ymo8 docmamubo2o ma Haomiprozo 3gonodxcenns (I'TK =1 i
>1,5): JAY 5, Ennana, Asrycro (tputukaine); KC 17, JI 4696/96 (nenuns);

— eiepomopu 3 UCOKO BUPANCEHOI0 aA0Anmayicio 00 YM08 HeOOCMAmHb020 ma
NOMIPHO20  360]I0J4CEHHA | O00CAMHb020 MA HAOMipHO20 36010)cenHA: ClaBeTHe,
CnaBetHe mominmieHe (tputukaie); HOsiara 60, Hocmma 100, IIpuaecHsHCbKa
HamiBKapiukoBa, 3opsHa HociBcbka, KC 7, Mo 03BONMIM OJCpKATH YSIBICHHS PO
€KOJIOTIYHE PO3MAITTS YIpyIOBaHb TPUTHKAJIE O3UMOT0 1 MIIEHUIII M’ IKOT 03MMOT.

lrpomopdu, sk ayT- 1 CHHEKOJIOTiYHA KaTeropii, XapakTepusyroTh IpedepeHmii
OpraHi3MiB JI0 Tpajaliii pe:KUMy 3BOJIOKEHHS IPYHTY Ta BiTHOCHOI y4acTi B yrpymHoBaHHI
TIEBHOTO TIirpoToIry, a TpogomMopdu — 1o rpanaiiit TpodrocTi emadoromy (Belgard, 1950).
JlocmikeHHsT TeHOTHIIB 3€pHOBUX KYJIbTYp Y Pi3HHX (i3uKo-reorpadiyHuX eKOTomax,
JIO3BOJIMJIO BCTAHOBUTH, iXHIO IIEBHY TirpoMop(idHy NMpHHAIEKHICTh, TICHO TOB’S3aHOI B
MIPOCTOPOBOMY pO3MOoAiNi 3 pisHnMHE rirporornamu (Ilomices, Jlicoctemy Ta mepexigHoi 30HA
Jlicocten-Tlomices) (Taba. 1).

Tabnuys 1

Ypo:kaiinicTh 3epHa rirpomop¢ TpuTHKAaIe 03UMOTr0 3aJ1€KHO BiJl riipoTepMiYHUX YHHHHUKIB
Jlicocremy, nepexignoi 30uu Jlicocren-Iloaices Ta Ioaices, cepenne 3a 2007-2013 pp.

Tigporepmiunmit | <6 <1 1-1,5 > 1,6 >2
kxoedimient (I'TK)
Hassa copty VYpoxaitHicTb 3epHa, T/Ta
A1 256 (st) 3,2 3,8 6,1 4,9 4,3
CnaBeTHE 42 4,7 6,8 5,7 5,2
JAVY 5 3,3 32 4,7 4,8 4,4
Bisate HociBcbke 4,1 4,6 5,1 42 3,5
[Tmennune 3,7 4,5 4.8 3,5 32
ABrycro 3,5 43 5,7 48 4,5
YopHoocTucTe 3,1 3,3 4.4 43 4,3
CiiaBeTHE NOJIIIIEHe 3,7 5 7 6,4 4,7
HIP o5 0,16 0,44 0,25 0,8 0,32

Binnosigno 1o 3akony Minimymy tO. JIibixa, HaMM BCTaHOBJIEHO, IO €KCTPEMaJIbHIMHU
ymoBamu BostorocTi € 3HaueHHst [ TK =< 0,6 a6o ['TK > 1,5. I'irpomophu TpuTHKAaIe 03UMOro i
TIICHUT] M SIKOT 03UMOT (POPMYIOTH €KOJIOTIYHI YiTKO BH3HAYCHI TPYNH O BiAHOIICHHIO J0
YMOB BoJIOrocTi. [IpHAaIeXHICTh TEHOTHTIIB 36PHOBHX JI0 TICBHOI TiIrpoMOp(H CBITIUTH TIPO TE,
oo camMe B KOHKPETHHX YMOBax 3BOJIOKCHHS enadoTomy, TEHOTHI i3 HaHOLTBIIO
HMOBIPHICTIO MO>KE JIOCSITTH CBO€] MAKCHMAJIBHOI IIPOTyKTUBHOCTI ¥ IIOBHOIO MipOIO PO3KPUTH
cBOT (pyHKIIIOHAJTBHI BJacTHBOCTI. ToMy rirpoMopdu AOCIHIDKYBAaHUX O3UMHX KYIBTYD MH
PO3IIIAAEMO SIK AyTEKOJIOTTYHY Ta CHHEKOJOTIYHY KaTeropii, o BiZoOpakaroTe OAWH i3
HAIPSMKIB €KOJIOTTYHOT KOHIICITYaTi3alil yrpyoBaHb POCIIHH.

ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 1-2 47



BaratopiuHi HOCTiIKEHHS COpPTIB Ta JiHIH TpPUTHKAE 1 MIICHUI SIK OKPEMHUX
eKOMOp(IUYHUX TEOICHOKOHCOPIii 332 MpPOSBOM T'CHOTUINOBUX Ta (EHOTUIIOBUX
XapaKTepPUCTHUK JO3BOIMWIN PAaHXKyBaTH iX 3a TpohoMopHiCTIO, a came Ha:

— meeampoghu — reHotunu Tputukane: Bisate Hociscbke, [Tmennune, JIAY 5, Yasw,
Ennaga  Yopuooctucre; reHorunu —mmenuni:  Hocmma 100, IlpupecHsHcbka
HamiBkapiaukosa, KC 14, KC 5, KC 1; Hocmma 100, KC 22, KC 16, KC 21 — ekomopdu, 1110
BUMOTJIMBI JI0 POAIOYOCTI IPYHTY 1 YyTJIHBI JI0 €JIEMEHTIB MiHEPAILHOTO KMBJICHHS;

— Me30mpogu — TEHOTUNH TpUTHKaie: ABrycro, SIryap, 3epHOYKiCHE; T€HOTHIH
mreHuti: 3opsaa Hociebka, IOBiBata 60, JI 4696/96 — exomopdu, sKi HOMIpHO
BAMOTJIMBI JIO POAIOYOCTI IPYHTY ¥ 3aiiMalOTh MPOMDKHE Miclle MiX oJirorpodamu i
eBTpodamu;

— onieomesompoghu — reHoTHny Tputnkane: CraserHe, CnaBeTre nominmene, JTAY 5 —
exoMop(hu, 10 HeBHOATIINBI 10 POAIOYOCTI IPYHTY Ta KyJIbTYpHU 3eMIIepoOCTBa.

Tpodhomopdu onHiei i Tiei camoi eKOIOriuHOT TPyNH BiAPIZHSIIOTHCS crienupiaHUMA
Ta HecrneuudiuHuMu ocobiuBocTsaMu Tpodiunux notped (Belgard, 1950; Belgard and
Markov, 1987). ¥V pe3ysbTaTi HammMx AOCHIPKCHb BCTAHOBJICHO, 10 Ha ()OHI 3MiH YMOB
HaBKOJIMIIHBOTO TPHUPOJHOTO CEpeloBHIIA €KOMOpGhH 31aTHI 10 (UIyKTyaliiHUX 3MiH
MopdoTumy, 3aNeKHO Bix Tpodo- Ta TirpoMopdiuHHX XapaKTEPUCTHUK Ta OCOOIMBOCTEH
CHIBBITHOIIIEHb [IEHOMOP(IYHUX BHIIIB.

Le miaTBEpKY€ETHCS PEaKIi€lo TEHOTHITIB HAa POJIIOYICTh IPYHTY (32 OasioM OGOHiTeTY)
Ta Jit0 MiHepanbHUX NoOpuB (puc. 1 A, B). Hamu BcraHoBieHO, 1110 OiNIbII 3aJIeKaTh Bif
3a0€3MeUeHOCTI TIPYHTIB TOXHWBHOIO PEYOBHHOIO CEPEAHBOPOCIi H KOPOTKO-CTEONOBI
TCHOTHITH, SKi, B CBOIO Yepry, HaJle)kaTh 10 pi3HUX Tirpomopd — 1me BiBare Hocicrke,
IMuennyne (kcepomesodit) ta JAY 5, Yasn, YopHooctucte (mesorirpodir). Coptu
Cnaserte ta CnaBeTHe nosmimiieHe 3a TpohoMOPQHICTIO BiTHECEHO 10 NPOMDKHOI rpymnu i
31aTHi (opMyBaTH BUCOKI Bpoxkai 32 HU3BKO1 POJIOYOCTI IPYHTIB.
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A BoHiTteT arporpyn rpyHTis, 6an

© Craserne nomimmene: y = 2,19x — 3,15 + 0,57x% R = 0,9
B IAY 5:y=3,0935x — 7,9876 + 0,7x*;R* = 0,95
A Bisare HociBebke: y = 3,23 — 8,6 + 0,45x2; R*=041
Puc. 1A. TpodomopdHicTs ekoMopd TpUTHKATE
03UMOT0, 32JIe)KHO Bi/l PO/IIOYOCTi IPYHTIB, cepeiHe 3a
2005-2013 pp.; 6an 6onitery: 74—60 — s yMOB
HenrpansHoro Jlicocreny; 52—46 — nepexifHoi 30HH
Jlicocren-ITomices; 37-30 — IMomicest; Byca - aucnepcis

BuBuenHs nutaHe 3 (oOpMyBaHHS 3arajJibHOi (POTOCHHTETHYHOI IPOIYyKTHBHOCTI
(3DII) no3BONMMIO BCTAHOBUTH, IO JJISI HAMITPOAYKTHBHIIIMX COPTIB BiJl IHTEHCUBHOCTI
(doToCHHTE3y HAWOUIBIIOW Mipoo (B cepemHbOMY 10 24 %), TOpIBHSAHO 3 IHIIUMH
MTOKa3HMKAMH, 3aJICKUTh POPMYBaHHS KOJOCY. 3a y4acTio cTebuna i mucts, 311D s Husku
coptiB (Cnasetrne, JAY 5, YasH, [Tmennune, CraBetHe momimmeHe, ABrycro, fAryap,
Ennana, Yoproocrtucre, 3epHoykicHe, BiBate HociBcbke) cranoButh 38 1 43 %, okpim
coptiB Emmama i Aryap. [ns cepemrpopocnux copTiB Tputukane o3mmoro (CnasetHe,
CraBeTHe TouiniieHe, ABrycro) HailBUIIMH piBeHb (DOTOCHHTETHMYHOT MPOIAYKTHBHOCTI
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Puc. 1 B. TpodomopdHnicTs exomopd TpuTHKAIE 03UMOTO,
3aJ1€KHO BiJ poI040CTi IPYHTIB i 103 MiHepaIbHUX 100pUB,
cepenne 3a 2005-2013 pp.; 6an Gonitery: 74—-60 — 11 yMOB
Henrpansaoro Jlicocreny; 52—46 — nepexianoi 30uu JlicocTemn-
Homicest; 37-30 — [omicest; Byca - nucnepceis

3aJIOKHUTH BiJl CEPEAHBOI ILIOMII JIMCTKA. 33 IPOJYKTHBHOIO (POTOCHHTETHYHOIO AisUIBHICTIO
Ta YPOXAMHICTIO 3€pHAa BHU3HAYEHO MEXI EKOJOTiYHOIO ONTUMYMY 3aJIe)KHO BiJ yMOB
€KOTOIIIB, CTPOKIB CiBOM, JJ03 MiHepajbHUX J00pHB. 30Kpema, sl CEepPeIHbOCTHIIIOTO
copry CnaBeTHe [iana3oH €KOJOTiYHOTO ONTUMYMYy 3a CTpPOKaMH CiBOM NpHINanae Ha
10-30 Bepecust — 1-5 xoBtHs mis JlicocrenoBoro Ta Jlicocren-Ilomichkoro ekoTomiB Ta
10-25 Bepecust — [1omicbKOTO €KOTOMY; 3a 030K MiHepalbHHX HOOPUB — N3o 40P oKy 1
Nao_60P90Kog, BimmoBinHo. s cepeqHpOpaHHBOrO, CTIHKOTO JO BIISATAaHHS cOpTy BiBate
HociBcrke 3a cTpokamu ciBOM €KOJIOTiYHMH onTuMyM mpunagae Ha 10-20 BepecHs s
ymoB Jlicocremy, 5-20 BepecHs — Jlicocten-Ilomicesi, 3a 103010 MiHEpabHUX TOOpPUB —
N60,120P9(F120K9(F120 1 N90,120P90,120K9(F120, BiI[HOBi,HHO. BCTaHOBHeHO, 1o B HeHTpaﬂBHiﬁ
gactuHi JlicocTemy kopoTkocTebnoBi, cepemuapocturii copta HAY 5, YasH Ha ¢oHI
N30PooKop Ta N3p30P90Kogg 32 ciBOm 3 15 BepecHs mo 15 x0BTHA (OPMYIOTH BHCOKiI Ta
cepeHi MOKa3HUKKA (POTOCHHTETHYHOI NmpomyKTuBHOCTI. Lle mo3Bommio audepenmitoBaTi
COPTH TPUTHKAJIE 32 Yy TJIMBICTIO JI0 TPUBAJIOCTI CBITJIOBOTO JIHS Ha!

— BUCOKOYUYMIUGI — TEHOTHIIM 3 BUCOKHUM MOTEHI[IAJIOM ypOXKalHOCTI Ta SIKOCTI 3epHa
(BiBare Hociscrke, [Tiennune);

— cepednboyymausi — TCHOTHIH, 1110 3a0e3eUyI0Th MaKCUMAaIbHUH ypoyKai 3a pi3HHX
ctpokiB ciBOu (CnaBetne, CinaBetHe mominmene, JIAY 5, Yasu, YopHoocTHcte);

— NPOMIDICHI — TEHOTHUIH, IO (OPMYIOTH BUCOKY BPOXaWHICTH 1 SIKICTH 3€pHa 3a
ONTUMAIIFHUX CTPOKIB ciBOM (ABrycTo, Aryap, Ennana).

JIJ1 TEHOTHIIIB TPUTHKAJIE O3MMOTO IIOAO NMHTAHB CTPOKIB CiBOM MOTPIOHO IMiIXOIUTH
THIUBITyaJbHO [UT YHUKHEHHS HEOKaHNX €KOJIOTIYHIX YHHHUKIB i BTpaT ypoxKaro (Tad. 2).
Bucoka 4yTnuBicTP IUX TEHOTHINB JO TPHUBAJOCTI CBITIIOBOTO IHS 3YMOBIIOE OLUTBII
paHHIA MMOYaTOK (OpMyBaHHA (ITOIEHO3IB Ta, BIiANOBIOHO, paHHIN 30ip BHCOKOTO Ta
AKICHOTO BpOJKaro, IO BHUpINIye MpoOiieMy 300py BpOKAK 3epHA TPUTHKANE Y 30HI
HECTIHKOTO 3BOJIOKECHHA. | eHOTHIH TpuTHKase o3uMoro mnepmioi rpymu (Bisare Hociscrke,
[Tmennyne), BuBeAeHi B yMoBax nepexigHoi 3ouu Jlicocten-Ilomices, — e, 3ae0inbmioro,
PaHHBOCTHUTII, PE3UCTEHTHI MO HECTPHITINBHX BHCOKHX TEMIIEPATyp, BUCOKOIHTCHCHBHI
COPTH JIiCOCTENOBOT0 ekoTumy. COpTH TPUTHKaIE O3MMOTO 3 CEPEIHBOI0 YYTIUBICTIO 1O
TpuBanocti cBimoBoro mHi — CnaBerdHe, CnaBetHe mnomimmiene, JAY 5, YasH,
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YopHoocTHCTE, — 1€ CePEIHBOCTUTII, PE3UCTEHTHI 0 HECTIPUATIIMBIX HU3BKHX 1 BUCOKHX
temneparyp. Lli coptu 3abe3nedyroTh BHCOKY YpOXKAHHICTh 3epHA SK 3a PaHHBOTO,
OINITHMAJTFHOT0, TAK 1 32 Mi3HBOTO CTPOKIB CiBOH, OCKUTEKH (POPMYFOTH MEHII MIOTY>KHY HA3eMHY
BEreTaTUBHY Macy Iepe/ MPUIMHEHHAM BereTallii BOCEHH Ta PaHO HABECHI ITICHS BiHOBICHHS
Beretauil. lle mo3Bonste 3a3HAaueHMM BHUIIE EKOMOpP(AM MNPOTHCTOSATH HECIPUATINBHM
0IOTMYHMM YMHHHMKAM, a HATOMICTh HE 3aCTOCOBYBATH 3acO0M XIMIYHOTO 3aXHCTy POCIHH.
Bisomo, 1110 YMHHUKN HABKOJMIIIHBOTO IPUPOIHOTO CEPEIOBMINA MO-PI3HOMY BILUIMBAIOTH HA
Tpodo- Ta rirpomopdu. 3acTocyBaHHS MiJIBUIICHUX 103 MiHEpaJbHHX JOOPUB ITi/IBHIILYE
npoayktuBHicTh MerarpodiB (Bieare Hociecbke, ITmennune, JAY 5, Yasn, Emnana
YopHoocTucre) i, HaBiTh, 32 YMOBH BUPOIIIyBaHHs Ha HU3bKO POJIOYMX IpyHTaX. BcraHosieHo,
II0 COPTH TPUTHKAIE O3MMOTO, MO BiHOIIEHHIO J0 KOHKPETHOI 103U (hocdopHOo-KamiitHIX
JI0OpUB, MO-Pi3HOMY pearyroTh, 30KpeMa, 32 BMICTOM BYIJICBOJIB Yy BY3JI KyIieHHs (Tadi. 3).
Jns copry CnaBeTHe modirmieHe 3acTocyBaHHA PggKyy migBuIIye BMICT 3aralbHUX IYKpIiB Y
By3Ji KymeHHs Ha 16,8—17,4 %. 3acTocyBaHHSI BOCEHH MiHEPAILHOTO a30Ty y 7031 N3o Ha (hoHi
(ocopHo-KanifiHnX M00puB BiporimHO (p = 0,95) 30inpIIye HarpoMaHKEHHS 3arabHAX
IyKpiB # s inmmx coptiB — JJAY 5, Asrycro.

Tabnuys 2
YyTauBicTh €KOTHIIIB TPUTHKAJIE 03UMOI0 10 TePMiHiB ciBOU 32 TPHBAIICTIO OCIHHBOY
Bererauii, (cepente 3a 2007-2013 pp., lenrpanbuuii Jlicocren Ykpainu)

Crpok ciBoH
1-10 Bepecus 1020 Bepechs 20-30 BepecHs 1-10 xoBTHS
Haspa A, 9 E 2.\ E 2. e E 2. e B«
copry | 8ER| 2% |8EFT| 2% |[8FT| £ |2ER| 2%
§§§ = §E % = 5E & = 5%5 =
g = g L5 g g g L5 g g 803 g =
£33 £s | £88 £s | £88 £a | £33 2 s
g =g &3 g =R &3 g R &3 g =g &3
AZL 256 55 47 51 5,8 32 5,5 18 4
(ct.)
JAY 'S 62 42 55 4,7 36 4,6 25 4,4
Biare 60 5,1 50 48 28 4 10 3,6
Hociscbke
CiiaBeTHe 57 5 56 6,2 30 6 20 48
HIP s 2,8 0,14 4,2 027 1 0,5 33 0,22
Tabnuysa 3

BwmicT 3arajJbHUX IYKpIB Yy By3J1i KyIlleHHS] TPUTHKAJIE 03HMOI0, 32JI€3KHO Bijl 1034
MiHepaJabHHUX 100puB i reHoTHNy (cepeane 3a 2008-2013 pp., Jlicocten Ykpainu)

Bwmict 3araneHux nykpis, %
HasBa copry BapiaHTH JOCIIiKCHb

6e3 100puB

(m;p;;m) PeKe | PooKoo | Ni3PeReo | NipPgoRog
AJl 256 (st) 29,4 29,5 39,7 33,3 39,5
CnaBeTHe 27,5 31,5 40,5 38,6 427
JAY 5 29,5 30,5 38,7 38,3 41,1
Bisare HociBcbke 23,5 24,6 35,5 29,9 37,5
ITmennyne 23,5 242 36,6 29,1 36,5
ABrycro 24,6 27,7 35 36,3 37,6
Yopnoocrtucre 27,2 30,6 37,4 35,5 34,5
Crasetie 33,3 35,1 42,2 38,7 423
noJinmene
HIP o5 4,4 6,3 1,8 3,9 2,2
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Bcranoeneno, mo exomopdu Bisate Hocisceke, ITmenwmune, JAY 5, Yass,
YopHoocTHcTe, SIKI BiIHECEH] 10 rpynu MeraTpod, Ha 30iIHEHUX Ha OpPraHiuYHy PEYOBUHY
IpyHTaX (OpMYIOTh HU3BKY YpOXKaWHICTH Ta SIKICTh 3€pHA, € CIA0OKOHKYPEHTHHMH IO
BIZIHOLIICHHIO JIO CEreTallbHOI POCIMHHOCTI 1 MEHII TOJIEPAHTHUMH TPOTH 30YHUKIB
IpUOKOBHX 3aXBOpIOBaHb. Llf0 CHTyallif0 BJAETHCS HIBEIIOBATH  MiOOPOM IHIIKX
TCHOTHUIIB a00 WIISIXOM 3aCTOCYBaHHS OpPraHIYHMX 1 MIHEpalbHUX JOOpPUB, MIKPOOHHX
npenapariB. 3arajoM, pe3yJbTaTH OaraTOpidyHHMX JOCHTI/PKEHb, MPOBEICHUX y PIZHUX
€KOTOIaxX, Jai 3MOTY IpYIyBaTH €KOMOpGM TpHUTHKale Ta IIIEHHI M’SKOI 03uMoi 1 3a
PiBHEM NPHHAIEKHOCTI JI0 IIEBHOTO €KOJIOTIYHOT0 YMHHKKA (Tabd. 4).

3rifHO 3 HaBEeICHMMH JaHUMU B TaOmumi 4, BHAHO, IO JAESIKUM TIE€HOTHUIIAM
(CnaBerne, CmaBerne mominmene, JJAY 5, UYasn, Yopuooctucte, IOBiBaTa 60,
Ipunecusaceka HamiBkapiukoBa, KC 1, KC 5, KC 16, KC 22, JI1 4696/96) npuramaHHHI
BHCOKHH PiBeHB Crieniani3amii moao eKoJIorigHux pexumis 30H [lomices ta Jlicocreny.

Tabauys 4
Ipedepenuii ekomopd TpuTHKAIE 03UMOrO i MIIeHUIT M’ K01 03UMOT
J10 €KOJIOTiYHUX YHHHHUKIB

Exonoriunuit JlimiTyroumii IposiB YMHHUKA (PIBEHB MPUHAIEKHOCTI)
HMHHHK BHCOKa cepenHs HIDKYE CepeTHhOTO
Cnasetne, A/l 256,
CrnaBeTHe MOJIMIICHE, . .
Pexxum Asrvero: KC 17 Bisare HociBchke,
3BOJIOXKCHHS JAY 5, Yasn, Asrycro, 11 469 6/}; 6: I,OBiBaTai 60 IMmennune; KC 1,
rirporory YoproocTucre Hocu,lna 100 > | KCS5,KC 14,KC 16,
(I'TK) Hpn/:lecmﬂcm’(a KC 21, KC 22
HariBKapJIMKOBa
N Bisare Hociserke, IAY Asrycro, fryap,
Tg)zz;mpm 5, Ennana, Yasn, 3epHOyYKicHE;
P ooror YoproocTucre, IIpunecHsaHcbKa Cnaserne, CnaBeTHe
Ep06 A y IMmennane; KC 1, KC 5, HaTTiBKapJINKOBA, TOJTITTIIIEHE
rf([)nepe H’HK) KC 14, KC 16, KC 21, J14696/96; IOBiBara 60,
pen KC 22 Hocmma 100
Bisare HociBcbke; AJl 256, CnaBeTHe;
. Hocmma 100, KC 1, IIpunecusHCcbHKa
Crpo cinGu KC 5,KC 14, KC 17, HaTiBKapJINKOBA, AAY'S
KC 21, KC 22 J14696/96, IOBiBaTa 60
Cnagetne, JIAY 5,
CrnaBeTHE MOJIIIIIEHE,
. Yasn, KC 1, KC 5
. . AJl 256, BiBate ’ g i’
?;:::::E;OFGHHI Ennana, 3eproykicHe Hociscbke, [Tmennyne; KC 14, Eg ég’ KC 21,
Hocmma 100, JI 41/95, i
[IpunecHsHcbka
HaIliBKapJINKOBa,
tOgiBata 60
Omxke, exomopdiuHa mgudepeHIiamis NOHUX COPTIB MiJKPECTIOE IXHIH piBeHb

crienianizamii moa0 eKOoJOTIYHUX YWHHMKIB 1 € MiAIPYHTSAM Ui crparerii gopmyBaHHS
BHCOKOIIPOAYKTUBHUX (ITOICHO3IB Triticeae B KOHKPETHOMY €KOTOTII.

BUCHOBKU

1. BuBY€HO HOBi '€HOTHIIH JIICOCTEIIOBOTO Ta MOJICHKOTO EKOTHUIIB 3 TpubH Triticeae
B aCIEKTI B3aEMOIIT JBOX CHCTEM: OpraHi3My (I'€HOTHUITY) Ta HABKOJIUIIHBOTO MPUPOIHOTO
cepelloBHIIa Ha ayT-, IeM- Ta CHHEKOJIOTIYHOMY piBHsX. OnepkaHi HaMH J1aHi J03BOJISIOTh
HiIBUIIUTH MPOXYKTUBHICTh arpoeKOCHCTEMH B IJIOMY Ta OTPHUMYBAaTH CTaOUIi3yrouy
NPOJYKTUBHICT KYJBTYp Yepe3 Kpally BiJIOBIIHICTE Ta a/lallTUBHICTh TEHOTHITIB YMOBaM
HIIC B KOHKpETHHUX €KOTOMaxX.
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2. Coptu Ta miHIl TpUTHKANEe 1 MIIEHUI M’ SIKOi O3MMOi, NOCHTI[HKEHHX Ha PI3HUX
piBHSX iHTerpamii, JO3BOJIMJIO BUSBUTH iXHI MoOp¢oJoriuHi, Oi0NOriyHi Ta EKOJOTiuHi
BiIMIHHOCTi, Ha TIi/ACTaBi YOT0 TEHOTHUIH IU(EpPEHIIHOBaHO 3a TirpoMopQHICTIO —
MPUCTOCOBAHICTIO JI0 YMOB 3BOJIOXKEHHS, 30KpeMa Ha:

— elizpomop@u Ost yMo8 HeOOCmamHb020 ma NOMIPHO20 (Hecmiiikozo) 36onodicertst (I'TK —
< 0,6 i < 1): Biare HociBcbke, [TmieHnyHe (TpUTHKANe HAIBKAPIMKOBOTO THITY PO3BUTKY);
KC 14,KC 5, KC 1; KC 22, KC 16, KC 21 (nmeHu1s HariBKapIMKOBOTO THITY PO3BUTKY);

— eiepomopghu ons ymos Odocmamub020 ma Haomiprozo 36onodxcenns (I'TK = 1
i>1,5): JAY 5, Ennana, Asrycto (tputukane); KC 17, J1 4696/96 (muennris);

— 2iepomopdu 3 BUCOKO BUPAICEHOI0 adanmayiclo 00 YMO8 HeOOCMAMHLO2O0 Md
NOMIPHO20 360JI0JCEHHA | O00CMAMHBL020 ma HAOMipHo20 380100icenHs: CraBeTHe,
CnaBerne mnomimmeHe (tputukane); lOsiBata 60, Hocmma 100, IlpunecHsHCbKa
HamiBKapinkosa, 3opsHa Hocisepka, KC 7 (mmeHuIst), mo 103BOIIIIN OACPKATH YSIBICHHS
PO EKOJIOTIYHE PO3MAITTS YTPYIIOBaHb TPUTHKAJIE O3UMOTO U MIIEHUIII M’ SIKOi 03MMO].

3. bararopiuni [OCHi/KEHHS COPTIB Ta JiHIA JO3BONMIM pamHXyBa ix 3a
TpohoMOp(HICTIO HA:

— Me2ampogu — BUMOTJIUBI JI0 POAIOYOCTI TPYHTY 1 YUyTJIMBI O BHECCHHS €JIEMEHTIB
MiHepaJbHOTO XMBJIeHHS (reHoTHNM Tputhkane: BiBate HociBcbke, [Tmennune, JJAY 5,
Yasn, Enmama, Yopnooctucre; reHoturnu mmeHnni: Hocmma 100, [IpunecHsHChKa
HaniBkapiukosa, KC 14, KC 5, KC 1, KC 22, KC 16, KC 21);

— mMe30mpoghu — TIOMIPHO BUMOTJIMBI JI0 POJIOYOCTI IPYHTY W 3aiiMaloTh NPOMIKHE
Micrie MK omirorpodamu i eBTpodamm (ABrycro, Aryap, 3epHOYKiCHE; TEHOTHITH
mmreHutti: 3opsaa HociBebka, FOBiBaTa 60, JI 4696/96);

— onieome3ompoghu — HEBUOATIINBI IO POIIOYOCTI IPYHTY Ta KYJIBTYPH 3eMIIepOOCTBa
(CnaBerne, CnaBetHe nomimniere, JIAY 5).

Tpodhomopdu onHiei i Ti€i camoi eKOIOriYHOT TPYyNH BiAPIZHSIIOTHCS crienupidHUMA
Ta Hecnelu(IuHUMHI 0COOTHUBOCTIMH TPODIUHUX MOTPEO.

4. Exomopdu TpuTHKajge 03MMOTO 1 MIIEHHI M’sSKoi 03UMOi AudepeHLiiioBaHo 3a
YYTIMBICTIO 1O TPHUBAJIOCTI CBITJIOBOIO THS Ha!

— BUCOKOYYM.IUG] — TEHOTUIIN 3 BUCOKUM ITOTEHIIAJIOM ypOKaiHOCTI Ta SKOCTI 3epHa,
30kpeMa mpumuxane: BiBare HociBebke, Ilmenwune; nwenuyi: TlpunecHsHCbKa
HamiBkapaukosa, Hocmma 100, KC 1, KC 5, KC 14; KC 21;

— CepeOHbOYymIUGi — TEHOTHUIIH, IO 3a0e3MeUyI0Th MAKCUMAJIBHUNA YpOXKail 3a PisHUX
cTpokiB ciBou (CraBerne, Cnaserre nomimmiere, JIAY 5, Yasx, Hoprooctucre; KC 22, KC 16);

— npomidcHi — TCHOTHITH, O (OPMYIOTH BHCOKY BpPOKAHHICTH i SIKICTh 3€pHa 3a
ONTUMAJIFHUX CTPOKIB ciBOM: TpuTHKane (ABrycro, Sryap, Emmana), mmenuns (Hocmma
100, KC 1, KC 5, KC 17, KC 21, KC 22).

JJis TeHOTHUIIIB TPUTHKAJIE O3UMOTO Ta MIIEHUIII M’ SIKOi 03MMO] 11010 MUTaHb CTPOKiB
ciBOM TOTPIOHO MIAXOAWTH IHAMBIAYaJIbHO JUIS YHUKHEHHS HE0a)XaHUX EKOJIOTTYHHX
YHHHUKIB 1 BTPAT YPOKalo.

5. Bcranoneno, mo ekomopdu tputukane (BiBate HociBebke, [Tmennune, JJAY 5,
Yasn, Yopaooctucre) i nmenuni M’sxoi (Hocmma 100, [TpuaecHsiHCbKa HamiBKapiIMKOBa,
KC 1, KC 5, KC 14; KC 16, KC 21, KC 22), ski BigHeceHi A0 rpymu merarpod, Ha
30iJHEHNX HAa OPTaHiYHy PEYOBHHY IPyHTaX (POPMYIOTH HU3BKY YPOXKAWHICTH Ta SKIiCTh
3epHa, € CIA0OKOHKYPEHTHHMH IO BiJHOIIEHHIO /IO CEreTaJbHOI POCIMHHOCTI 1 MEHII
TOJICPAaHTHUMH TPOTH 30YIHUKIB TPHOKOBHX 3aXBOpPIOBaHb. L[10 CHTyamil0 BIAETHCS
HIBETIOBATH MiAOOPOM IHIIMX TEHOTHIIB a00 MUITXOM 3aCTOCYBAaHHA OpTraHiYHHX 1
MiHEepaIbHUX JOOPUB, MiIKpOOHUX MpenapaTiB.
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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 M /M, M /S, leaf thickness, mesophyll thickness. The length of
petiole of rosette leaf (Lp) is linked with leaf weight, M/S, tem/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 tem/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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®YHKUIOHAJIbHA AHATOMIA U MOP®OJIOrIA
JINCTKA CAMPANULA SIBIRICA L.

AwnoTauis. {ocnimkeno ¢yHKIioHanbHy aHatoMito i Mopdoorito juctka Campanula sibirica L.
B PI3HUX YyMOBax icHyBaHHsA. IIOpiBHSHHA mapaMmeTpiB JHCTKA B PI3HUX BapiaHTax JOCIiAY
MPOBOJMIN 3 BUKOPUCTAaHHAM cTaTHCTHYHOTO Tecty ANOVA. BusBieHo, IO BiINOBiIHUMH
peaKuisiMd Ha YMOBH CEpEIOBHINA, IO 3MIHIOETBCS €: 1) WiIBUINEHHS KUTBKOCTI 3B'S3KiB
(YHKIIOHAIBPHAX MapaMeTpiB JINCTKA 1 IX TICHOTH, 2) KUIbKICHI 3MiHH B IPOANXOBO-EIIiJePMAITEHOMY
KOMIUTIEKCI Ta BHYTpPINIHBOI aHaTOMii jucTKa. HaiiOumem 3HAaYymuMu € 3MiHH B IIPOJUXOBOMY
KOMIUIEKCI, TaK SIK BiH IOB'S3aHUIl 3 BOXIMBUMHM aJallTHBHUMH O3HaKaMH POCIUH. BusBieHo, 1mo B
HaWOLIbII KOPCTKUX YMOBaxX ICHYBaHHS PO3MIp, IUIOIIA i Bara CyXoro JIMCTKa Pi3HUX (opmariit
C. sibirica 3MeHIyIOTbCs. AnantuBHi o3Haku pociun C. sibirica Ha piBHi: 1) pO3eTKOBOTO JIMCTKA —
30iNIbIICHHST TOBUIMHE Me30(iny, 30KkpeMa cToBOYaTOro, abakciaJbHOTO emiJepMicy, TUTOMOI IUIOLIi
mucta (SLA), 3SMEHIICHHS IO 1 Bard JIMCTKa, JOBXHHHU YePEIKa, KITbKOCTI MPOANXIB, POJIXOBO-
nopoBoro inaekcy (SPI) 3 ogHOYacHHUM 301IBLIICHHSAM JOBXHHHU MPOIMXIB; 2) CTEOIOBOTO JUCTKA —
30UIBIICHHS TOBIMMHM Me30(]iny, muroMoi miomi juctka (SLA), 3MEHIISHHS IUIONIi 1 BarW CyXoro
JIMCTKA, 30UThIICHHST MUPUHU TpoauxiB. Tol ¢akT, mo crebioBe JUCTS QYHKIIOHYE 1 3a0e3meuye
KUTTEMISUTBHICTh POCIMHA B HAaWOUIBII CGKCTPEMAIbHHI 3a TEMIEPaTypO 1 BOJIOTOK MEpiof,
00yMOBJIIOE OIIBbITY KUIBKICTH 3B'SI3KIB HOro ()yHKIIOHAIBHUX O3HAK Ta iX TICHOTY B MOPIBHSHHI 3
po3eTkoBUM. Y OLIbLI MOCYXOCTIHKMX yMOBax iCHyBaHHs jucTs pisHuXx ¢opmauiid C. sibirica
BIIPI3HSETBCS BUCOKOIO edekTHBHICTIO BHKopucTanHs eHeprii ¢gorocunresy (PEUE) Ta Husbkoro
e¢pexTuBHicTIO Bukopuctanus Bogu (WUE).

Knrwuoei cnosa:  QyuxyionanvHa — amamomisn,  NpoOUX060-enioepMANbHUL  KOMAIEKC,
@ynryionanvna mopghonozis, aucm, a0anmueHa O3HAKA.
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®YHKUMOHAIIbHAA AHATOMUA U MOP®OIOIMA
JINCTA CAMPANULA SIBIRICA L.

AnHotamms. VccienoBana ¢yHKunOHadbHas aHaToMust U Mopdosorus swucra Campanula
sibirica L. B pa3HbIX ycinoBusax obutanus. CpaBHEHHE apaMeTpOB JINCTa B Pa3HbIX BapUAHTAX OIBITA
NPOBOAMIM C HCIOJB30BaHUEM craTucThdeckoro Tecta ANOVA. BpIABICHO, YTO OTBETHBIMHU
peakuusAMH Ha YCJIOBUS H3MEHSIOLICHCS cpelbl SBISIOTCA: 1) HOBBIIICHHE KOJMYECTBA CBs3el
(hyHKIMOHAIIFHBIX MapaMETPOB JIMCTAa U UX TECHOTHI, 2) KOJIMYESCTBCHHBIC M3MEHEHUS B YCTHUYHO-
SMHUIEPMATbHOM KOMIUIEKCE W BHYTPEHHEHW aHaToMuM jucta. Hambonee 3HAUYMMBIMH SBISIOTCS
HM3MEHEHUSI B YCTBUYHOM KOMIUIEKCE, TAaK KaK OH CBS3aH C BaXHBIMHU AJANTUBHBIMH HpH3HAKaAMU
pacteHuii. BersiBiieHO, 4TO B HanboJee JKECTKUX YCIOBHSAX CYIIECTBOBAHUS pa3Mep, IUIOMAIb U BEC
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BBICYLICHHBIX JIHCTEB pasHbIX (opmanuit C. sibirica yMeHbIIAIOTCA. AJANTUBHBIC MPU3HAKK
pactennii C. sibirica Ha ypoBHe: 1) pO3ETOYHOrO JHCTa — yBEJIMYCHHE TOJIIUHBI Me30(uia, B
YaCTHOCTH CTOJ0YATOr0 Me3oduiia, abakcHaabHOTO SMHUICPMHUCA, YASIbHON mommaau aucta (SLA),
YMCHBIIICHHE IUIOMIAH M Beca JIMCTA, JJIMHBI YEpellka, KOJIUYECTBA YCTBHUI, YCTBHYHO-IIOPOBOIO
uHpaekca (SPI) ¢ omHOBpeMeHHBIM yBETHUEHHEM JUTHHBI YCTHHIIA; 2) CTEOIEBOTO JINCTA — YBEIHMUCHHE
TONIIMHBI Me3odmmia, yxmensHOH Iuromann smcra (SLA), yMeHbIIeHHMe IDIOIagM M Beca
BBICYIICHHOTO JINCTA, YBEIMYEHHE MIMPUHBI YCThUHmA. ToT ¢akr, d9TO CTeOieBBIe JHCThS
(YHKIMOHHPYIOT ¥ O0ECIEUHBAIOT JKM3HEACSITEILHOCTh PACTEHUSI B Hanboiee HKCTpEeMalbHBIA 110
TeMIlepaType M Biare INepHoji, 00yCIOBIMBAET OOJbIlIee KOJIMYECTBO CBA3CH MX (ByHKIMOHAIBHBIX
HapaMeTPOB U UX TECHOTY B CPABHEHHH C PO3CTOYHBIMU. B 3aCyIUIMBBIX YCIOBHUAX OOUTaHUS JIUCTbS
paszubix Qopmanuii C. sibirica OTAMYAIOTCSA BBICOKOW 3(P(PEKTHBHOCTHIO HCIIOIb30BAHHS JHEPrHU
tdorocuntesza (PEUE), Huskoii a¢pdpexruBroCTHIO Hcnonb3oBanus Boasl (WUE).

Knroueevie cnosa: @DyHKYUOHANbHASL AHAMOMUS,  YCMbUYHO-INUOEPMANbHBIL  KOMIIEKC,
DYHKYUOHATLHASL MOPPONO2US, TUC, AOANMUBHBLT NPUSHAK.

BBEAEHUE

AJTIOMETpUYeCKHe  MOJISNIM  MacIUTaOUpOBaHWS, ONMUCHIBAIOIIME OHMOJIOTMYECKUE
MPOLIECCHI, BaKHBI JIJISI TIOHMMaHUsI aJIalITUBHBIX PEakUid pacTeHni K N3MEHEHHSIM YCIIOBHIA
npouspacranus (Niklas, 1994; Hui et al., 2012). Axgantaumu pacTeHUd K 3KCTPEeMaJIbHBIM
YCIOBHSIM  CYyIIECTBOBAHMSI  CBS3aHBI CO  3HAUUTCIBHBIMH  IIEPECTPOMKAMH  HMX
ACCUMWJIMPYIOIIETO ~ ammapara, BBHICOKOYYBCTBHUTEIBHOTO K BHEIIHUM BO3ACHCTBHSIM.
Mopdonorndyeckre M3MEHEHHS JIUCTa SIBISIIOTCS (YHKIMOHAIBHBIM OTBETOM HAa (aKTODBI
okpy>xaromieit cpenpl (Zhonggiang, Dan, 2009; Scheepens et al., 2010). @oTtocuHTETHYECKIIA
anmapar pacTeHHH oOJiafaeT BBICOKOW INIACTUYHOCTBIO, YTO BBIPAKACTCS B 3HAUUTEIHHOU
BaprabeNbHOCTH Pa3MEPOB JIMCTA U €r0 aHATOMUYECKUX XapaKTEPUCTHK.

B mocnemHue ronsl BOIPOCH AQHATOMHUM M (PU3HOJIOTHH JIUCTA, SMHUAEPMAbHO-
YCTBUYHOTO KOMIUIEKCa OCBEIIeHB B paborax mHormx aBTopoB (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). Nzyuenne Mopdosioro-aHaTOMUYECKUX
ocobenHocTell nucra BumoB pona Campanula L. TpoBOAMTCS C I1EIbIO YTOYHEHHS
cucrematikn BuaoB (Alcitepe, Yildiz, 2010; Dremlyuga, 2012) wnu BbIICHEHHS
MEXaHU3MOB aJaNTallii PAcTCHUH K pa3IM4YHBIM ycioBusM oburtanus (Gyorgy, 2009;
Gostin, 2012; Krokhmal, 2013).

Nzyuenne mMopdosioro-aHaTOMUIECKUX OCOOEHHOCTEH JIMCTa, yCTAaHOBJICHHE CBSI3CH
ero (hyHKIMOHANBHBIX ITAPAMETPOB M WX CKOOPAMHHPOBAHHOE W3MECHEHHE B OTBET Ha
pas3UYHbIE YCIOBHS CPEbl IPEACTABISIET CO00I OONMBIIONH MHTEPEC U AENaeT Ieb HAIINX
nccienoBaHuil akTyanpHoU. [Ipouece aganranuy 3aTparuBaeT BeCb OPraHU3M pPacTeHUs B
LIEJIOM, CBSI3aHHbIE C HUM MOP(OJIOTr0-aHATOMHUYECKHE TIEPECTPOHKH H3MEHSIOT €ro
(hU3HONOTHUECKUI CTATYC, B Pe3yIbTaTe YETO PACTCHHE IOJIydaeT BO3MOXKHOCTh Hanuboiee
3 PEKTUBHO HMCIOJIL30BATH PECYPCHI CPEbl B HOBBIX JISl HETO DKCTPEMAIIbHBIX YCIOBHUSX
cymectBoBanus (Menshakova et al., 2008).

Lenp paboThl — BbBIIBICHHE OCOOCGHHOCTEH (YHKIMOHAIBHONH aHAaTOMHU |
Mopdonorun smcta Campanula sibirica L. B pa3HBIX YCIIOBHSX OOWUTaHHS IS
OTIpeJIeTICHNS] alaTHBHBIX IPU3HAKOB PACTEHUH.

MATEPWAIbI U METOAbI UCCNEQOBAHUNA

CpaBHuBanu Mop(oJIoro-aHaTOMUYECKHe NpHu3Haku nuctheB C. sibirica B ycrnoBusix
JHorenkoro 6otanmueckoro cana HAH Ykpaunrs! (oHenk, 10ro-BOCTOK YKpanHbI, CTEITHAS
30Ha) U B Kprimy: 1) xpebet Juku-/lar (roro-Bocrounoe mobdepexne Kpeima), r. Kapa-O06a;
2) baxumcapaii, Uydyr-Kane (mpenropee, ckion Brytpenneit rpsmgsl KpeiMckux rop,
jmecoctenb, ponumHa mpurtoka Kacm — pexn UYypyk-Cy). Kmmmarorpamma wmect
npouspactanus C. sibirica npenctasineHa Ha pucyHke 1. Knmmar Duku-Jlara ymepeHHo-
KOHTHHEHTabHBIN. K BepmmHaM xpedTa Juku-Jlar cpeqHss TeMreparypa yMEHBIIAeTCs C
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12 mo 8 °C, kommdectBO ocaiakoB yeemmumBaercs oT 350 mo 700 MM B ron, cpemHss
temneparypa utonst 23-24 °C. Kmmmar baxumcapas NpenropHbId, HOTy3aCyIUIABBIN,
TEIUIBIA, ¢ MSATKOW 3MMOHM, KOJMYECTBO TOJIOBBIX OCAAKOB cOCTaBiseT 50 MM, cpemaHss
temneparypa B suBape 0,8 °C, B uronme 21,7 °C (Klimat i ..., 1982). T'opon [donerk
pacrosio’)keH Ha I0ro-BocToke YkpauHsl Ha p. Kamemumyc. Knmumar ropoma ymepeHHo-
KOHTUHEHTAJBHBIM C TMPOXJaJHOM 3WMOM M TemabiM (MHOTJA 3HOWHBIM) JIETOM.
CpenHeromoBas Temreparypa Bo3ayxa coctapisier 8,0 °C, Hauboyiee HU3Kas OHA B sTHBape
(-6,1 °C), nauboinee Bbicokas — B utoie (20,9 °C). B cpeqnem 3a rox B JloHenke BhIIagacT
514 MM aTMOC(EpHBIX 0CaIKOB, MCHBIIEC BCETO UX B OKTAOpE, OOJBIIC BCETO — B HIOHE
(Preobrazhenskii, 1959).

Pr, mm

o 20 40 60 &0

Puc. 1. Knumatorpamma mecrodutanmnii Campanula sibirica L.:
1 — Honeuk, 2 — Kpoim (Uydyr-Kane):
t, °C — cpenHss Temneparypa, °C; Pr, mm — KolIn4ecTBo ocagkoB, mm

Jluctest cobupam ¢ 5-10 pacteHMii B KaXKIOM BapHaHTE ONbITA, B3BEIIMBAJIH,
CKaHMPOBAIM, C HCIOIB30BAaHWEM MpOTpaMMBl AXioVision m3Mmepsiii ux mwiomanb (S) u
riepumvetp (P), muamerp (dp) u mmmHy depemika (Lp) mrcTa, pacCUnNThIBAIN HHACKC YeperKa —
OTHOIICHNE JHaMeTpa depemka K ero jumHe (dp/Lp). s aHaTOMHYecKMX HMCCIETOBAHUH
HCIIONIB30BAI BPEMEHHBIE MPENapaThl MOMEPEYHOro Cpe3a JIMCTa U anuaepMuca. Vzmepsinm
TOMIMHY JHCTA, Me30(MIUIA, SIHIEPMHCA, KONMUECTBO KICTOK M YCThUIl Ha 1 MM
MOBEPXHOCTH JIMCTa, MX pasMep. B paboTe HCIONb30BaM MHUKpOcKomn Zeizz Primo Star.
OTHOLIEHHs TONIIMHBI TKaHEe# JMcTa K 00IIel TOJIHMHE JIMCTa U KO (HULMEHT NaucaaHOCTH
(k), T.e. OTHOIIICHUE TOJIIIIUHBI CTOIIOUATOrO Me30(HIa K TOJIIMHE Tyouaroro (tcm/tsm), Obutn
BBIYKCIICHBI COTJIACHO OOIIenpuHATEIM MeToqukam (Boyne, 2011; Boyne et al., 2013).
PaccuntbBanm ycrerrano-amuaepmansHbnid uaaeke (SEI, %) mo dpopmysie ns*100/(ec + ns), Tae
NS — KOIMYECTBO YCTHHI[ HA | MM’ [OBEPXHOCTH JIHCTA, €C — KOJMUECTBO SIHIEPMAIBHBIX
xirerok (Gupta, 1961). [nmna 3ampIkarommx kieTok ycrbun (Ls) Obura wmcrionb3oBaHa s
pacuera ycThuuHO-IopoBoro muaekca (SPI) mo popmyse ns/(Ls)* (Sack et al., 2003). 3atem
CKaHMPOBAHHbBIC JIMCThS BBICYIIMBAIM INpH Temiieparype 60°C 10 MOCTOSHHOM Macchl H
B3BELINBAIN, PACCUMTHIBAIN CIIEIYIONIHE TTOKA3aTen: m/S (OTHOIICHNE BEca CBEXETO JINCTA K
€ro IIoIau), m;/S (OTHOLIEHHE Beca BBICYIIEHHOTO JIMCTA K €ro mioinau), M/S (oTHoleHue
Beca CBEXKEH JIMCTOBOW IUIACTUHKH K ee Iuioiiaau), M/S (oTHOleHHe Beca BBICYIICHHOM
JIUCTOBOM MIACTHHKM K e IUIowma ). Beraucssum yaensHyro mwiomams mucta (SLA, cm?/g) kak
OTHOILICHHE IUIOIIAMU JIMCTa K ero BhicymieHHOH macce (SLA=S/m;) (Sack et al., 2003).
H3BecTHO, 4TO OZIMH U3 JANTHBHBIX NIPU3HAKOB PACTEHHUI K HOBBIM YCJIOBUSIM Cpellbl — Ooliee
BBICOKasi OTHOCHTEINIbHAs cKopocTh nx pocra (RGR), cBsizaHa ¢ BBICOKOI WHTEHCHBHOCTBIO
(doTocHHTE3a W/WIIM BBICOKOW yzenbHOHM momanpio ymcra (SLA) (Shipley, 2002). dns
MHPOBBIX CPaBHHUTEIBHBIX 0a3 JAHHBIX IO JKOJOTMYECKMM CBOMCTBAM PACTCHUH YJENbHAs
TUTOIIA/b JIMCTA SBIICTCS OIHUM U3 JIyUIINX CPaBHUTEIBHBIX Mmokasarenei (Vendramini et al.,
2002). CpaBHeHHWE TapaMeTpOB JIMCTAa B pa3HBIX BapHaHTaxX ONbBITA TPOBOAWIH C
HCTIONB30BaHUEM cTaTicTHIecKoro tecta ANOVA.
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PE3YJIbTATbI U OBCYXXOAEHUE

C. sibirica pactipoctpaner B 3anaHoit Cubupu, Ha Antae, B Cpenneid Asun u EBporie
(Viktorov, 2005). Pozerounsie suctesi C. sibirica mpoJoNroBaTbie, TYNbIE, CYXalTcsi B
4epelIok, cTebIeBbie — JaHIETHBIC, 3A0CTPCHHBIC, CUISTUME.

I. Orauyuss mMop(oJI0oro-aHATOMHMYECKMX MapaMeTPoOB JIMCTA PACTEeHHHd B
pPa3HbIX MecTax oOuTanus. CpaBHEHHE aHAaTOMO-MOP(OIOrHYECKUX IapaMeTpoB
posetounsix nuctheB C. sibirica B nByx mectooburanusix B KpbiMy, rie oH BcTpeyaercs
KaK 3aHOCHOW HaTypaJIM30BaBIINIICS BHJ, I0Ka3aJl0, YTO B 3aCYILIMBBIX yciaoBUsx Kpbima
(Uydyr-Kane) ysemuumBarorcsi ToimuHa poserouHoro Jjucra (p<0,002), mesodmia
(p<0,01), kak rybuatoro (p<0,001), tak u crombuatoro (p<0,02) B 2,0 pa3a,
abakcuanbpHOrO snuaepmuca — B 1,4 pasza (p<0,001), oTHOmIEHUE TOMMIMHBEI Me30(hHILIa K
tonmuHe Jmcta (tm/tl) B 1,2 pas3a; yMEHbIIAIOTCS OTHOIIEHHWE TOJIIMHBI SMHUIEPMHCA K
TommmHEe nHUcTa (te/tl), BepxHero smmmepmmca K TommuHe Jucta (tue/tl) B 0,6 pasa
(p<0,002), HrokHETO SNIMIEpMuca K TonmuHe ucta (tle/tl) B 0,7 paza (p<0,03).

VYBenuueHne CloeB croiabdaToro Me3ouIa, BO3pacTaHHE HMX  BBICOTBI —
KcepoMOop(HbIe IPU3HAKK PAaCTeHUH B apUAHBIX YCIOBUAX IpouspacTanus. M3BecTHO, 4TO
IpU TPOM3PACTAHMHM B 3aCYIIIMBBIX YCIOBHAX M OONBIION HHCOJSIIMU IPOUCXOJHUT
YBEIMUYEHUE TOJIIMHBI MJIACTMHKH JIUCTa U accuMWiinuoHHoW Tkanu (Ivanova, 2014).
VYBenuueHue CIOHHOCTH M TOJIIMHBI MAIUCAIHOTO0 Me30(WiUla WMeeT aJanTHBHBINA
XapakTep, MOCKOJIbKY OCHOBHAsl (DOTOCHHTETHYECKAs! NESATENbHOCTD JIMCTA CBs3aHa MMEHHO
¢ manucasHol TKaHblo. OOYCIIOBIEHO 3TO TeM, YTO HOBOOOpA30BaHHE XJIOPOIUIACTOB B
MAJIMCATHON TKAHW MPOUCXOIUT 3HAYUTEIbHO noibiie (Menshakova et al., 2008).

KonmuuecTBo kiteTok Ha abakCHANBHOH CTOPOHE JIMCTA HE M3MEHSETCS, KOJIHNYECTBO
yerpunl (ns) (p<0,05), smunepmanbHo-ycthmuHb (SEI) (p<0,02) U yCTBHYHO-TIOPOBBIN
(SPI) mrnexcsr (p<0,001) ymenpmarores B 0,7; 0,6 u 0,3 pa3a COOTBETCTBEHHO, TOTZIa KaK
pa3mep ycrtpun yBenmumBaercs B 1,4 pasza (p<0,002). KommuecTBo KIETOK, YCTBHIl H HX
pa3Mmep Ha aJaKCHaIbHOM M abaKkCHaIbHOW MOBEPXHOCTAX JHcTa y pactenuit C. sibirica Ha
Uyodyr-Kane omgmnHakoB, Torna Kak Ha BEpXHEM smnmiaepmuce pacteHnid Ha Kapa-Obe
pacrosararoTcsi eAMHUYHbIC KPYITHbIE YCTBUIIA B CPABHEHHHU C HIDKHUM SIHIEPMHCOM.

B 2BONIONMOHHONM JKOJOTMM PACTEHH W3BeCTHa OOpaTHas JOBOJBHO TECHAs
KOPPEJSLUS M1y TUIOTHOCTBIO YCTBUI] U UX pa3mepoM. MHorue y4ensie (Franks, 2009;
Brodribb et al., 2013; Zhang et al., 2012; Doheny-Adams et al., 2012) npeamnoxnarator, 4To
HE3aBHCUMO OT pa3Mepa, (OpMBI, KOJIMYECTBA SIHUJICPMAIbHBIX KIETOK, pa3Mep u
TUIOTHOCTh YCTBHII — 3TO UMEHHO T€ JMHIEPMalbHbIC NPHU3HAKH, KOTOPbIE ONpPEICIISIOT
CKOpOCTh ra3oo0MeHa, a 0oJiee BBICOKHH TEMIT NMPOBOAMMOCTH Oojiee NeTepMHUHHUPOBAH
BBICOKOI ITOTHOCTBIO YCTBHI, a HE yBEJIMYECHHEM WX JUIMHBL. B Hay4dHOW nuteparype
n3BecTHO, 4To SPI mMeeT TecHyl0 CBS3b C W3BECTHBIMH aJalTUBHBIMH TPH3HAKAMHU:
yzaensHOH romazsio ucta (SLA), 6momaccoil, oTHOCHTENbHOM ckopocThio pocta (RGR)
(Osunkoya et al., 2014); a Takxe ¢ HU3MOIOTHUSCKUMHU (YHKIIMOHAIBLHBIMH MTApaMETPAMHU:
MaKCHUMalbHBIM (oTocuHTe30M JmcTa (Amax), 3arpatamu Ha crpoutensctBo (CC),
saddexruBHoCTHIO Hcnonb3oBanus Bojabl (WUE) u sneprun ¢porocunresa (PEUE), koTopsie
B CBOIO Ouepeilb CBs3aHbI ¢ 3koHOMUEH yriepoaa (Osunkoya et al., 2010). Kpome Toro, B
paboTax HEKOTOPHIX aBTOPOB BCTPEYAIOTCS JIOKAa3aTeJIbCTBA TOTO, YTO KIFOYEBHIC
aJIalTUBHBIE MPU3HAKH, TaKMe KaK OTHOCHUTENbHas ckopocTh pocta (RGR), Hakoruenue
O6uomaccel M yzaenbHas Iwomans jaucta (SLA) cBs3aHBl C PenpoOIyKTUBHBIM BBIXOJIOM
pactenuit (Wright et al., 2004). CnemoBarensHo, B 3acynumBbIx yeiaoBusx Kpemva (Uydyt-
Kane) mnst poserounsix sucteeB C. sibirica B BECCHHUH ITEpPHOJl XapaKTEpHA BBICOKas
spdekTuBHOCT, Hcmonb30oBaHust sHeprun (otocuntesa (PEUE) m  makcumanmbHBIN
thotocunTe3 (Amax) B cpaBHEHHH C OoJiee BIaKHBIM MectooOuTanueMm B Kprimy (xpebet
Ouknu-Jlar, . Kapa-O0a).

CpaBuenne pacrtenuit C. sibirica B ycnoBusix Kpeima (Yydyr-Kane) u [lonenxa
NoKasaio, 4To B Oosiee apuaHbIX yciaoBusx (Uydyr-Kasne) po3eToynble TMCThs OTINYAIOTCS
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MEHBIIUMH 3HaYeHUAMU 1o1omau ucra (S) (p<0,003), ero qmmust (L) B 0,6 pasa, Beca (m)
B 0,1 (p<0,001), mmuasl yepemka (Lp) m oTHOIIEHHS Beca JUCTOBOW IUIACTUHKH K €€
wromanu (M/S; M/S) B 0,3 paza (p<0,002), Beca BbICYIIIEHHO#T JrCTOBOU acTHHKA (M)
B 0,2 (p<0,001), konnuecTBa yCThUIl HA HIKHEH moBepxHOcTH jucTta (ns) B 0,5 (p<0,04),
yctbuaHO-niopoBoro uuzaekca (SPI) B 0,4 (p<0,003), te/tl (p<0,001) u tle/tl (p<0,01) B
0,8 pa3a; OonbmMu 3HaueHHussME JuTHHBL yethrna (Ls) B 1,2 (p<0,003), uanexca aucta (1)
B 2,4 (p<0,0005), yaenpHo# mnomiamu mucta (SLA) B 3,3 paza (p<0,0002).

HexoropeimMu Ooranukamu (Osunkoya et al., 2014) nokazaHo, 4TO ¢ M3MEHEHHEM
YCIIOBUH NMPOU3PACTaHHS MPOMCXOANUT 3HAUUTENBEHOE YBEIMYEHUE IFIOTHOCTH YCTHHUII, a HE
ux pasmepa. OmHAKO BO3pACTaHUE IUIOTHOCTH YCTHHII JIUCTA MPHUBOIUT K YBEIUICHUIO
moTpeOICHUs YIIIepoaa, HO U YBEIHMYMWBACT TPaHCIUpAIio. [lo MHEHHIO JPYTHUX YYICHBIX
(Brodribb et al., 2013; Holland, Richardson, 2009) Gomblnoe KOJIMYECTBO HMEHHO
MalleHbKUX YCThHIl Makcumusupyer auddysuto CO, B mucths s (orocuHTeza 0e3
6oipmuX moTeps BOABL. HecMOTps Ha NMPHHATOE HEKOTOPHIMH YUYCHBIMH IOJOXECHHE O
HAINYAX OOJBIIOTO KOJMYECTBA MENKHX YCTBUI[ Y ME30(HUTOB B 3aCYNUTUBBIX YCIOBHAX
ooutanus (Ezau, 1980; Buinova, 1988), y C. sibirica Ha ypOBHE PO3CTOUYHBIX JIUCTHCB
NpUCTIOCOOIEHHE K JKECTKUM YCIOBHSM MPOU3PACTAHUS JOCTUTACTCS 33 CUET YMEHBIICHHS
KOJIMUECTBA YCTHUII M YBEJIMYCHUS MX pa3MepoB. [locnenHee cornacyercs ¢ MHEHUEM
npyrux aBropoB (Ceulemans et al., 1978; Bissing, 1982) o ToM, 4TO HHU3Kast 4aCTOTa YCTHUII
B COYETAHUM C KPYIHBIMH MX pa3MepaMH CrocoOcTByeT Ooiiee 3 PEeKTUBHOMY KOHTPOIIIO
BOJI00OOMEHA.

VY crebneBbix muctbeB C. sibirica B Kpeimy (Uydyr-Kane) B cpaBHeHnn ¢ JJoHerkom
nmoctoBepHO Oombine oTHomeHne m/S B 2,0 pasza (p<0,004), mmpura ycteun B 1,1 pasa
(p<0,02), oTrHOmICHNE TONMMHBI Me3oduiuia Kk obmel Tommmue mucra (tm/tl) B 1,1 pasa
(p<0,001), SLA B 3,8 paza (p<0,0001); mensme pazmep smcta (p<0,002) — mnmmua B 0,4,
mmpuHa — B 0,2 pasa, naaexc aucta B 0,6, miomans 1 Bec BeicymeHHoro jucrta B 0,1 pasza
(p<0,001).

CrenoBarenbHo, B Oojee apuaHbIX ycnoBusix npouspacranus (Kpemv, Uygyr-Kane)
aucThst pasHbiX Gopmanuii C. sibirica OTAMYalOTCSl OONBIIMMH 3HAYCHUSMH yJEIbHOM
wromany ymcra (SLA), pasmepa ycThHIl, MEHBIIUMH 3HAYCHUSMH IuTomamy jucra (S),
Beca BbICylIeHHOro jcta (M) B cpaBHeHnu ¢ Jlonenkom. K Takum xe BbIBOJIaM MPHILIIH
P-E. Lauri et al. (2014), KOTOpble yCTAHOBMIHM, YTO HEJOCTATOK BJIArM NPHBOIMT K
YMCHBIICHAIO TUIOMAAN JINCTOBOW IUTACTHHKA M €€ MacChl B aOCONIOTHBIX 3HAYCHUSX.
B Kpemmy (Uydyr-Kane) muctbs pasabix hopmarmii C. sibirica XapaKTepu3yIOTCs BBICOKOH
3¢ dexTuBHOCTRIO HCTONB30BaHUs 3Heprun ¢orocunTe3a (PEUE) m MakcumanmbHBIM
(orocunTe30M (Amax) B CpaBHEHUH C JIOHEIIKOM.

II. B3aumMooTHOIIEHUS (GyHKIHOHANBHBIX  MOP(}0JI0ro-aHATOMHYECKHX
nmapaMeTpoB JIHCTA, MOMCK AJANTHBHBIX NMPU3HAKOB pacTeHuii. B Oomee 3acynummBIxX
ycrmoBusix npomspactanust (Uygyr-Kame) y pacTeHmit Bo3pacTaeT KOJHYECTBO CBs3CH
aHaTOMO-MOP(}OJIOrMYECKUX MMapaMeTpoB JIMCTa Pa3HbIX (OpMalUii U WX TECHOTA, YTO
SBIAETCA OJHOM M3 aJalTUBHBIX pEaKkUUMHd pPACTEHUH Ha DHKCTPEMajbHbIE YCIOBUS
(Krokhmal, 2013). O.0. Osunkoya et al. (2010) BbiiBHIM OoJiee BBICOKHH YPOBEHB
KOpPEJSLUK IPU3HAKOB Y HHBA3UBHBIX BUJIOB B CPAaBHEHHH C a0OPUTEHHBIMHU.

TonumHa BepxHero smuuaepmuca (tue) pO3ETOYHOrO JIMCTa MPSIMO KOPPEIHpYeT ¢
TOIMHOM cTonbuaToro Me3odmuia (tcm) (0,90) 1 BecoM BBICYIIICHHOW JIMCTOBOH ILTACTHHKH
(M) (0,94), TommHa HKHETO SrmaepMuca (tle) — ¢ TommuHoN ryddaToro Me3odmuia (tsm)
(0,79) u Becom cBexeit smctoBoit ruractuHku (M) (0,91). M3BecTHO, UTO KIIETKH 3IHIEpMHCA
Buz10B poga Campanula BemonHsroT QyHKIIO 3amaca Boms! (Gyorgy, 2009).

TonmuHa cronbuaroro we3opmmia (tcm) poserounoro mucra C.  sibirica
OTpHIIATeNIFHO CBsi3aHa ¢ umHOW yereuma (-0,85) m ero mwromaneio (Ss) (-0,93).
OTHOmIEHHE MacChl BBICYIICHHOM JIMCTOBOM TIacTWHKM K ee mmiomagn (M,/S)
YBEJIMYMBACTCS TPH BO3pACTAaHWM TOIIIUHBI cTosiouaToro mesopmmia (0,92) u HIKHETro
stuaepmuca (0,99).
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[Mnomans (-0,85) u Bec (-0,91) MUCTOBOI MIACTHHKY, TONIIMHA Ty0YaTOr0 Me30(riuIa
(-0,85) wm wmmwxHero smuaepmuca (tle) (-0,92) ymeHpmArOTCS TPH  YBEIWYCHUH
smuaepManbHO-ycTbuaHoro wuHAekca (SEI). VYcreuuno-mopossiit maAexc (SPI) Tecno
cBsizan ¢ mmpuHoi smcra  (-0,93), wunmexkcom umcra (-0,89), ko3ddunmeHTOM
nanucagnoctu (0,78), ornomenusmMu M;/M (-0,75). CnemoBareiabHO, MOXKHO BBISBUTH
CMEHY cTparerud (pyHKIMOHMPOBaHHS JIMCTa 10 HM3MEHEHHIO €ro HHIEKCa B HOBBIX
ycnoBusix npouspactanus. COOTHOIIEHHE Beca BBICYIICHHOHM JIMCTOBOW IUIACTHHKU U
ceipoit (M /M) yBennunBaercsi mpu Bo3pactaHuy JiuuHbl yersrna (0,92). [Tpn yBennueHun
nuHnekca poserouyHoro jucta (I) ymensmaercst xosdduuument nammucaanocta (-0,93),
KOJIMYECTBO YCTHUI[ HIDKHETO smmaepmuca (-0,82), yBennauBaercs ux pasmep (puc. 2, a).
Jmuua yersuma (puc. 2, b), ero mmomans (-0,88) yMeHbIIAOTCS TPH YBEIHYCHHUU
kodpdunmenta mamucanHoctd (k). JnwHA ycThHIA OOpaTHO CBsi3aHA C OTHOIICHUEM
TONIIMHBEI cTONO9YaToro Me3odmmia k TommuHe nucra (tcm/tl) (pue. 2, ¢), mpsamo — ¢
OTHOUICHHEM TOJIIMHBI TyOuaToro me3zoduisia k toimuue nucra (tsm/tl) (puc. 2, d) u
OTHOUICHHEM TOJIIIMHBI HIXKHETO 3MuiepMuca K toiune nucra (tle/tl) (0,99) (puc. 2, e).
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Puc. 2. 3aBucHMOCTB JJTMHBI YCTHUIA HUKHEr0 dMAepMuca po3etounoro jucra C. sibirica
ot unaekca jmcra (I) (@), koappuuuenta naaucaanoctu (k) (b), oTHOIEHUS TOJIIIMHBI
€T0J1049aTOro0 Me30uiIa K ToJuHe jJucta (tcm/tl) (c), oTHomEeHust rydyaToro Me3opuiia
K ToJIIMHe JiucTa (tsm/tl) (d), oTHOIIEeHUs1 HH2KHEro dNuiepMuca K TomuHe jaucra (tle/tl) (e);
JUIMHBI YepeliKka po3eTouHoro jucra (Lp) oT oTHOIIEHHIi TOJIIUHBI Me30(HIIJIa K TOJTIIMHE
Jucra (tm/tl) (f), BepxHero anuaepmuca K ToJmuHe Jucta (tue/tl) (g); Beca po3eToyHoro Jjmcra
(cBexero (M)) (h) u (Bbicymennoro (M,)) (i);

a—g — B Kpeimy (Uydyr-Kane); i—i — B pa3HBIX YCIOBHSAX NPOU3PACTAHUS
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VYaenpHas miomans po3erodHoro jucra pacteHuit (SLA) C. sibirica na Uydyr-Kane
OTPUIATENIFHO KOPPEIUpYeT C TOJIIUHOHN cromdyaroro mezoduiuia (-0,93), BepxHero
snungepmuca (-0,98), ortHomenunem M/S (-0,90), M,/S (-0,99), xoaddurmreHTOM
nanucagnoctu (-0,70); monoxurensHo — ¢ aauHOM ycthuna (0,76). JlnwHa uepemika
poserounoro yucta (Lp) C. sibirica Bo3pacTacT MpH yBEIHUCHHHM 3HAYCHUS OTHOIICHUS
TOJNIIMHBI Me3oduuia K ToimuHe Jucra (tm/tl) (puc. 2, f), OTHOLIGHUS BEPXHETO
SMUICPMHUCA K ToJIHHE JucTa (tue/tl) (puc. 2, g).

OTHoOIIEHNE TONIIMHBI Me30(HIUIa K TOJNIIMHE JIucTa (tm/tl) 1 TOMmIMHEI cTOI0YaToro
Me3o¢pmUIa K ToNlmuHe JucTa (tcm/tl), Kpome TOro, YTO CBSA3aHO C JUIMHOHM Yepenika u
YCThHIIA, O YeM MPUBEICHO BBIIIE, MOJOXKUTEILHO KOPPEIUPYET C TOJIIIMHOW BEPXHETO
smupepmuca (0,95; 0,70 coorBercTBeHHO), oTHOmeHusMu M/S (0,95; 0,96), M,/S (0,98;
0,79), M/M; (0,80; 0,91), xoadpunmentom manucagaocta (k) (0,75; 0,98); orpunarensHO
— ¢ yzensHOH miomazapio smcta (SLA) (-0,99; -0,83), uanexcom smcta (-0,68; -0,92).
Kpome Toro, oTHOIIEHHE TONIIMHBI CTOIOYATOr0 Me3o(uiia K ToimmHe Jucra (tem/tl)
MOJIOKHUTEIBHO CBSI3aHO C yCTHUYHO-TTOPOBEIM nHAEKcoM (SPI) (0,70).

VY poszetounbix nuctheB C. sibirica B ycnoBusix J[OHENKa MPU YBETHUCHUH TOJIIUHBI
cTosbyaroro me3oduiuia (tcm) Bo3pacTaeT TOJIIMHA HIDKHETO snuaepmuca (tle). Bosbmas
KU3HEACATEIHHOCTh CTOJOYAaTOro Me3o(uiuia TpeOyeT OOJIBIIEro KOJMYecTBa IPUTOKA
BOJIBI C PacTBOPEHHBIMM B HEW MHHEpalbHBIMU BellecTBaMH. Bopa HakamimuBaeTcs He
TOJIBKO B MEXKKJIETHHKaX Iy04aToll TKaHW, HO U B HIDKHEM snuaepmuce. [lpu yBenndenun
quamerpa uepemka Jimcrta (dp) M, Kak cleqcTBHE, BO3PAaCTaHMM €ro THAPABIMYECKOH
MPOBOAMMOCTH, YBEIMYMBACTCS HAKOIUICHHWE BOJbI HA €AMHUIY Tuiommaau jucta (M/S).
OTHOIIEHUE TONIIMHEI CTOJIOUATOr0 Me30(pHiUIa K TONMMIHHE JucTa (tcm/tl) Bo3pactaeT mpu
yBenuueHun 1uHbl gepemka (Lp) (0,69).

Jnsi ofbmero MaccuBa JAHHBIX PO3ETOYHBIX JIMCTHEB YCTAHOBIEGHO, 4YTO MPH
YBEJNIMYEHUH TMHBI yepermka jiucta (Lp) Bo3pacraer Bec cBexed (M) M BBICYIIEHHON
nucroBor mactuHku (M) (puc. 2, h—i), M/S (0,85). Ynenbnas tutomane jsucta (SLA)
MOJIOXKUTEIBHO CBs3aHa ¢ JuMHOW ycThuua (0,84). OTHOIIEHHE TONIIUMHBI HIDKHETO
snuaepMuca K toiuHe jucta (tle/tl) yBenmuuuBaeTcst mpu BO3pACTaHUU JJIUHBI YEpEIKa
(Lp) (0,75).

VY C. sibirica B Kpeimy (Uydyt-Kane) Tonmmaa cTe01eBoro Jimcta 1 Me30(puiia JIncTa
MOJIOKUTEIBHO CBsi3aHa ¢ IUIOTHOCThIO ycrhun (0,90 u 0,86 cooTBEeTCTBEHHO) W
OTPHUIATENBLHO C UX THHOW (pHcC. 3, ). YBenuueHne Beca JIMCTa TAKXKe COMPOBOKAACTCS
3HAYUTEIbHBIMA HM3MCHCHUSIMH B IUIOTHOCTH YCTHHI[ HAa a0aKCHAIbHOH CTOpOHE
(Bo3pacraer) m mx mmHe (ymeHsmaercs) (puc. 3, b—c). OtHomenus M|/M u M,/S
MIOJIOKHUTEIBHO KOppenupyioT ¢ tommuHod nucta (0,87; 0,91 cooTBeTCTBEHHO), C
KOJIMYECTBOM YCTHHI HIbKHETo 3munepmuca (0,97; 0,92 cooTBETCTBEHHO) U OTPHIATENHEHO —
¢ ux mmHO# (-0,94). YaensHas momans crebieBoro jmcta (SLA) yMmeHbImaeTcs mpu
YBEJIMYCHUH TOJIIMHBI ryodyaroro mezoduia (-0,86), Beca nucra (-0,81) u BbICyIIEHHOM
nucroBor minactuHku (-0,82), M,/S (-0,83), ymenbiennu miuabl yethuna (Ls) (0,88),
ko3 dunuenra nanucaguoctu (k) (0,88), tem/tl (0,83), M/M; (0,98).

B kauecTBe OCHOBHOTO KaHala MEXIY PacTEHHEM M BO3IYLIHOW BHEIIHEH Cpemoi
BBICTYIIA€T YCTBUYHBI KOMIIIEKC, KOTOPBIH pEryJupyeT TpPaHCIUPAILHMIO BOJBI C
onHoBpeMeHHbIM moronieaneM CO, aiast poTocuHTE3a, M, CIIEAOBATENBHO, HIPaeT
3HAYUTEIBHYIO pPOJIb B  (U3HOIOTMYECKOW IPPEKTUBHOCTH H  IKHU3HEACATCIHHOCTH
pacrenusi. HaGmojaemoe yBeqMYeHHE B pa3Mepe WM IUIOTHOCTH YCTBHI[ — HU3BECTHAs
cTparerust Juisi yBenuueHus ckopoctu audpdyszun CO, B JIUCThS, U, CIENOBATEIbHO, K
MOJYYEHHIO YIJIepoJia, HO JTO TPOUCXOJMT, KaK TMPaBUIO, 3a CHET YBEIUYCHHS
tpancnuparuu (Franks, 2009; Russo et al., 2010; Zhang et al., 2012). M3meHenus B
pa3mMepe WM IUIOTHOCTH YCTBUI[ TaKXXe CBS3aHbl CO CKOPOCTbIO PAaCIUIMpEHHs
OMUACPMATIBHBIX KJICTOK, TaK KaK aJlJIOMCTpUsA [ABYX OTHUX IMPHU3HAKOB Pa3sBHUBACTCA
ckoppenupoanHo (Sack et al., 2003).
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Puc. 3. 3aBucumoctb Mopdo/10ro-aHATOMUYECKUX apaMeTpoB cTedJiesoro jucrta C. sibirica
OT MapaMeTPOB YCTHHYHOI0 KOMILJIEKCA U BHYTPEHHEH aHATOMHUU: TOJILIUHBI JINCTA
cTedJIeBOro JUCTA (a) M Beca BLICYLIEHHOro JiucTa (my) (b) ot auunbl yerbuua (Ls);

Beca BBICYLIEHHOI0 JINCTA (M) OT KOJMYeCcTBa yCThHI Ha 1 MM’ aGaKcHaTbHOlM CTOPOHBI
Jmcra (ns) (¢); yerbu4HO-nopoBoro uuaekca (SPI) ot ronmunsl aucra (tl) (d);
OTHOLLIEHHUSI Beca BbICYIIEHHOI0 JIUCTA K ero miowmanau (m4/S) (e); OTHOLIeHHus Beca
BBICYIIEHHOI0 JIUCTA K cBexkeMy (m;/m) (f); ToJIMHBI 3nuaepMuca (te) (g); OTHOLEeHUs
TOJILIMHBI SNHAEPMUCA K ToJIHHe JucTa (te/tl) (h); koauyecTBa yCTHUI U 3MHAEPMAIBHBIX
KJIeToK Ha 1 MM? a6aKcHaIbHOI TMOBEPXHOCTH JIMCTA OT TOJIIMHBI dnuaepmuca (te) (i):

1 — KOJINYECTBO YCTHHII, 2 — KOJHMUYECTBO KIIETOK;

a—f— st C. sibirica 8 Kpeimy (Uydyt-Kane); g—i — nns C. sibirica B loHerke

YerpuaHo-niopoBeIid HIEKC (SPI) mMmeer OonbIoe KOMMYECTBO CBS3EH CO MHOTUME
napamerpamu: toiuaoi nucra (tl) (0,94) (puc. 3, d), mezoduina (tm) (0,90), Becom
ceexxero (m) (0,86) u BeicymienHoro nucra (m;) (0,94), 3HaYeHUsIMA OTHOILEHUH m /S
(0,99) (puc. 3, €) 1 m;/m (0,95) (puc. 3, /).

CoOTHOIIIEHHE TONLIMHBI CTONOYaTOr0 Mesodmuia u jaucra (tcm/tl) ymeHbmiaercs, a
ryb4aroro me3oduuia u yucra (tsm/tl) yBenuuuBaeTcs nmpu BO3pacTaHWU MHIEKCA JIMCTa
(D) (-0,85 u 0,71 cootBercTBeHHO), ero urupunsl (nl) (-0,92 u 0,92), wiomanu (S) (-0,74 u
0,77), ycrenuno-asmmunepmansaoro nunaekca (SEI) (-0,78 u 0,70).

Jns crebneoro smcra C. sibirica B JloHeNKe XapaKTEpPHO MEHBIIECE KOJIMYCCTBO
cBsi3ei (YHKIMOHANBHBIX Npu3HakoB. KommuectBo yerbun (-0,84) u snumaepManbHBIX
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kietok (-0,90), ycremuHO-mIOpoBHIH mHAEKC (SPI) oTpumaTensHO CBS3aH C TONIIMHOMN
snunepmuca (-0,95) (puc. 3, g). JlnmHa ycThuiia 00paTHO CBsi3aHa C TOJILIUHOM
cronbuaroro Me3opmuia (-0,70), Takke kak u Juis JUCTbeB pacteHui mu3 Yydyr-Kane.
CooTHOIIIEHHE TOJIIMHKI cToJIOuaroro me3ohwuia u jucta (tcm/tl) yBenuumBaercs rpu
ymenpmieHnn JumHel  yereuma  (Ls)  (-0,73).  VYcreuuHo-mopoBbiii  mHAexkc  (SPI)
yBenuuuBaeTcs npu yosiBanum te/tl (puc. 3, ) n Bo3pacranuu tm/tl (0,90). KommuectBo
MHIEPMATBHBIX KIETOK H YCTHHUII Ha | MM a0aKCHaIbHOM MOBEPXHOCTH CTEBIEBOrO JIHCTa
YBEJIMYMBACTCS IIPH YMEHBIICHUH TOJIIIMHBI 3MTUiepMuca Jiucra (te) (puc. 3, i).

B o6mem mMaccuBe naHHbIX crebueBoro jucta C. sibirica ynenbHas Momaab JHCTHEB
(SLA) wMeeT TMONOXKHUTENBHYIO CBI3b ¢ Kodpduuumenrom mnamucagaocta (0,71),
OTPHIATEIFHYIO C TONMHHON cTond4yaroro me3odpmma (-0,67) u M /M (-0,91). Ycrpuaro-
mopoBbiit uHIeKe (SPI) cBszan ¢ m;/S (-0,59), orHomenmwsmu tm/tl (0,59) u te/tl (-0,67).
Otrorrenue tem/tl momoskutensHO cesizano ¢ m/S (0,59) u SLA (0,83).

CrebneBsie nmcthst C. sibirica 00ecnedunBaOT >KU3HEACATENBHOCTh DPACTCHHH B
HeOnaronpuatHeiii mepuon. Onu  QopmupyroTcss B cepeauHe Jjera — Haubojee
SKCTPEMAIbHBIA MEPHOJ MO TeMIEpaType W BIAro00CCHCUCHHIO, MO HAIIeMy MHEHHUIO,
UMEHHO 3TO OOYCJIOBIMBAET IOBBIIICHHE KOJMYECTBA CBs3eH HMX (PyHKIIMOHAIBHBIX
NapaMeTpOB B CPABHEHHHU C PO3ETOYHBIMH.

BbIBOAbI

BBISIBJIEHO, YTO OTBETHBIMU PEAKIMSIMHU Ha yCIOBHUS M3MEHSIOMICHCS CPE/IbI SIBIISIOTCS:
1) u3MeHeHHe KOJIMYECTBA M TECHOTHI CBs3eH (DYHKIMOHAIBHBIX MapaMeTpOB JIHCTA;
2) KOJIIMYECTBEHHBIE M3MEHEHHSI B YCTHUYHO-3MUAEPMAIEHOM KOMIUICKCE W BHYTpPEHHEH
AQHATOMHUM JICTa. B pasHBIX yCIOBUSX CYIIECTBOBAHUS W3MEHEHHS B YCTHHYHO-
SMHUIEPMATIBHOM KOMIUIEKCE JHCTa pa3HbIX (popmanuit Campanula sibirica mpoucxonsT B
KOPPEJSIIUY ¢ BAXXHBIMU (PYHKIMOHAIBHBIMH PU3HAKAMH JIHCTA.

B Gonee xectkux ycnoBusix obutanus y C. sibirica 1) npu yBennuenun uagekca (I)
PO3ETOYHOTr0 JIHCTa YMEHbIIAeTCsl KOI(G(HUIUEHT MaIuCaJHOCTH M IUIOTHOCTh YCTBUII,
YBEJIMYMBACTCSI MX pa3Mep; 2) TpH yBEIHMYEHHH Beca CTeOIeBOrO JIMCTA, OTHOUICHHUHN
M;/M, M /S, ToamuHbl JgKCcTa U Me30(GUIIa MPOUCXOAIT 3HAYUTEIbHBIC W3MCHCHUS B
IUIOTHOCTH YCTBHUII HAa abaKCHAILHON CTOPOHE (BO3pAcTaeT) U UX JUTHHE (YMEHBIIIACTCS).

JuHa vepemika poserouHoro jucra (Lp) cesizana ¢ Becom sucta, M/S, tcm/tl. Ilpu
yBenuyeHu JuMHbl ycrbuna (Ls) Bo3pacraer yzaenbHas IUIOMAAb PO3ETOYHOTO JIMCTa
(SLA). Jnuna ycrpuna (Ls) mON0XKUTENEHO KOPPETUPYET C HHACKCOM JIUCTa, tsm/tl u tle/tl,
oTpunarensHo ¢ tcm/tl, koapduuuentom namucagnoct (k). YCTbHYHO-TIOPOBBIH MHIEKC
(SPI), koTOpBIi1 CBSI3aH ¢ KOMIUIEKCOM aIallTUBHBIX MPHU3HAKOB PACTCHHUH, OMPEICIISIOMINX
CTpaTeruio ux (yHKIIMOHWPOBAHUS, TOJIOKHUTEIBHO cBs3aH ¢ tem/tl. Takum obpazom, mpu
MPUCTIOCOONIEHNN K MU3MEHSIOIINMCS YCIOBUSIM OOMTaHHMS MPOMCXOAAT (YHKIIMOHAIbHBIC
MEPECTPONKH PO3ETOYHOTO JIMCTA, BBHIPAKAIOIIMECS B M3MEHEHUH JJIMHBI YEpEIKa JINCTa
(Lp) u ycrerma (Ls), ycreraro-opoBoro uaaekca (SPI).

AnantuBHbele npu3Haku pacteHuil C. sibirica Ha ypoBHe: 1) po3eTodHOro jmcra —
YBEJIMYCHUE TONIIMHBI Me30(UIUIa, B YACTHOCTH CTOJIOYATOro Me3oduiia, abakcHaabHOTo
SMHUAEpPMHUCA, yIenbHOW muiomanu yucta (SLA), yMeHbIIeHHe IUIOIIAAM M Beca JIUCTA,
JUIMHBI ~ YepellKka, KOJMYeCTBa YCTBHUIl, YCTbUYHO-nopoBoro wunuekca (SPI) ¢
OJTHOBPEMEHHBIM YBEIMYEHHEM JUIMHBI YCTBUI[A; 2) CTEOJEBOro JIMCTA — YBEJIMYCHHE
TOJIIMHEI Me30(uilIa, yaeiapHO! romany iaucta (SLA), yMeHbIIeHHEe IUIOIAaAN U Beca
BBICYIIEHHOTO JIMCTA, YBEIIMUCHNE IIHUPHHBI YCTHHIIA.

JIuctest crebneBor (opmammy (DYHKIMOHMPYIOT M OOCCIEUMBAIOT >KH3HEIESTEILHOCTh
pacTeHust B HauOoJee SKCTPEMAIBHBIA MO TEMIIEpaType M Biare Mepholl, YTo O00yC/IOBINBAET
Oonblree KOMMYECTBO CBf3eH MX (DYHKIMOHAIBHBIX MPU3HAKOB B 0o0jee SKCTpEeMAalbHBIX
YCJIOBHSIX POU3PACTAHMS IO CPABHEHHIO C PO3ETOYHBIMHU. B Gortee KeCTKHX yCloBHsIX OOUTaHUS
ymcTest obenx Qopmanmii C. sibirica OTIMYAIOTCS BBICOKOH 3((EKTUBHOCTHIO HCIIOIb30BAHUS
snepruu orocunresa (PEUE) u Hu3koit a¢ddexrrBHOCTBIO Hcnonb3oBanus Boapl (WUE).
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B po06oTi npencraBieHo aHali3 B3a€MO3B’ 13Ky CTaHy POCIMHHOTO MOKPUBY Ta IHTEHCHBHOCTI
BOJIHOI epo3ii 32 CHHEpreTHYHUX 3acaj Ha MPHUKJIali HaiOinbm epogoBaHoro Bogo3oopy KpuMceekux
rip. BcraHoBneHO, 1110 CTaH POCIMHHOTO MOKPUBY BimoOpakae iHTerpaabHUI eeKT B3aeMoii ek30-
Ta CHIOTCHHHMX CKOJIOTIYHMX YHMHHHKIB. JlocmifkeHi cepeaHbOBiKOBI jay0oBi Jicn €
HU3BKONPOAYKTUBHUMH, CHIBHO OCITA0JIEHHMH BHACIIIOK NPUPOJHUX YMOB Ta IIEBHOTO 3HIDKEHHS
TIPUPOIHOT CTIHKOCTI i IPOXYKTUBHOCTI y mpoleci 4-5 reHepariii MPUPOJHOro MOHOBJEHHS. IXHiii
CTaH TIOTiPUIYETHCS MO Mipi 3HWKEHHS BiJ BEPXHBOI 10 HIKHBOI, MPHOEPEKHOI YaCTUHH BOJ0300pY
3aIEKHO Bif 3GUIBIICHHS KPyTH3HH Haxwty moBepxmi momax 20°. HaluyTnusimmM iHZuKaTopoM
IHTEHCUBHOCTI HPOSIBY BOAHOI epo3ii € Tpas’suuii spyc. Epo3iliHo-aerpagoBani IUISHKH € TOCHTh
OimHMMU, HAaWOUTBII PEMpe3eHTATUBHUMHU € TPENCTaBHUKN pomuHu Poaceae, Caryophyllaceae,
Asteraceae. BcTaHOBIIEHO, IO 3a TpaJiEHTOM epO3iHHOI Jerpajaiii MOCTYIOBO 30LTBIIYETHCS
KiNbKICTh KpuntodiTiB Ta TepodiTiB. OCOOMHBICTIO € MOBHA BiJCYyTHICTh Ha CHIIBHO epo3iiHO-
JIeTpaJIoBaHAX AUISHKaX (aHepodiTiB. AHami3 CIIEKTPY JKUTTEBUX (OPM POCIMHHOTO HMOKPUBY Ta
TUMy OyJOBM IIaroHa CBiIYMTH PO HAsBHICTH CBOEPIIHUX MOPQOJIOTIYHMX HPUCTOCYBaHb Ta
ajanTalii pPOCIMH JO TIOCTIHHO 3MIHEHMX TIPYHTOBHX YMOB. 3a €KOJIOTIYHOIO CTpaTerielo
BCTAHOBJICHO 30UTBIIICHHST YACTKU €KCIUIEPEHTIB TI0 Mipi 3pOCTaHHs epo3iifHoi aurpecii IpyHTy.

OmiHKa eKOJIOTIYHHX MapaMeTpiB CepeloBHUINA ICHYBaHHS BHIIB IOKa3ajia, Mo 3a Iil pi3HOL
IHTEHCHBHOCTI BIUIMBY BOAHOI epo3ii Ha pPOCIMHHUI TOKPHUB JIMITYIOUMMH EKOJOTTYHHMHU
YUHHMKAMH € BOJIOTICTh Ta 3araJlbHUH COJNBOBUI PEXHM IPYHTY, HPH IbOMY XapakTEpPHHM €
NOCTyNoBe 30iJbLICHHS NO Mipi aAurpecii IpyHTY KUIBKOCTI BHIIB 3 IIMPOKOI EKOJOTIYHOIO
aMILTITY#OI0  (ME30BaJICHTHI, Te€MieBPOMBAJIICHTHI, €BpHBAJICHTHI). BusBIeHi 3akOHOMipHOCTI
CBiT4aTh MO epo3iliHe Ta aHTPOIOTeHHE MOAANBIIE MiICUICHHS Jierpajialii UX JICOBUX EKOCHCTEM,
0, B CBOIO Yepry, CHOPUYUHSE 3HIDKCHHS TigPOJIOTiYHOI pOJi JICIB y BOA0300pi, 3pOCTaHHA
IHTEHCHUBHOCTI BOJIHOI epo3il IPyHTY Ta 30UIbIICHHS HeOGe3NeKH MpOosiBYy EKOJOTIYHHX 3arpo3 Uit
HACeNIeHHsI, IPUPOTHHUX EKOCHCTEM, CYMDKHUX 3eMENIbHUX YTi/Jb | KOMYyHiKaIlii.
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AHANN3 B3AMMOCBA3U PACTUTENIbHOIO NOKPOBA
N MIHTEHCUBHOCTWU BOOHOU 3PO3U1U B NOPHbIX YCITOBUAX

AnHoramusi. OIHOM W3 OCHOBHBIX IPHYMH TPaHCHOPMALMU CTPYKTYpBl PACTUTEIHHOTO
TIOKPOBAa, CHWXKEHHS €T0 YCTOWYMBOCTU M €MKOCTH SIBIISIETCS Pa3BUTHE BOJHON 3PO3HMU B TOPHBIX
ycnoBusX. brarogapst yHHKaIbHEIM IPHPOIHBIM YCIOBHSM, NIEPECCUCHNIO HECKOJIBKUX IPHPOIHBIX
30H CaMbIM OoraTelM Ha OHMOpa3HOOOpa3We PEerHOHOM YKpauHBI sBisieTcs FOXXHBIH MakpOCKIOH
KpsmMckux Top, B KOTOPOM 3pO3HOHHO-OITACHBIH TOBEPXHOCTHBIA CTOK (hOPMHUPYETCSI IO BIMSIHHEM
aOMOTHYECKHX, OMOTHIECKHUX U aHTPOIIOTCHHBIX SKOJIOTUIECKHUX (haKTOPOB.

B po6ote ycTaHOBIIEHO, UYTO HCCIIENOBAaHHBIE CPETHEBEKOBBIE TyOOBBIE Jieca SBIAIOTCS HU3KO-
MPOAYKTHBHBIMH, CHJIBHO OCJIAONEHHBIMH BCIEACTBHE IPHUPOTHBIX YCIOBHH, CHIKEHHS
YCTOMYMBOCTH M IPOM3BOAUTENBHOCTH B Ipoliecce 4—5 reHeparyii eCTeCTBEHHOIO BO30OHOBIICHHSI.
Hx cocrosiHHe yXyauIaeTcs MO Mepe CHIDKEHUS OT BEepXHEeHl M0 HIDKHEeH, NMpHOpeXHOW yacTu
BOJOCOOpa B 3aBUCHMOCTH OT YyBEIWYEHHs KPyTHU3HBI HAKJIOHAa IOBepxHOCTH Oosee 20°. Ha
9PO3HOHHO-IIETPAJUPOBAHHBIX  ydYacTKax Hauboliee  peNnpe3eHTATHBHBIMH  HPEICTABUTEISIMU
ABISIIOTCA  ceMeiictBa  Poaceae, Caryophyllaceae, Asteraceae. YCTaHOBIEHO: YBEIMYEHHE
KOJIMYECTBAa KPHUITO(PHUTOB, TEPOYUTOB M SKCILIEPEHTOB; MOJTHOE OTCYTCTBHE Ha JeTpaJupOBaHHBIX
yudacTkax (anepopurtoB. IIpoBeneHHbIE aHAIM3BI CIEKTPa JKM3HEHHBIX (OPM M THNA CTPOCHUS
mobera CBUAETENBCTBYIOT O HAJHYMH CBOEOOpa3sHBIX MOP(OJIOTHYECKUX MPHUCIIOCOOICHU,
ajanTanui pacTeHHil K IOCTOSHHO W3MEHSIOIIMMCS ITOYBEHHBIM YCJIOBUSM. JIMMHUTHPYIOIIMMU
9KOJOTHUECKUMHU (DAKTOPAMU SBIISIOTCS BIAKHOCTh M OOIIMI CONEBOI PEXXUM MOYBBI, XapaKTEPHBIM
€CTh IIOCTENECHHOE YBEJIMUCHHE II0 Mepe IWIPECCHM IIOYBHI KOJIMYECTBA BHIOB C IIMPOKOI
9KOJIOTHUECKOH aMIUTUTY/I0H (ME30BaJIeHTHEIE, TEMUIBPUHBAJICHTHbIC, SBPUBAJICHTHBIC).

Kniouesvie cnoga: 600nas spo3sus, pacmumenbhblii HOKPOS, IKon02uiecKue Qakmopel.
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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 (H,,.), 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
No Altitude Steepness H, D, A N, M,
above of slope a, G, m%acr. P B
EP m cm | years us./ acr. m */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 1,14 202 02| Vv 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 (I) are considered healthy, the weakened ones (II) — 1,51—
2,50, heavily weakened (IIT) — 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 V* and V® 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. 1t 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 7,5+0,4
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 58,4129 120, 3+6,0
Average volume of erosional forms m*/acr. 963,9+48.2 3341,7+167,1
Dissection degree of area gullies, m/acr. 7,4+£0,4 2,8+0,1
Degree of transformation middle, IV stadium | intense, II 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 III Kraft class, compared to the EP3 having
weakened trees by 81 % consist plants of II 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: WAKCgp1=3,4; WAKCgp,=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 I 11 I v \ VI Index
WAKC| % | WAKC| % |WAKC| % |WAKC| % |[WAKC| % |WAKC| %
1 — — 29 236 30 |655| 34 8,0 50 105 61 24 | 3,11
— — 3,0 1341 33 |649] 35 [191] 41 9] 50 [06] 335
3 1,0 ] 031 22 73 32 | 757 30 |[151] 50 14 — - | 3,12

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

Cradient
of erosinal degradation
[0 Hemistenotopic O Stenotopic O Mesotopic & Hemiewrytopic B 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).

% 60-
501
40/
301

20

10+

1 2 3 Gradient
of erosinal degradation

O Hemistenotopic O Stenotopic £ Mesotopic ~ EJ Hemieurytopic & Eurytopic

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. 1t 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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Awnotanis. bins 78 % ciiscekorocogapchkux IpyHTIB (56 % Bin 3arampHOi ILIOII 3eMelb
VYkpaiHu) € opHUMH, [0 CKIaJae HAWBUIMK piBeHb PO30paHOCTi IpyHTIB B €Bpormi (Sutton, 2008).
JlerpajioBaHi MacoBHIIHI JIyKH JIJUPYIOTh B CIIUCKY TaKHX, L0 KOHBEPTYIOTh B OpHI arpOCHCTEMH,
TaKUM YMHOM PYIHYIOUH JIy4HYy eKocucTeMy. MeToto poboTu OyJI0 BH3HAYCHHS OCOOIMBOCTEH peaKiiii
YIpYNOBaHb POCIMH JIy4HHX €KOCHCTEM MACOBUIIHOTO TUITy BUKOPHCTAHHS Ha KJIIMATH4HI Ta IPYHTOBI
(haxTopu B Mexax Tpbox (izuko-reorpadiuaux 30H YepHiBenpkoi obmacTi YKpaiHu: piBHUHHA 30Ha,
mepenrip’s Ta Tipceka 3oHa (Kapmartm), KokHa 3 SKHX XapaKTEPH3YeEThCS cneundigHIM
MAaKpOKJIIMaToM, €BOJIIOLIEI0 POCIMHHUX YIPYNOBaHb, OCOONMBOCTSAMH JaHIMA(Ty, BHCOTOIO HAal
PpiBHEM MOpSI, BIKOM i TUITaMH TiPCHKUX MOPIJ.
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OO0’ekTaMu  JIOCTIDKeHHsT OynM POCIMHHI  yrpynoBaHHS 31 MAacOBHINHOI EKOCHCTEMH.
JlocmipKyBaHi JIyKH BUKOPHCTOBYIOTBCSI HACEIICHHSAM JUIsl BUNIACY BEJIMKOIO poraToi Xyoou. PocinnHi
3pasku uis GiToiHaMKaLil BigOMpany mia yac miKy ce30Hy Bererauil (depBeHb—iumnenb) B 2005, 2006 i
2007 3 pocmimaux AuttHOK 10 M X 10 M A7t KOKHOTO 3 MOPIBHIOBAaHUX MAacOBUIL. BU3HaUa BUIOBY
MIPUHATEKHICTh POCIMH Ta YHCENBHICTh KOXKHOTO BHIY B YrpymoBaHHi. JloCHimKyBaHi POCIHHHI
YIPYHOBaHHS aHATi3yBalM 3a JONOMOroro (iToiHauKamiifHoro asamitHdHOro Mmerony EmnenGepra
(1974) ms mopiBHSHHS peakiii yrpyrnoBaHHs Ha KIIMAaTHYHI YMOBH CEpelOBHUINA Ta (paKTOpU IPYHTY.
Cepennst peali3oBaHa Hillla KOXKHOTO By POCIIHH OI[IHEHA 3a MPaJliEHTaMK JOCIIDKCHHS KIIIMATHIHUX
(akTopiB, TAKUX SIK: IHCOJISALIIT, TETUIOBOTO PEXKUMY 1 CTYTIEHS] KOHTMHEHTAJIBHOCTI, @ TAKOXX HACTYITHHX
IPYHTOBHX YMOB: BOJIOTOCTi, KHCJIOTHOCTI Ta BMicTy a3ory. OLIHEHO BiIXWJICHHS  POCIHHHHX
YrpyHoBaHb Bifl IX MOTEHIIHHOTO KJIIMaKCOBOTO CTaHy.

BukopucraHHs TOKa3HHWKa CepelHBOi peaizoBaHOI HIllli BHOIB POCIHH B3HOBX TPami€HTY
JOCTIDKYBaHUX KITIMaTHYHAX Ta IPYHTOBHX (DaKTOpiB TOKa3ajo, M0 POCIWHHI YTPYMOBaHHS €
YyTIMBHMHM 1HAMKATOPaMH IOAO 3MIiH YMOB CepelOBHIIA. BCTaHOBIICHO, IO BiAXMICHHS POCIMHHHX
YIpyHOBaHb Bil iX MOTEHIIHHOTO KIIMAaKCOBOTO CTaHy 3pOCTa€ IPH MEpecyBaHHI y HANpsSIMKY BiX
TipCchKOT 30HM 10 PIBHUHHOI, 110 MO)ke OyTH OOYyMOBIICHO 30UIBIICHHSM aHTPOIIOI€HHOrO BIUIMBY Ta
NaCTOPAIBLHOI0 HABAHTA)XKEHHS HA JTyYHI €KOCHCTEMH B HAIPSIMKY BiJ] Tip 10 pIBHMHHOI 30HU.

Knrouosi cnosa: ghimoinouxayis, gpimoyenos, nacosuwe, ayka, anarimuynui memoo Ennenbepea.
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YCNnoBuA CPEAbI KAK ONMPEOENAIOLLUE ®AKTOPDI
PACTUTEJIbHbIX COOBLUECTB NYroBbIX 3KOCUCTEM:
PUTONHOAUKALMOHHbIN AHANTUTUYECKUM NOAxXoa

AnHoTanus. CrenaHa OICHKAa PacTHTENBHBIX coodmiecTB 31 macTOMIIHON 3KOCHCTEMBI C
TOMOIIBI0  (PUTOWHAWKAIIMOHHOTO aHATUTHYeCKOro Meroaa JmieHOepra (1974) mnsa cpaBHeHHSA
peaKkIuu aHTPOIIOT€HHO-TPAHC(OPMHUPOBAHHBIX COOOMIECTB HA KIMMATHIECKHE YCIOBHS CPEAbl U
snadudeckre (akTopel B Ipenenax Tpex (HU3HMKo-Teorpadmueckux 30H UepHOBUIKOH obiacTn
VYkpauHbl: paBHHHHas 30Ha, npexnropse U ropel (Kapmater). Mcmonb3oBanue moxaszaterns cpemHei
peaNn30BaHHOM HHIIM BHJOB PACTEHHH BJOJIb TpaJMEHTa MCCICAYEMBIX KINMAaTHYECKUX U
snaduyeckux (HaKTOPOB IOKA3aJ0, YTO PACTHTEIBHBIE COOOLIECTBA SIBISIIOTCS YyBCTBUTEIBHBIMU
UHANKATOpaMH HW3MCHEHUH YCIOBMil Cpelbl. YCTaHOBJICHO, 4YTO OTKJIOHEHHE PACTUTENIbHBIX
COOOIIECTB OT UX IOTCHIMAJIBHOTO KIMMAKCHOTO COCTOSHHS BO3PACTAeT IPU IEPE/BHKCHUM IO
HAINpaBJICHUIO OT TOPHOIl 30HBI K PAaBHMHHOH, YTO MOXET ObITh OOYCIOBJICHO YBEIHYCHHEM
AHTPOIIOTEHHOT'O BO3/ICHCTBUS M MAcTOpaIbHOH HArpy3KH Ha JIyTOBBIE SKOCHCTEMbI B HAIPABICHUN
OT Iop K paBHUHHOI! 30HE.

Kniouesvie cnoea: gumounouxayus, gumoyenos, nacmoéuwe, nye, AHATUMULECKUL Menoo
Dnnenbepea.

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 3540 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 Im 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,when 5 >¢<25%;and C;=1, when 1 > ¢ <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 7 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 7, as follows in table 1.

The phytoindication measure X, of a total community reaction on a factor f was
calculated as follows: X , = >Cf;, / >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 ry of the measured values of f from the reference value was
assessed as follows (Didukh and Gaiova, 2008): ry= X ; - m,/ max,* 100%, where X sis a
phytoindication measure of a total community reaction on a factor f; m, is a mean value of
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X rassessed 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=73r,/n, wheren is a number of factors f(n=6).

Table 1

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

abfaerlzfz(i);{iﬂon max;, Description
Habitat-climatic conditions:
Insolation, Z 9 indic.a.tes the relative strength of .insolati(')r}; vary from 1 (species
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 Xy 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 < Xr <4.8; m=4.2, SD(+)=0.4); for Foothills zone (3.4 <Xp<5.3; m=4.2,
SD(+)=0.5); and for Mountains (3.7 < Xp < 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 X varies in general within the
study area as follows: 2.3 < X 5.7, m=4.0, (SD(+)=0.8). Within 12 pastures of Plain area
Xy 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 Xy ranges from 3.0 to 5.7 values (m = 4.4,
SD(+)=0.7). The minimum, maximum, and mean values are respectively 3.5 < Xz < 4.5,
m = 3.9 (SD(+)=0.4) for the measure X 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
Xy 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 Xj.
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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

Study grasslands X, of factors f under assess:
F N R L T K
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 2.5 6.2 2.1 3.0
9 | Chornyvka 3.9 4.3 3.3 6.9 2.9 3.8
S | 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
&~ Stavchany 3.6 3.5 3.7 6.9 2.5 2.6
Grushivey 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
« | Kostynsy 4.6 3.9 43 6.9 3.1 2.7
= | Brusnyca 4.1 3.4 4.4 7.5 3.5 3.6
S | Chereshenka 53 52 3.0 75 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 34
Stebnyk 3.7 3.4 4.1 3.9 3.2 3.5
2 | Lopushna 4.0 3.0 4.4 6.4 3.1 3.8
é Selatyn 4.1 3.8 3.8 7.0 3.8 3.1
2 | 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 Xy 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 X7, as well as by
the community resistance Xk 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 X7 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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X7 values in grasslands under study shows the following results for each of physic-
geographical zones: for Plain zone (2.1 < X7 < 7.2; m = 3.7, SD(+)=1.4); for Foothills
(2.1 £ X7 <43, 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
(62 <X, <79; m= 7.1, 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 Xx (m ~ 3.2; SD(+)~0.4)., while the mountain grassland communities
show the comparatively lower range and variability of values: 2.9 < Xy < 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 fassessed
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 A®ENIHIO (HYMENOPTERA, APHELINIDAE)
3 ®ITOPAFAMM (HOMOPTERA: COCCOIDEA, ALEURODIDEA, APHIDOIDEA)
B ASEPBAVOXAHI

Amnorauisi. HaBeneno ingopmarniro npo ademninia (Hymenoptera, Aphelinidae) AzepOaitmxany,
sIKl BUABJICHI s payHu 1iei pecmyOrniku. B pesynbrari 6araTopidHUX CIIOCTEPEKEHb BCTAHOBJIECHO
61 Bux aderinig, BUBCICHAX 3 NIUTIBOK, IICEBIONIUTIBOK, MONEHIb, aeiipoaia i T.4. [IpencrasieHi
pe3yibTaTH  mochipkeHHs Tpodiunmx 3BBKiB ademinin (Hymenoptera, Aphelinidae) Ta ix
rOCIIOJIAPiB, a TAKOXK CKJIAJICHO CIIMCOK POAiB i BUAIB adeliuig 3 rocnogapsmu-diroparamu.

Knrwwuosi cnosa: agheniniou, mpogiuni 36 ‘szxu, Mmonogazu, onicogazu, nonigpazu.
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TPOPUYECKUE CBA3U ADENNMHUA (HYMENOPTERA, APHELINIDAE)
C ®UTODATAMU (HOMOPTERA: COCCOIDEA, ALEURODIDEA, APHIDOIDEA)
B ASEPBAUKAHE

Annoranms. [lpuBenena wuHpopManus o6 adenuauaax (Hymenoptera, Aphelinidae)
Aszepbaiipkana, KOTOpble BBISBIEHBI Ui (hayHBI 9TOH pecryOuuku. B pesynbraTe MHOrOIEeTHHUX
HaOmroneHuit yctaHoBieH 61 Bux adenuHuA, BBIBEICHHBIX W3 IIUTOBOK, JOXXKHOLIUTOBOK, TIEH,
anefiporun u T.4. IlpencrtaBieHbl pe3ynbTaThl HCCISIOBAaHUS TPOPUUECKHX CBsizeil adenuHu
(Hymenoptera, Aphelinidae) 1 ux x03s1€B, a TakkK€ COCTaBJIEH CIIHCOK POJOB U BUAOB adernuHUn
x03sieBaMU-(hUTOaramu.

Knrouesvie cnosa: apenunuov, mpoguueckue ceéasu, monogazu, onueogau, norudazu.

BBEAEHUE

Vcnonb3oBaHne MPUPOJHBIX PECYPCOB IIOJIE3HBIX SHTOMO(Aros B 60ps0e ¢ BpeAUTEIsIMU
UMeeT OOJIBIIOE TEOPETUYECKOe M IPAaKTHUeCKoe 3HaueHHe. AQEeTMHUIbI MIMPOKO H3BECTHEI
KaK 3(deKTUBHbIE HTOMO(Arn MHOTHX BpPEIHBIX COCYIIMX HACEKOMBIX — KOKIMJ, TICH,
aneipomu, 61aromapsi YeMy UX YCIICITHO MPHMEHSIIOT B OHOJIOTHYECKOH 60phoe.
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OpHako, IPUPOAHBIE PECYPCHI SHTOMO(AroB, B TOM 4Hcie aeTnHUIBI, BCE €IIe Majlo
UCTIONB3YIOTCSI B WHTETPHPOBAHHBIX CHUCTEMAax 3alllUThl PACTCHUH OT BpeOUTENCH.
AdenuHnab ABISIOTCS Mapa3UTaMi MHOTUX BPEAHBIX HACEKOMBIX, OATOMY H3y4YCHHE HX
XO35IMHA B MIAPa3UTHBIX CBS3SX MO3BOJISIET OLIEHHUTH MEPCIEKTUBBI UX MCIOJIb30BAHMUS LIS
00peOBI Cc BpemuTensiMu. B mepBoM cooOmennu o ¢ayHe adenununn AsepOaiimkaHa
npuBoautcst 29 BunoB (Rzaeva and Yasnosh, 1979). Ilo nammm nanHHbIM, Uit (ayHbI
Bocrounoro Azep6aiimxana BeisiBiieHo 46 BunoB adennang (Mustafaeva, 1990).

Lenpto nccnenoBanuii siBuioch m3ydenue adenunun (Hymenoptera, Aphelinidae)
AszepOaiimkaHna Kak OCHOBa ISl pa3pabOTKM IMyTeil WX MPaKTHYECKOro MPUMEHEHUS B
WHTETPUPOBAHHOM 3aIIUTE PACTEHUH OT BpENIUTENIEH.

MATEPUAI U METOAbl UCCNEQOBAHUA

MatepuanoM sl HACTOSIICH CTaThbU MOCITYXWIH COOpBI, MpoBoauBIHecs B 1990—
2013 rr. B paiioHax AzepOaiipkaHa ¢ paHHel BecHBI 10 o3 gHel oceHu. COOphI MPOBEIEHBI
Kak BO BpeMs KOMIUICKCHBIX (hayHHCTHYECKMX OSKcrneaniuid HWHerutyTa 300510TMH
HAH AszepOaiipkana, Tak ¥ IIyTeM MHOTOYHCICHHBIX WHIUBUAYAIBHBIX JKCIICTUIHNA.
AdenuHnapl coONpannuch B €CTECTBEHHBIX M KyJIbTYPHBIX CTalMSX ITyTE€M BBIBEICHHS U3
X035I€B U C TIOMOIIBI0 SHTOMONOorHIeckoro cauka (Borkhsenius, 1968; Tryapitsyn et al.,
1982). Jlns ompeneneHust MEIKIX BHIOB U3TOTOBMIM MUKPOCKOIIMIECKHE TIpenapaThl. J{is
omnpezeneHusl a(enuHu HCIOIb30BAINCH ONPEAEIUTEIbHBIC TaONUIIBI, COCTaBJICHHBIC
Hukonbckoit u SIcaomr (Nicholas and Yasnosh, 1966), SIcaom (Yasnosh, 1995).

PE3YJIbTATbI U UX OBCYXOEHUE.

B pesynpraTe MHOTONETHHX WCCIIEIOBAaHWA B AsepOaiflikaHe 3aperucTpUPOBaHO
61 BumoB adenmHMA, oTHOCSIUXCA K 4 momcemeiictBaM U 15 pomam. AdenuHUIBL, B
OCHOBHOM, cBs3aHbl ¢ Homoptera. Jlnunaky adenuHun BHYTPEHHHE, pEXe HapyKHbIE
mapa3uTel KOKOWZ (TIaBHBIM OOpa3oM IIHTOBOK), TJICH, aledponua, pexe Ipyrux
HACEKOMBIX. YCTaHOBJIECHBI Tpo(pHUYEeCKHe CBA3M adelnuHuA ¢ XOo3sieBaMH-(PHUTO(AraMH.
Hwxe B Tabnuiie 1 npuBoasSTCA 9TH JaHHBIE.

Tabnuya 1

Tpopuueckue cBsazu adpesnnun (Hymenoptera, Aphelinidae) Asep6aiimxana
¢ ux xo3sieBamu-puroparamu

CewmetictBa Aphelinidae. ®durodaru-xo3seBa ahenuHAI.
Ponpl 1 BuaE! adenuHug Busl x035€B
1 2
Pox Aphelinus Dalman
1. Aphelinis asychis Walker. Hyalopterus pruni Geoffr.
2. Aphelinus chaonia Walker. Aphis gossypii Glov.?

Dysaphis devecta Walk.*
Chaitophorus niger Mordv.
Brachycaudis helichrysi Kalt.
Aphis umbrella C.B.>

Aphis farinosa Gmell.
Aphis fabae Sc.*

Aphis genistae Scop.”

Aphis craccivora Koch.
Hyalopterus pruni Geoffr.?

2

3.Aphelinus daucicola Kurdjumov Brachycaudis cardui L.*
Siphocorine eylosyei Schre.
4.Aphelinus flavipes (=A.kurdjumovi) Mercet. Diaspis devecta Wlk.?

Brachycaudis helichrysi Kalt.?
Aphis craccivora Koch.?
Aphis rufula Walk.?

Shisaphis graminium Rond.*
Rhopalosiphum maidis Fitch.?
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Ipooonscenue mabn. 1

1

2

5. Aphelinus fulvus (Yasnoch)

Chaetophorus capreae Koch.”

6. Aphelinus fusciscapus Foerster.

X0351H HE U3BECTCH.

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.”

11.4Aphelinus toxopteraphidis Kurd.

Sphizaphis graminum Rond.?

12.Aphelinus bicolor Yasnosh

Aphis fabae Scop.”

13.4phelinus transversus Thoms.

XO351H HE H3BECTEH. >

Pon Protaphelinus Mackauer

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

Pemphigus bursarius L.
Pemphigus lichtensteini Tullg.

Pox 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.

Pon Eretmocerus Haldemani

17. Eretmocerus haldemani Howard

Trialeurodes vaporariorum Westw’
Aleurodes proletella L.

Pon Aphytis Howard.

18. Aphytis aonidea Mercet.

Lepidosaphes granati Kor.

Carulaspis minima Targ.

Epidiaspis leperii Siqnorett 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. Aphpytis testaceus Tschum

Carulaspis minima Targ.
Lepidosaphes granati Kor.
Epidiaspis leperii Signorett.
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IIpooonscenue maon. 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.

Pon 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.

Pox Coccophagus Westwood, 1833

31. Coccophagus differens Yasnoch.

Sphaerolecanium prunastri Fonsc. '

32. Coccophagus lycimnia (Walker)

Coccus hesperidum L.

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

33.Coccophagus maculipennis Y asnoch.

Pulvinaria aurantii CKIL. T
Pulvinaria sp.'

34.Coccophagus insidiator Dalman

Physokermes piceae Sch."

35.Coccophagus proximus Yasnoch

Spharolecanium prunastri Fonsc.!

36. Coccophagus piceae Erd.

Pulvinaria sp.'
Pulvinaria betulae L.!

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

. " T
Parthenolecanium persicae F.

. 1
Coccus hesperidum L.

38.Coccophagus paleolecanii Yasnoch

Paleolecanium bituberculatum Targ."

39. Coccophagus signatus Y asnoch

Pulvinaria floccifera (Westw.) "
Pulvinaria sp. "

Pox 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
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Pon Pteroptrix Westwood.

43. Pteroptrix macropedicellata (Malac).

Aulacaspis rosae Bche.

Pox 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

Pon 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 CKll.

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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Aleurodes proletella L.
Siphoninus phyllyreae Hal.’
Siphoninus phyllyreae Hal.*
Leucaspis pusilla Loew.

58. Encarsia tricolor Foerster

59. Encarsia gautieri (Mercet)
60. Encarsia leucaspidis Merc.
Pon Centrodora Foerster

61. Centrodora amoena Foerster

| Xiphidium dorseatum Latz.

Ipumeuannsi. CucremMaTHuecKas NPHUHAIICKHOCTh XO35€B HMEET CICAYIONe O003HAUCHHUS:
IIUTOBKH — 0€3 OTMETKH, JIOKHOIIUTOBKY — 1, TJIH — 2, anedpoansl — 3.

B tabnwuiie 2 mpuBOAATCS CBSI3H POJIOB ad)eIMHII C XO35ICBAMU.

Tabruya 2
CBs31 pooB adeTnHU] ¢ X031eBaMu-QpuTodharamu
Xo3sieBa adenuHu
[utoBKkU JloxHo- benoxpbuiku | Tau MyuHucTsie [Tapasursr
IIUTOBKH A YepBeIbl Orthoptera
anepouabl
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

Pe3ynbpraTel HAIIMX HWCCIIEIOBAHUM MO3BOJISIET paszaenuTh apennang AzepOaiimxana
0 TUITY TPODHUUECKHUX CBSI3CH HA CIIEIYIOINE TPYIIIIBL:

1. MoHodaru — 3apakaroliue OJ{H, PeKe 1Ba WIK TpU OJU3KUX BHA X035eB. K HUM
otHocsTcs: 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. Onmurodaru — 3apakarolne X03si€B, OTHOCSIUXCSA K Pa3IMYHBIM pOJaM OIHOU
TpuOHI U moacemeiicTBa. K HuM oTHOCSTCS 44 BUAA.

3. Tonudaru — 3apaxaromiye Xo3sieB U3 pasiinuHbIX cemelcTBa. K HUM oTHOCSTCS
qume HemHorue Buubl: Coccophagus lycimnia (Walker), Aphelinus chaonia Walker.,
Aspidiotiphagus citrinus Graw.
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1. Pe3ynbrats

HAIlUX HWCCIICJAOBAHHBIN IMOKa3aiu, 4yTo U3 61 BHIOB adeMHUI,

BBISIBJICHHBIX JUIsI A3epOaiipkana, mapasutamu mied (Aphidinea) sBisrores 14 BUIOB

2 poJoB,

napasutamu 1muToBOK (Diaspididaec) — 30 BumoB 9 pomoB, mapa3uTamu

JIO)KHOIIIUTOBOK M MyJIBUHAapHii — 11 BUIOB ABYX poJIOB (C MyYHHCTHIMHU YepBEIIAMH CBSI3aH
1 Bun 1 pona), mapazutamu aneriponun (Aleyrodinea) — 5 BumoB 2 ponoB u 1 Bux siBisieTcs

napasurom Orthoptera.

2. B ¢ayne ademunnn AzepOaiimkaHa MoHOGarus wu monuddarus CBOWCTBEHHA
JIUIIh HeMHOTUM BHAaM (14 W 3 COOTBETCTBEHHO), OOJBIIMHCTBO BHIOB (44) SBIAIOTCS

onmugaramu.
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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; MT7-1 (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 MTs).

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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EBOJIIOLIWHUA NPOIPEC Y ®YHKLISAX METAJIOTIOHEIHIB
Y EKOCUCTEMAX, LLIO NOCTIMHO 3MIHIOIOTbCA

AHoranisi. Meranorioneinn (MT) € B pi3HHX oOpraHi3amMax, OOYMHAIOYH BiJ IESIKHX
MPOKapioTiB, 10 eykapioTiB i ccaBUiB. MT € mpoTeiHaMu 3 HHU3BKOIO MOJEKYJIAPHOI Macoio (B
inTepBani Big 500 mo 14000 [la), 36aradeHi Ha 3aJUINOK IMCTEIHY i €EKTUBHO 3B'SA3YIOTHCA 3
Metarnamu. MT 31aTHi 3B'a3yBaTH sK ()i3i0M0TIUHI 10HH (HANPHUKIAA, IMHKY, Miji, CEJICHY), TaK 1 10HH
BO)KKUX METaJIiB-KCEHOOIOTHKIB (TakMX SIK KaJgMif, pTyTh, cpi0iio, MHII'SK) 32 PaXxyHOK TiOJOBOI
TPYIH CBOIX 3aJMIIKIB LUCTe{Hy, sKi HpencraBisioTs Omm3pko 30 % cxiaxy amMiHOKHCIOTHHX
3anumKiB. IX 3B'A3yBaHHA 3 BAKKUMH MeTajJaMH TMPU3BOAMTH 1O YTBOPEHHS METAITiONOBUX
KJacTepiB. BBaxaerncs, mo npucytHicTh 1ucteiny B MT HeoOXxigHO 1t Horo (yHKLIiOHYBaHHS, a
TaKOXX Ma€ Ba)KJIMBE 3HAYEHHS U1 BKUBAHHS OPraHi3MiB, TaK sIK MOKe 3MiHIOBaTH IMyHHHII cTaTyc.
Pizui tumn MT knacudikoBai, rojgoBHUM uyuHOM, y Tpynax I i II. Buninsiore 4oTupu ocHOBHI
MiATpyNH ciMeicTBa METANOTIOHEIHIB, SIKi MOIUISIOTH 3aJIeKHO Bix cimeiictB reHiB MT ccaBiiB;
MT-1 (miztumu A, B, E, F, G, H, L, M, X), MT-2, MT-3, MT-4. BoHt CHHTE3YIOTbCS TOJIOBHHM
YMHOM B MEYiHIl Ta HUPKaX. IXHS NPOYKILs 3a€KUTh Bijl HASBHOCTI XapuOBHX MiHEpAiB, TAKUX 5K
[OUHK, MiJb 1 CENIeH, 1 TICTHIUHY aMiHOKHCIOT i mucteidy. I[ligpos3min Ha Oarato miarpym MT
MOB'SI3aHO 3 Pi3HUMH (PYHKINSIMU JaHUX OiNKiB. BincyTHIiCTh OfHIET 3 MEBHOT MEPBUHHOI 3arajibHOI
¢yHk1ii, 6e3yMOBHO, MOXKe OyTH NPHYMHOIO JUIs BHIUICHHS BigmoBigHux izopopm MT B okpemuit
migrun. EBomoriss MT ayjke BaxxiuBa JUisl HAyKH, Tak sIK BiJI3epKaJIfO€ 3MiHY CHEKTPY BaKIHMBHX
OiomapkepiB B MEIMIMHI Ta EKOJOTiYHHX gociiikeHHsX. MT He OOMEXyIOThCsS OpraHizaMoM
JIOAWHK, BOHH TAaKOX 3HAMICHI B IHIIMX CCaBLIB cepel XpeOeTHHUX (Hampukman, Kypku, Gallus
Gallus, abo ccaBuiB Mus Musculus), y BUmnx pociuH (Hanpuknan, Pisum sativum, Triticum durum,
Zea mays, Quercus suber), B HalinpocTimux (Hanp. iHpYy3o0pis Tetrahymena genera), B ApDKIKAX
(manpuknan, Saccharomyces cerevisiae, Candida albicans), y 6e3xpeOeTHIX (HaIPHUKIAL, HEMAaTOIU
Caenorhabditis elegans, komax Drosophila melanogaster, wmomockax Mytilus edulis, a6o
royikomkipux Strongylocentrotus purpuratus i B 6araTthoX NpOKapioTiB (Hampukiaj, nianobakrepil
Syneccococus spp). MT Bix Takoro pi3HOMaHITHOTO TAKCOHOMIYHOTO Jlialla3oHy € Ay)Ke HEOIHOPIIHI
(32 MOJIEKYJIAPHOI0 MacH Ta KUIBKOCTI M PO3MOAiNY 3alMIIKiB HUCTEIHY), YacTillle BCbOIO MAlOTh
HU3BKY CTYIiHb TOMOJOTIi; HE3BaXKAlO4YW Ha 1€, TOMOJIOTiA 3HAXONUTHCA BCEPEIUHI IESIKUX
TaKCOHOMIYHHUX TPy (Hampukiai, xpedetHnx MT).

VY ngaHoMy orismi posrisHyToO eBoironito MT B pi3HHUX opraHizMax 3ajJIeKHO BiJ MiHJIHBOCTI
BUKOHYBaHOI (QyHKII] faHNX OUIKIB 32 IPUCTOCYBAHHS O KOHKPETHUX yMOB ITPOXKUBaHHA. B ormsai
aKIIGHTOBAHO yBary Ha HacTymHi Qakropu: eBomowuis reHiB MT, cTpykTypHa oprasizaiis JaHHX
MOJIEKYJI, 1X QyHKII.

Kniouosi cnosa: memanomioneinu (MT), cmpykmypa, kiacugixayis, esonioyis, 2eHu, QyHKyis.

YK 577.11:574.4 I'. A. YmaxoBa J-p OHOII. HayK, Ipod.
O. H. lluuaTym
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3BONMIOUMOHHbIA MPOIPECC B ®YHKLUUAX METANNIOTUOHENHOB
B NOCTOAHHO MEHAIOLLMNXCA S3KOCUCTEMAX

AnHoTanusi. Metammornonenasl (MT) uMmeroTcs B pa3iWYHBIX OpPTraHU3MAax, HAa4WHAs OT
HEKOTOPBIX IPOKapHOT, M0 JYyKapHoT W Miekomurarommx. MT sBiadioTcs OenkamMu ¢ HHU3KOM
MOJIEKYJIsIpHON Maccoit (B mHTepBaie ot 500 no 14000 [la), oboramieHsl ocTaTKaMu IHCTCHHA H
a¢dexTHBHO CBs3bIBalOTCA ¢ MeTayuaMd. MT CIIOCOOHEI CBSI3BIBATH KaK (DH3HOJIOTUYECKHAEC HOHBI
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(Hampumep, IIMHKA, MU, CEJIeHa), TaK M HOHBI TSDKENbIX METAIOB — KCEHOOMOTHKOB (TaKHUX Kak
KaJIMHUH, PTyTh, CepeOpO, MBIIMIBSK) 32 CUET THOJIOBOM I'PYMIIBI CBOMX OCTaTKOB LIMCTEHWHA, KOTOpHIE
npeacTaBisaioT okoigo 30 % cocTaBa aMHHOKHMCIOTHBIX OCTAaTKOB. VX CBS3bIBaHHE C TSDKENIBIMU
MeTaJUIaMH MIPUBOIUT K 00pa30BaHMIO METAITHOJIOBBIX KIacTepoB. [Ipenmnonaraor, 4To MpHCyTCTBHE
nucrenHa B MT HeoOXoauMo i ero (pyHKIMOHHPOBAHUS, a TAaKKe MMEET BaXHOE 3HAUCHHUE UIS
BBDKMBACMOCTH OPraHM3MOB, TaK KaK MOTYT MU3MCHSATh MMMYHHBIH craryc. Pasmuuneie Tamer MT
KJIacCU(UIMPOBAHEI, TIABHBIM 00pa3oM, B rpynmax [ u II. Beiaensror 4eThipe OCHOBHBIX HOATPYIIITBI
ceMeiicTBa METaNIOTHOHEHHOB, KOTOPBIE IMOAPA3ICIsIOT B 3aBUCUMOCTH OT cemeicTB reHoB MT
miekonuratomux; MT-1 (montuner A, B, E, F, G, H, L, M, X), MT-2, MT-3, MT-4. Ouu
CHUHTE3UPYIOTCS B OCHOBHOM B IIEYCHM M IMOYKaX. VX MpoayKIMs 3aBUCUT OT HAIMYUS MHIIEBBIX
MHUHEPAJIOB, TAKUX KaK IIMHK, MEJb U CeJIeH, ¥ THCTUANHA aMHHOKHCIIOT U IiicTenHa. [lonpaznenenne
Ha MHOecTBO moarpymn MT cBszaHO ¢ pasnuuHbIME (QYHKIHMAMHE JaHHBIX OeikoB. OTCyTCTBHE
OITHOHM W3 Ompe/eleHHON MepBHYHON oOmel (QyHKUIUH, 0e3yCIIOBHO, MOXET OBITh MPUYMHOU IS
BBIJICJICHHSI COOTBETCTBYIOMMX H30hopM MT B oTnenpHbIi monTuml. Dsomtonus MT oueHb BaxkHa IS
HAYKH, TaK KaK OTpaKaecT U3MCHCHHE CIICKTPA BAYKHBIX OMOMAapKEepOB B MEIUIIMHE U YKOJOTUICCKUX
UCCJICIOBAHUSX.

B nannoM 0630pe paccmorpeHa 3Bogronus MT B pasnuuHbIX OpraHM3Max B 3aBUCUMOCTH OT
W3MEHYMBOCTH BBINOJHSAEMONW (YHKUMHM JaHHBIX OENKOB B YCIOBHAX HPHUCIOCOONIECHUS K
KOHKPETHBIM YCIIOBHSAIM OOHMTaHHA. B 0030pe akueHTHpOBaHO BHHUMaHHE Ha cileayromue (GhakTopbl:
9BOJIONMS TeHOB MT, CTpyKTypHast OpraHu3aLusl JaHHBIX MOJICKYJ, UX (YHKIIHH.

Knruesvie cnosa: memaniomuoneunvt (MT), cmpykmypa, kiaccugpuxayus, 3601104us, 2eHbl,

Gynkyus.

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 (MT7-1/ 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 M7-3 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 MTs) 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 MTs).

Fowler et al. were the first to establish a classification of MTs in 1987 into three
classes; Class I was made to include polypeptides related in the positions of the Cys to
equine MT-1B (MTs homologous to horse MT), Class II included MTs non homologous to
horse MT, and Class III 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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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 M7-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
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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 OcMT1I and OcMT?2 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 OcMT?2 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
OcMTI 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
OcMT? can detoxify exogenous chemicals. The higher expression levels of OcMT?2 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 M7-/ 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 M7-/ 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 M7-1 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 ef 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 M7-1 and M7-2 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-Isart et al., 2002). Although the expression of MT-3 has been almost
exclusively related to brain tissues, it has also been demonstrated that MT7-3 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 MT7-4 is inactive in some individuals (Moleirinho et al., 2011). It is
tempting to assume that the loss (pseudogeneization) of M7-4 can be compensated by
functional equivalents. In this context, M7-1 and MT-2 would be the most likely candidates
for a number of reasons. First, the metal binding properties of M7-1 and MT-2 overlap that
of MT-4 in mice (Cai et al., 2005). Second, it has been demonstrated that some MT-/
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

T Tel.: + 38095-774-84-79. E-mail: helga22@inbox.ru

DOI: 10.15421/031511
ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 1-2 99



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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BINUAHUE COOAEPXXAHUA NOHOB XNOPUAOOB U CYIIb®ATOB
B NOYBE YPBO3KOCUCTEM r. MAPUYTOJIA HA COCTAB U BUOMACCY
NMOYBEHHbIX BOOOPOCIIEUN

AnHoTammsi. l3ydeHo cozepxaHue XJIOPHIOB M cyiab(aToB B IOuBe ypOOIKOCHCTEM
r. Mapuynonsd, ux BIUSHHE Ha COCTaB M OMoMaccy HOYBEHHBIX Bonopocieil. IIpeoGnamaromieit
rpynmoil Bopopocieil mouB B ypboskocuctem sisiercsi Cyanophyta u Chlorophyta. Buomacca
BOJIOPOCIIECH KOppenupyeT B OOpaTHOH 3aBHCHMOCTH C KOJHWYECTBOM XjopuaoB (r = - 0,90) u
cynbdaros (r = - 0,54) B mouse.

Knroueevie cnoga: ypboskocucmema, nousa, Xaopuoel, cyibgamvl, nHoueeHHble 8000POCU,
buomacca sooopocieil.
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BMIMB BMICTY IOHIB XJIOPUAIB | CYNIb®ATIB Y I'PYHTI
YPBOEKOCUCTEM m. MAPIYTONSA HA CKINAL | BIOMACY
'PYHTOBUX BOOOPOCTEN

AHoTanisi. BuueHo BMICT i0HIB XJIOpHUIIB 1 CyNb(aTIB y I'PyHTI B MeXaxX ypOOSKOCHCTEM M.
Mapiynonst Ta iX BIUIMB Ha CKJaj i Oiomacy IPYHTOBHX BoaopocTeil. IlepeBakarodoro rpyrnoro
Bojopocteil IpyHTiB ypboekocuctemu € Cyanophyta ta Chlorophyta. Biomaca Bogopocreit kopentoe
B 3BOPOTHI 3aJI€XKHOCTI 13 KUTBKICTIO 10HIB XiopumiB (r = - 0,90) Ta cynbdaris (r = - 0,54) y rpyHTi.

Knruoei cnosa: ypboexocucmema, tpyHm, X10puou, cyispamu, IpyHmosi 6000pocmi, biomaca
600opocmeli.

BCTYN

Ha rtepuropii Ykpainu momiTHe Miclie 3aliMarOTh 3acojieHl I'PyHTH, BEJIMKa 4acTHHA
SKAX TPHUNANAE Ha CTENOBY 30HY. HesHayHa KUIBKICTh ONajiB, BHCOKE BHIIAPYBaHHS
(perionanbHui KoedimieHT 3BONIOKeHHs cTtanoButh 0,5 (Mil’kov, 1977; Novikova, 2007)),
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ONI3BKE PO3TAIIyBaHHS MiHEPANi30BaHMX ITiA3EMHHUX IPYHTOBHX BOJ, BHUCOKI TeMIlepaTypu
CKJIaZaloTh YMOBH 11t ()OpMyBaHHS IPOLIECY 3acONieHHs IPYHTIB. [IpuponHe HakonmuueHHs
coJiell y TpyHTax TaKoX BiZOYBAE€THCS i Yac iX MEepeHeCEeHHs MOBITPSIHUM HUIIXOM 3 MOPS
Ha cyury (Onishchenko et al., 2011). IIpuyrHamu, MO TPU3BOISTH O 3aCOJCHHS IPYHTIB B
yMOBax ypOOEKOCHCTEM, OKpiM HPHPOJHHX, € AHTPOIIOTCHHWH BIUIMB, IIOB’SI3aHUN 13
OCa/DKEHHSIM Ta (QUIBTpali€l0 4Yepe3 IPYHTH PO3YMHIB XIMIYHMX PEYOBHH BHPOOHHYHX
BIZIXOJIiB, TEXHOTEHHO-O0YMOBJICHOTO IiATOIUICHHS axTHUMU Boxamu Toto (Lavrik, 2009).

Bomopocti € CKiIaoBOIO YAaCTHMHOIO TIPYHTOBHX OIOLEHO3IB IPUPOIHHUX 1
ypOaHnizoBaHux exocucTeM. I[pyHTOBa anbroduopa, $K BBAXAKOTh 0arato aBTOPIB,
3HAXOJUTHCSA B MPSAMIill 3alie)XHOCTI Bif aHTpomoreHHoro BIumBy (Metting, 1981; Shtina
and Nekrasova, 1985). OcobmuBocTi TPYHTOBHX BOZOPOCTEH Ta iX YrpyHOBaHb €
JO/IATKOBOIO SIKICHOKO XapaKTEPHCTUKOK IPpyHTY. CONBOBHIl CKIa] IPYHTY € YMHHUKOM,
o0 0OMeXy€e PO3BUTOK BOJOpOCTeil. 3MiHa OCMOTHYHOTO THCKY CEpelOBHINA BHACIIIOK
3aCOJIEHHS IPYHTY BimoOpa’kaeTbcsi Ha BOIHO-COJIBOBOMY OOMiHI BOJIOPOCTEH, IO 3HIKYE
npoayKTuBHICTH ocTaHHIX (Shtina, 1990). Bogopocti MOXyTh BHKOPHUCTOBYBATHUCS SIK
OloiHIMKATOPH CTaHy 3a0pyTHEHHsI IPYHTIB COJSIMH, B TOMY YHWCI, aHTPOIIOT€HHOTO
noxoxenHs (Shtina, 1990; Bellinger, 2010). V HaykoBiii JiTeparypi € BimoMocTi Hpo
CKJIaJl BOJIOPOCTEH 3acOJIeHUX IPyHTIB mpupoaHoro moxomkeHHs (Gollerbakh and Shtina,
1969; Maltseva, 2000; Solonenko et al., 2006). Oco0nHBOCTI 3MiH BOJOPOCTEBOTO CKIIATY
IpY 3MiHI KOHIEHTpAlil 10HIB XJIOPHUIIB 1 Cynab(]aTiB y IPyHTaX MICBKHUX E€KOCHUCTEM, HE
JIOCITIKYBAIIUCSL.

MeToro JoCIHiIKeHb € BUBYCHHS BIUIUBY CyIb(aTiB i XJIOPUAIB HA BUIOBUHA CKIA i
Oiomacy BomopocTedl TIpyHTIB M. Mapiymomnsa, ski mepeOyBarOTh IIiJ] BIUIHBOM
AePOTEXHOTCHHOTO HAaBaHTAKEHHS.

MATEPIANU | METOAU AOCHNIOAXEHDb

Jocmimkenns 3aificHIOBaIM y M. Mapiynoiis, 0 3HaXOOWThcs Ha miBaHI JloHermKol
00J1acTi — OJTHOMY 13 HAMOLIBII AHTPOIOreHHO-TpaHC(HOPMOBAHHUX perioHIB Ykpainu. Micto
Mapiymons po3TamioBaHo Ha 3axiqHOMY y30epesxoki TaraHpo3pKoi 3aTOKH, TIPH 3IHTTI PIYKH
Kansmiyc Ta ii paBoOGepexHoro nputoky Kaisuuk, 10 sSIKMX HaJIXOJTh IAXTHI 1 CTIYHI BOJIH.
Mineparnisauist piukosux Box ITiBriunoro [Ipuasos’st 36inbmryetsest Bix 0,5-1,0 v/aM’ mix vac
BECHSHOTO MOBHOBOIA 10 2,0-4,0 I/’ B JiTHBO-OCIHHI Tepiof, TPy 1BOMY Cy/Ib(aTHO-
KaJIbLIIEBUI COJILOBHH CKJIazl TpaHC(OPMYETHCS Ha Cylib(aTHO-KasbLieBo-HaTpieBuii (Geletyuk,
2003). TpyHTOYTBOPIOIOUOI IIOPOIOK PaiioHy MOCHIIKEHb € JIECONOMIOHMI CyrIMHOK. 3a
IPaHyJIOMETPUYHHUM CKJIAJIOM IPYHTH M. Mapiymosst BiTHOCATECS 10 CEPEIHbOCYTIIMHUCTHX 1
BOXKOCYIJIMHHUCTHX i3 NEePeBaKaHHIM MYJHCTOI Ta KPYMHOMIWTyBatol (pakuiil. Jns micbkux
TPYHTIB paifoHy AOCHIPKeHb XapaKTepHi 3MiHH 3HaueHb pH y OiK miamyroByBaHHs, Ha 10 OYII0
Bkazano Hamu pasimre (Shekhovtseva and Maltseva, 2010). KorTponem cimyxumm TepuTopii
MPHPOJIHO-3aMOBIIHOTO (QoHAY YKpaiHu B Mekax miBAeHHOT uacthHHu JIoHenpKol obiacti:
YKpalHCBKOTO CTEIOBOTO TPHUPOTHOTo 3amoBimHMKa «Kam’sHi MOrmim» Ta 3aKa3HHKa
MICIIEBOTO 3HaYEHHS «A30BCHKA J1aday. 3pa3Kul [UIs TOCIiKEHb BiIONpany Ha § CTalliOHapHIX
npoOHux twiomiax. CrarioHapHi MPoOHI IO, AKi 3HAXOMATHCS M €0 acPOTEXHOTCHHUX
BUKHJIIB Ha TepuTOpii MicTa Mapiymonsi, po3raioBaHi B IPUPOIHO-PEKpPealliiiHiil 30Hi — Mapk
BinounHKy «AszoBmann (P3AM); caHiTapHO-3aXMCHIH 30HI — OUI cTamioHy «A30Belb»
(C3AM), 6ins mpomBy3na «Azosmain» (C3AM,), merarypriianx kKomOiHatiB «im. Immiga»
(C3KI) #1 «Azoscrans» (C3AC); ceniTeOHil 30HI — HieHTpanbHa yactiHa Micta (CLIT); y3moBxk
aBTOTpAacH IpH BUI3i 3 MicTa Ha cMT Bomomapceke (AMB). [IpoOHi moromti 30HABHAX TPYHTIB
(koHTpOJBHI) OynM 3aKiaieHi Yy CTEmOBOMY 0iOreoreHo3i YKpalHCBKOTO TPHPOIHOTO
3anoBimHuka «Kam’sHi Mormmm»y (PC) i mTydHmMxX IyOOBHX HACa/DKCHHSAX 3aKa3HHKa
«A3zoBcbka gagay (DJI).

s obcresxxeHHs ypOaHI30BaHUX Ta 30HAIBHUX THIIB IPYHTIB 3pa3kd BimOmpammucs
nomapoBo 10 raubuHu 90 cM. MeToam AOCTiIKEHHS BIACTUBOCTEH IPYHTIB IPOBOIMIN
MOJIBOBUMH, J1a00OPATOPHO-aHAIITHYHUMH METOJAaMH; BHBYEHHS CKJagy BOAOpPOCTEH —
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kynerypanmsaumMu  Metomamu  (Gollerbakh and Shtina, 1969). Bbiomacy Bomopocrteit
BU3HauYaM 00’ eMHO-po3paxyHkoBuM metonoM (Bellinger, 2010). 3 meroro imeHTudikamii
BHIIB BUKOPHCTOBYBAIM BITYM3HAHI 1 3apyOiXKHI BH3HaYHUKH. Ha3Bu TakcoHIB mpHuBeneHi
BimNoBigHO 10 3BemeHHs «Vodorosti gruntiv  Ukrayiny» (2001). Cynbdaru
JOCHI/DKYBAINCST  TPAaBIMETPUYHUM  METOJIOM, XJIOPHIM — TUTPOMETPHYHHUM 32
BinnoBigHuMu MetogukaMm (Arinushkina, 1970). Bwmict aHiOHIB y BOJHIA BHTSKIL
MIPE/ICTaBIICHO y BUIIISA/I BIICOTKIB 1 MislirpaM-ekBiBaseHTiB Ha 100 T IpyHTY (MI-€KB).

OOpoOKa OTpUMaHOro MaTepiany 3iHCHIOBaIaCh METOJaMH MaTEMaTHYHOI CTaTUCTHKH
3 BUKOPHCTaHHAM KopessiniitHoro ananizy (Microsoft Excel, 2010; Statistika 6.0).

PE3YJIbTATU TA IX OBTOBOPEHHSA

JMHaMiYHICTh TaKMX ITOKAa3HUKIB SIK 3aCOJIEHHs IPYHTIB B YMOBaxX CTEHNOBOTO
MOCYIIUIMBOTO KIIMaTy B ypOOEKOCHCTEMaX MPOCTEKYETHCS Ha MPHUKIIAIL aHIOHIB XJIOPUIIB
i cynpdariB. Pe3ympTaTi aHami3iB KUTBKICHHX TOKa3HUKIB X BMICTY BUSBIIIOTH BHCOKY
BapiaTuBHICTh (Tabm. 1). MakcuManbHI KOHIIGHTpaIii XJIOpUA-ioHy (iKcyBamucs y
2008 poui (53,75 wmr-ekB), cynbdar-iony — y 2011 poui (4,55 wmr-ekB). MiHiMaibHI
KOHIICHTpaLii xyopua-iony (3,4 mr-exs) i cynegat-iony (0,33 mr-ex) — y 2009 pomi. Taki
KOHIICHTpAIil XJIOPHUI- 1 Cynb(}aT-i0HIB COCTEPITAIOTHCS Y IPYHTAX, JI€ CTYIIHD 3aCOJICHHS
OIIHIOETRCS Bix Masiol 10 cuibHOI (Kovda, 1973).

3a mepioz i3 2008 mo 2011 pp. cepemHbOpiuHA KINBKICTh OMAIIB Y CTEMOBIi 30HI
cknana 509,25 mm. Cyma omaniB y M. Mapiynoni 3a meii nepion cranoBmwia 544,1 MM Ta
ICTOTHO BiJpi3HsUIacs BiA cepeaHix OararopiuHux nokaszHUKiB (424 mm). KomuBanus 11 y
po3pisi pokiB Bix 424,4 mm (2011 p.) mo 692,2 mm (2009 p.) chopmyBanu crerudivni
YMOBH BIUTUBY aTMOC(EpPHHUX OMAaJiB Ha PYXJIUBICTh IOCHTI[KYBaHHX 1OHIB y IPYHTaX 5K
(DOHOBUX MINITHOK TaK i B 30HI aepPOTEXHOTCHHOTO BIUIMBY. 3MiHU BMICTY XJOPHI-i0HIB
(r =-0,79) i cynpdar-ioniB (r = 0,62) y rpyHTax 3aJeXHi BiJl CEpeIHBOPIYHUX KOJINBAHBb
KiJIBKOCTI OTIa/liB.

Tabauysa 1

Pe3yabTaTn aHali3y KilbKiCHMX NOKA3HUKIB BMicTy XJ10puaiB i cyibdartiB y rpyHTax paiiony
npociixkens (2008-2011pp.)

Bwicr ioniB, mr-exs/100 r
TIpobHi CHiBBiTHOLIICHHS

o pecha 3uMa iomis CI/SO,2
cr S0,* cr SO,*

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
O 4250 755 7,85 230 430 150 1040 530 120 050 185 18 53
P3AM 3660 940 825 137 170 200 1230 530 100 078 529 51 4,14
C3AM 3875 7,83 733 090 155 185 1590 500 070 035 342 68 40
C3AM, 4980 7,60 726 065 180 1,78 1340 575 090 033 408 63 41
C3AC 4815 690 7,75 095 2,15 267 1200 580 150 049 511 33 56
C3KI 4625 690 838 0,60 290 455 1190 580 120 054 797 24 27
CUT 4565 750 863 125 275 130 1260 550 120 1,18 483 30 68
AMB 5375 655 850 145 075 175 962 580 170 040 37, 105 52

[HTeHCHBHOMY KaIllIIpHOMY INEPECYBAHHIO JISTKOPO3UMHHMX COJICH TOTOpH 3 OJIM3BKUX
CLTPHOMIHEpATi30BaHMX MIAIPYHTOBUX BOA 1 aKyMYyJIAIii X y BEpXHIX TOPH30HTaX CIPUSIIOTH
Bucoki Temmeparypu (Novikova, 2007). 3miHa BMicTy Xiopuza- 1 cylibdar-ioHiB
MpOCTeXyBaacs y pi3HI YacoBl BifIPI3KM: BiJ CE30HHMX JO pIYHMX, LIO IOB’S3aHO 3
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TEMITEPaTypPHUM PEKAMOM Ta KUIbKICTIO omaaiB. CepenHii BMICT XJIOPHI-i0HIB B3UMKY HIDKYE
BecHsHUX Y 15,8 pasiB, cysbdar-ioniB —y 2,7 pasu, BunsTkoM € BecHa 2008 poky (puc. 1).

CL-
;1 _ 60
= g 20 1
@2 g 38 E E E §2008(2)
o 52 H
< £ 10 |2008(1)
0 @2009(2)
Do BEm
EEZZZ2Z533 @2009(1)
o3 o N0 4 2
B U

Puc. 1. Iloce3oHHuii aHAJIi3 BMicTy XJ10pUA- i cyab(aT-ioHIB y IpyHTaxX paiioHy A0C/IiIXKeHb:
1 — 3UMOBI IIOKAa3HUKH; 2 — BECHSIHI TOKa3HUKN

CepennpopiuHa TemmepaTypa moBitps y mepiox 2008-2010 pp. mnepesummia
cepeanio 6aratopiuny Ha 0,66 °C. Y 2008 porii BUCOKOMY BMICTY 10HIB JISTKOPO3UYHHHHUX
cojJel y TIpyHTax MepeAyBalli HPUPOTHO-KIIMATHYHI yMOBHM pailoHy JOCIHIIKEHb Y
2007 pomi, a caMe — HH3bKa CyMa OMNaJiB MOPIBHSHO i3 CEpPEeIHBbOIO OaraTopivHOI0
KijbkicTio (373,3 MM) Ta BUCOKa cepefHbOpiYHa Temneparypa nositps (Ha 1,3 °C Oinbpmra
OaraTopiuHMX JaHUX).

[MapanensHO 31 3MiHOIO 3araNbHOI KUTBKOCTI 10HIB XJIOpHAIB 1 Cynb(haTiB 3MIHIOETHCS
iX CIIBBITHOIICHHS, MPOTE CHUIBHUM € JIOMIHYBaHHA XJIOPHI-iOHA HA BCIX NPOOHHX
miomax Bix 1,8 no 79,7 pasis (tabm. 1).

I'muOvHa MPOHWKHEHHS JOCTIKYBAaHUX 10HIB pi3HA, MOB’s3aHAa 3 BOJHUM PEKUMOM
IPYHTY 1 BIUIMBOM KJIIMaTHYHUX (aKkTopiB. Pe3ympTaté MOCHIMIKEHb BMICTY 10HIB
cynbdariB Ta XJIOPHIIB 32 IPYHTOBUM IpodisieM MpeacTaBiIeHi Ha puc. 2.

50{2- CL- —
= P B00...10cM
3 3 B20...30cM
3 = =250...60cM
3 g @80...90cm
= b=
1] 1]

npoOHi ILTOIMi poOHi IO

Puc. 2. lIpodinbHuii po3noaia xJiopua- i cyabpaT-ioHiB y IpyHTax paiiony
gocaimxedb (3a nanumu 2011 p.)

[Tix wac ananizy po3noziry 3a npogisieM crnocrepiraeMo piBHOMIpHE pO3TallyBaHHS
cynbdaT-ioHIB y OLTBIIOCTI BapiaHTIB 32 BUHATKOM BEPXHBOTO IIapy rpyHTy (1o 10 cm) xe
aKyMyJroroTecsi 1i ioHm y Bapiantax «C3KI» (mo 46,8 %) i «C3AC» (mo 54,2 %).
Y BepxHROMY IHapi TPYHTIB MICBKHUX HOUITHOK BMICT XJIOPHA-iOHIB CKJIaJa€ MCEHIITY
KUTBKICTB 1 3011bIIy€eThCs Ha rmbwHI 50-60 cm Ha 0,3-0,7 %.
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Bwmict cynpdariB y BoIHIN BUTSIKII IPYHTIB 30HANBHUX 1 ypOAHOTEHHUX TEPUTOPIN
Bapiroe Bix 0,33 mo 4,3 mr-exs, xmopuniB Bix 3,4 mo 53,75 mr-eks. Cmif BigMITHTH, IO
TIIBKH HAa MICPKHX TEPHUTOPIAX 3yCTpidalucsi MaKCHMalbHI ITOKa3HUKH 1 XJIOPHIIB
[y 2008 poui BapianT: «AMB» Biamosinamu 53,75 (mr-exB); «C3AM» — 15,9 (Mr-exB);
y 2009 poui:«P3AM» — 9.4 (mr-ekB); «C3AC», «C3KI», «AMB» — 5,8 (Mr-exs);
y 2011poui: «CIT» — 8,63 (mr-exB)] 1 cynbdariB [y 2008 poui: «KAMB» — 1,7 (Mr-exB);
y 2009 pomi:«C3KI» —2,9 (mr-exB); «CLT» — 1,18 (mr-ek); y 2011pomi: «C3KI» —
4,55 (mr-exB)] (Tabm. 1).

MOXJIMBO TaKe CTaHOBHINE IOB’S3aHO 31 CKJIaJOM BHUKHJIB HPOMHIIINPUEMCTB. 3a
nmaauMu Jlep>kkoMcTaT YKpainu, ['0J0BHOTO yIpaBimiHHS CTaTUCTHKH Y JloHEeNbKii 00macTi
obcsru BukuaiB 2008 p. Bif cramioHapHUX JpKepen 3a0pymaHeHHs y M. Mapiymomi cKiIamu
359,3 trc. T. OCHOBHOIO TPHUYMHOIO BHKHIIB 3a0pyAHIOBAYiB aTMOC(EPHOTO MOBITPS B
JIOBKUIIA € 3acTtapine mumorazoouricHe ycrarkyBaHHI BAT «MMK im. Inmiga». Yactka
roro obcsris ckiaagae 220,4 tuc. 1., BAT MMK «A3zoscrane» — 136,1 tuc. T.

OOcsrn BUKHIIB XJIOpPY Ta WOrO CHOJNYK BiJI CTAaliOHApHHUX JKepen y atMmocdepy
CTaHOBJATH MeHIne 1 %, Ha JiOKCH[ Ta iHIII CHOMyKH cipki npumnaznae 28 %. CepeaHbopiuHe
3HAYCHHS CEPeIHBOI000BOT KOHICHTpaIlii Aiokcuay cipku y 2009 poiri He MepeBUIIyBaIO
IPaHUYHOJONYCTUMY KOHIEHTpalio. Y mnopiBHsHHI 3 2008 pokom crnocrepiraerbcs
TEHJICHIIiSl TOCTYIIOBOTO 30UIbIICHHS cepenHpo1000B0i koHneHTparii (Ukrayna u tsifrakh ...,
2012), 1o Mo>Xe MOSICHIOBAaTH aKyMYJISLIIO B TIOBEPXHEBOMY ILIapi IPYHTY cyJb(ar-ioHy Ha
JIaHUH MOMEHT 4acy.

He MoxHa BUKITIOUATH 1 IIPOLIEC IMITYIIEBEPH3ALlii IPYHTIB COJISIMHU, SKi IIPHHOCSTHCS 3
TIOBITPSIM 13 MOPCBKOTO Y30epexoKs. AHaNI3 ONU3BKOCTI PO3TAITyBaHHS MPOOHUX IUTSTHOK
0 MOpS 1 KOHIEHTpamii XJIOPUA-IOHIB y TPYHTax, IMOKa3aB, IO ONMKYE 0 Y30epeskKs
MOpS BUAUTETHCS Tpyna MpoOHUX IO i3 OUTBIIOI0 KOHIIEHTparieo xmopuaiB — «C3ACy,
«CHT» 1 «C3KI».

Hdnst  MicbKMX  IPYHTIB  palOHy  JIOCHI/DKEHb  XapakTepHO, KpiM  SIBHUII
KOHTUHEHTAJIBHOTO  COJICHAKONHMYEHHS, TaKoXX W akyMmymsimiss ix 3a  paxyHOK
iMIyJbBepizalii Ta acpOTEeXHOTEHHOTO BIUIMBY. Bce Iie CTBOpIo€ OCOOJHMBI YMOBH JUIst
ICHyBaHHSI IpyHTOBOi 0ioTH 1 BojopocTell y Tomy umcii. 3 86 BHIIB, IO 3HAHIEHO B
ypOaHi30BaHUX ekocucTeMax M. Mapiymous (Ta0u. 2) nepeBaskaroTh IPEeICTaBHUKH BiIILTY
Chlorophyta — 43 %, na npyromy Micui 3a unciioMm BuaiB Biamin Cyanophyta — 25 %.
Bomopocri Bigmimie Xanthophyta i Bacillariophyta cranoBmate 16 i 13 % BigmosigHO.
Piznomanirts Bignury Eustigmatophyta He3naune — 3 %.

Tabauys 2
TakcoHOMiYHA CTPYKTYpPa BOAOPOCTel IPYHTIB J0C/Ii/IZKyBaHOT0 perioHy Ha piBHi Binainis

IMpo6Hi BinHocHa KidbKiCTh BUIIB, %

o Cyanophyta | Chlorophyta | Xanthophyta | Bacillariophyta | Eustigmatophyta

C 36,5 32,7 17,3 11,5 2

OJI 11,8 54,9 21,6 7,8 3.9
P3AM 20,4 429 18,3 14,3 4,1
CUT 37,5 31,3 15,6 15,6 He BUABNEHO
C3KI 12,9 61,3 6,5 19,3 He BUSBICHO
C3AC 33,3 36,7 16,7 10 33
AMB 22,6 45,2 12,9 16,1 3,2

30inbiienns yactku Cyanophyta y BapianTi GpoHoBuX HinstHOK «DCy» XapakTepHO JUist
I'PyHTOBOI anbroopu crenoBux OioreoneHo3iB. Ha 1ie Bka3ye CriBBiHOIIEHHS KiTbKOCTI
Cyanophyta no Chlorophyta — 1,11 Ta Cyanophyta no Xanthophyta — 2,11. V Bapianri
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«DJI» MOCHIFOETBCS POJIb JKOBTO3ENICHUX Ta 3€JICHUX BOJIOPOCTEH, 3HAYCHHS ITOKAa3HHKa
Cyanophyta/Chlorophyta — 0,22 i Cyanophyta/Xanthophyta — 0,55, 1110 MeHIIe OJUHULII 1 €
XapaKTEepHOI pucoro ansroduop Jsicoux OioreoueHosis (Kuzyakhmetov, 2006; Maltseva,
2009). Cuiseignomienns Cyanophyta go Chlorophyta MeHIle OMHUII BiIMIYEHO TAKOXK Y
Bapiantax «C3KI» (0,21); «P3AM» (0,48); «cAMB» (0,5); «C3AM» (0,91). Xanthophyta 3a
JaHUMH pizHuX pociimxkeHb (Shtina, Nekrasova 1985; Shtina, 1990) 6inbm uyTiuBi 110
pI3HHX AaHTPONIOTEHHHX HaBaHTaXEHb, TOMY B ypOOEKOCHCTEMax CIIOCTEpiraeMo
3MEHILCHHSI PI3HOMAHITTS IIMX IPEJCTaBHUKIB. Pa3oM 3 THM, BinMmidaeThcst 301IbLIEHHS
YaCTKH J1IaTOMOBHX BOJOPOCTEH y IPyHTaX ypOOEKOCHUCTEM, BUKIIIOYEHHSIM € JIMIIE TpoOHa
wroma C3AC (tabm. 2).

VY pesynbraTi mocmimkers 3 2008 mo 2011 pp. 3a maHUME perpeciiHoro aHamizy Oyin
po3paxoBaHi KoeimieHTH KOpemsmii mis 0ioMach BOJOPOCTEH Ta KUTBKOCTI XJIOPHIIB i
cynbdartiB TOCHIIHKYBaHUX TIPYyHTIB. BcTaHOBIEHO 3MeHIIEHHS 0ioMacH BOJOPOCTEH Mif
yac 30UTbIIeHHsT KOHIEHTpalii JaHux ioHiB. biomaca BomopocTeil Kopenroe B 3BOPOTHIN
3aJIeKHOCTI 3 KITBKICTIO XstopuaiB (r = - 0,90) i cynedatis (r = - 0,54) y rpyHTax.

BUCHOBKU

1. Y BepxHbOMYy TyMyCOBOMY WIapi JOCTI[DKEHHX IPYHTIB CIIOCTEPIra€Tbecs
nepeBaXKaHHs BMICTY XJIOPH/I-i0OHA TIOPIBHSHO i3 CyJb(aT-ioOHOM.

2. KinbkicHI 3MiHM BMICTY XJIOpHI-1OHIB 1 Cynb(ar-ioHIB IOCHI/KEHUX IPYHTIB
CXWIIBHI JI0 3HAYHUX CE30HHHX 1 CEPEAHBOPIUYHMX KOJMBaHb. [1i]1 yac 3HMKEHHS KIIBKOCTI
OmaiiB 30UIBIIY€EThCS KOHLEHTPALSl XJIOPHI-I0HIB Y BEpXHBOMY IPYHTOBOMY TOPH3OHTI
(r=-0,82).

3. Jlna MichKHX TPYHTIB paliOHY JOCIIIKEHb XapaKTepPHO, KPiM KOHTHHEHTAIHLHOTO
COJICHAaKONIMYCHHS, aKyMyJUILis iX 3a paxyHOK IMIyJIbBepH3allii Ta aepOTEeXHOI'€HHOTO
BIUIHBY.

4. 3a mpodinemM MiCbKHX IPYHTIB IPOMHCIIOBOI 30HH CIIOCTEPIraeThCs 3MiHA BMICTY
XJIOPU/I-10HIB 13 MAKCHMaJIbHUM 3HAUSHHSIM Yy 3pa3Kax i3 [NIHOLIMX 1IapiB, a CyJb(dar-ioHiB —
y BEpXHbOMY I'yMyCOBOMY TOPHU3OHTI.

5. ConpboBUH CcKIaa IPYHTY € OJHHAM 13 YHHHHKIB, IO OOMEXYE PO3BHTOK
BOJIOPOCTEH MpeAcTaBHUKIB Bimniny Xanthophyta. J[oMiHYIOYMMH BiJijaMHd MiCBKHX
rpyHTiB € Chlorophyta i Cyanophyta — Bonu ckiagaiots 69 % BCbOro pi3HOMAHITTS BUIB
BOJOPOCTEH.

6. biomaca BomopocTell KOpeiroe B 3BOPOTHIM 3alIeKHOCTI i3 KIBKICTIO XJIOPHIIB
(r=-0,90) i cynbdaris (r = - 0,54) y rpyHTIi.
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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,O,
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 um 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 (II) 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 (II) 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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OBPA30OBAHUE NMUIrMEHTOB ®OTOJIMTOTPO®HLIMU CEPOBAKTEPUAMU
LAMPROCYSTIS SP. Ya-2003 nNoa BIIMAHUEM COJEN
TAXENbIX METAIIOB

AnHoTtauusi. DoromututpodHBIe CcepobakTepuu, KOTOpPBIE WIPAalOT BaXHYK pOilb B
KPYTOBOPOTE COEAWHEHUH Cyabpypa B MPHUPOAE, B OCBEIICHHHIX TIyOMHHBIX CIIOSX BOZOEMOB
OCYIIECTBIIIIOT AHOKCHTE€HHBI (POTOCHHTE3, HCHONB3ys BBICOKOTOKCHYHBIH H,S kak monop
AJIEKTPOHOB. VccnemoBanue B3aWMOJICUCTBHS MyPIyPHBIX CEPOOAKTEPHI C TSHKEIBIMH METaIaMU
BOXHO JUIA BBUICHEHUS HX pOJM B IIpolleccax BO30OHOBICHUS OHMOLICHO30B M BO3MOXHOTO
WCTIOJIb30BaHMs JUTsl OHMOpeMeInaniy 3arpsi3HEHHBIX THAPOTeH CYJIb(QUIOM H THKEIBIMH MeTallaMU
BOJIOEMOB.

YcTaHOBIEHO, YTO (POTOCHHTE3MpPYIOIIKE MypIypHBIE cepHble OakTepuu Lamprocystis sp.
Ya-2003 comepkaT KapOTHHOWABI CIUPHIUIOKCAHTHHOBOTO Psa, B YaCTHOCTH, CIIUPWIIOKCAHTHH,
JUKONMH W POJIOUH, a Takxke Oakrepuoxiopodmwur a. [loxg Brmusanem 0,5-4 MM cosneil Hukens,
kobanbta, hepyma (II) n nuHKa HAOMIOAACTCS HE3HAYNTENEHOE CMEIEHUE a0COPOLIMOHHBIX CIIEKTPOB
MOTJIOUICHHUS HKCTPAarupoBaHHbIX TUrMeHTOB. [Tox Brunsinuem 1-4 MM Ni2+, 2-3 MM Fe?' u 3-4 MM
Zn*" ma KpPUBBIX CIIEKTPOB IOIVIOIIEHHS HOSABJIAIOTCS NMUKU B yudacke 500 mm, 1-2 MM Ni** u
0,5-3 MM Fe*" — B yuacke 600 HM. BbIsSBIEHO HEraTHBHOC BIIUSHUE WOHOB HHUKEINS, KOOabTa,
depyma (II) m muHKa Tpu KOHIEHTparmax 2,54 MM Ha o0pa3oBaHHWE NUTMEHTOB KIICTKAMHU
Lamprocystis sp. Ya-2003.

Kniouesvie cnosa: pomonumompogueie cepobaxmepuu, nueMeHmyl, Msdiceible Memauibl.
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YTBOPEHHA NIFTMEHTIB ®OTONITOTPO®PHUMUN CIPKOBAKTEPISIMU
LAMPROCYSTIS SP. Ya-2003 3A BINJIUBY COJIEU BAXXKMX METAINIB

Anoranisi. DortomitorpodHi cipkobakTepii, AKi BiHIrpaloTh BAXIHBY pOJIb Y KpPyrooodiry
CIOJNYK Cynb(ypy y HpHPOAi, B OCBITIICHHX TIMOMHHUX IIapax BOXONM 3MiHCHIOIOTH aHOKCHT'€HHHUI
(oTocuHTE3, BUKOPUCTOBYIOUM BHCOKOTOKCHYHMH H,S sk noHop emexTponiB. JlociimKeHHS
B3a€MOJi{ MyprypoBHX CipKOOaKkTepiii 3 BaXKMMM MeETajlaMU BaXKJIMBE JUIS 3’sCyBaHHS IX POl y
npolecax BiTHOBJIEHHs 0I10LIEHO3IB i MOXXJIMBOIO BHKOPHCTAaHHS Uil OiopeMenianii 3a0pyIHEHHX
rigporeH cyiab(}iZoM i BAKKAMU METalaMH BOJOUM.
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Bcranosneno, 1o GorocuHTe3yBabHI MyprypoBi cipkosi 6akrepii Lamprocystis sp. Ya-2003
MICTATh KapOTHHOIAN CHIPHIOKCAHTHHOBOTO PSIAy, 30KpeMa, CIIPHIOKCAaHTHH, JIIKOMIH 1 pofomiH, a
Takok OakTepioxsopodin a. 3a BuuBy 0,5-4 MM couneii Hikemto, kobansty, dpepymy (II) Ta tuHKY
CIIOCTEPIraeThCsl HE3HAUYHHH 3CyB a0COPOIIMHUX CHEKTPIB MOTIIMHAHHS €KCTParoBaHUX MIrMEHTIB. 3a
BrumBy 1-4 MM Ni**, 2-3 MM Fe?* ta 3-4 MM Zn>" Ha KpHBHX CIIEKTpiB MOTTHHAHHS 3’ SBIAIOTHCS
miku y g 500 BM, 1-2 MM Ni*' ta 0,5-3 MM Fe?t — y ninsHi 600 HM. BHsiBICHO HEeraTUBHHN
BIUIUB HOHIB Hikemro, kobanbTy, GepyMmy (II) Ta mmHKy 3a KoHUmeHTpamii 2,5-4 MM Ha yTBOpEeHHS
MIrMEHTIB KIiTHHaMu Lamprocystis sp. Ya-2003.

Knruoei cnosa: pomonimompoghui cipkobaxmepii, nizcmenmu, 8axcKi Meman.

BCTYN

3a0pymHeHHs Oiocepy BaXKKUMH METajlaMd HETaTHBHO BIDIMBAE HA JKUBI KOMIIOHCHTH
GiorieHo3iB. Haxo/mkeHHst 1X y HaBKOJIMIIIHE CEPEIOBHIIE BiIOYBAEThCS YHACIIIOK TPUPOTHHX
MIPOIECIB TA4 AHTPONOTCHHMX BHKWAIB. 3a BIUIMBY IIOJIOTAHTIB 3MIHIOIOTHECS HE JIMINE
(hi3i0MOTIYHI BIACTHBOCTI MPEACTABHUKIB, aJie i CKJIa]] MIKpOOHHX YTPyTIOBaHb.

doTomiToTpodHi CipkodaKTepii, AKi BiAITPAIOTh BaXIIUBY POJIb Y KPYTrOOOIry CIIOIyK
cynmbdypy B TpPHPOIi, B OCBITVICHMX TINMHOWHHUX I[Iapax BOJOWM 3AiHCHIOIOTH
AQHOKCHUTCHHUI (OTOCHMHTE3, BHUKOPHUCTOBYIOUM BHCOKOTOKcHMuHHII H,S sk moHOp
eJEeKTPOHIB. 3maTHICTh OakTepil 10 (HOTOCHHTE3y OOYMOBIIEHA HAsBHICTIO Yy HHUX IITMEHT-
NPOTETHOBMX KOMILIEKCIB, IHTEIPOBaHUX y IUTOIUIA3MAaTHYHY 1 BHYTPILIIHBOIIa3MaTHYHI
memOpanu (Kondratieva, 1989). OCHOBHHMH MIrMEHTaMH IyPIyPOBHX CIpKOOAKTepiil €
0akTepioxJIOpopiM 1 KapOTHHOINM — TPOAYKTH KOHJAEHCAlil 3alWIIKIB 130MpeHy
(Kondratieva, 1988; Overmann, 1999). IlypnypoBi cipkoOakTepii MiCTSITh B OCHOBHOMY
GakTepioxJIopodis a, y AKX 3 HUX HasgBHUH OakTepioxiopodin b. V xmiTHHax OaxTepii
HalOUIbIIe KAPOTHHOINIB CHIPMJIOKCAHTUHOBOTO psily, 30KpEeMa, CIIIPHIOKCAHTHHY,
JiKomiHy Ta pomomniHy. JIiKomiH, poJoIiH, CIiPHIOKCAHTHH, CEpOinnH, OKEHOH HAJal0Th
KIITAHAM dYepBOHOTO 1 TeMHO-uepBoHoro 3abapeieHHs (Kondratieva et al.,, 1989).
KapotuHoinn mypiypoBuX cipkoOakTepiii He JNHINE NOTIHHAIOTH CHEPrilo0 CBiTIAa Ta
nepenaroTs il depe3 OakrepioxJopodinM 0  peaKkmiMHUX ~IIEHTPIB 1  CHCTEM
TPAHCIIOPTYBAHHS €JEKTPOHIB, ane i BUKOHYIOTH (GoTonpoTekTopHy QyHKIi0 (Kovacs et
al., 2003). Bimomo, 1m0 eHepreTHYHi, TPAHCIIOPTHI MPOLECH Ta KIITHHHUN TOHIT €
HaWOUIbIl 4vyTiauBAMH 1O Aii Baxkkux wetanmiB (Ji and Silver, 1995). VYTBopeHHs
MypIypOBUMH CIpKOOAKTEPisIMU MIrMEHTIB Ta iX CHEKTpajbHI XapaKTEPUCTUKH 33 BILUIUBY
HOHIB MeTaliB BUBYEHI HeOCTaTHBO. JlOCIiPKEHHS B3aeMOIT IMypIypoBHX CipKoOaKkTepii
3 B@KKUMHM MeETajJaMH BaXKJIMBE sl 3°sICyBaHHS IX pOJIi y Tpolecax BiJHOBICHHS
0i101eHO31B 1 MOXJIMBOTO BHMKOpPHCTaHHS Uit Oilopemenianii 3a0pyJHEHHMX TiJpOTreH
CyIb(iIOM 1 BOXKUMH METaJIaMH BOJIOWM.

Metoro poboTu OyJ0 HOCHIONTH BIUIMB KATIOHIB NIESKUX TBOBAJICHTHUX METAliB
(mikemo, kobanpTy, hepyMy Ta NIHMHKY) Ha CHHTE3 IITMEHTIB KIITHHAMH ITyPITypOBHX
cipkobakTepiit poxy Lamprocystis, BUANEHUX i3 30aradeHoi TigporeH Cyiab(izoM BOIU
o3epa SIBopiBceKe.

MATEPIANU TA METOOU OOCNIMKEHDb

O6’extamu  fochmipkeHHs Oynm  QoTomiToTpodHi  mMypmypoBi — cipkoOakTepii
Lamprocystis sp. Ya-2003 (Kit and Gudz, 2007). llltam imenTudikoBanuii 3a ¢iszionoro-
6ioximiunmmu BiactuBocTsaME (Bergey’s Manual of Systematic Bacteriology, 1997).

bBakTepii KynpTHBYBaJIM 32 aHaepoOHMX YMOB IpU OCBITIICHHI y Koj0ax, 00’€MOM
500 M1, uu pobipkax, 00’emoM 25 uu 40 1, y cepenosuiii Ban Hins (pH ~ 7,5) Brpomosk
10 1i6 mpu 25-28 °C (LGC Prochem: Certified reference materials, 2007; Overman and
Garcia-Pichel, 2007; Rodina, 1965). Jlns cTBopeHHST aHACpOOHHUX YMOB MPOOIPKU MTOBHICTIO
3allOBHIOBAJIM  CEPEJOBHIIEM 1 3aKpuBaM T'yMOBUMHM Kopkamu. OCBITJIEHHS TIpH
BUPOIIYBaHHI KynbTyp OyJ0 HijomoO0BHM, 3a0e3ledyBajoch JaMIIaMH pO3KapIOBaHH,
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notyxHicTio 60 Bt. Bakrepii ocBitimroBamu mammamu (3 iHTeHCHBHICTIO 500-700 1K) Kpi3b
YEepPBOHUI 1HTEphEepeHIIHHNI CBITIO(IIBTD, SIKUH MPOIYCKae CBITJIO 3 JIOBXKHHOK XBHIIb
nonas 800 HM. [HTEHCHBHICTD OCBITJICHHSI BUMIPIOBAII 32 JOIOMOTOI0 JiFokcomerpa FO-116.

Jnsi BUBYEHHs BIUIMBY HOHIB BaKKMX METJiB Ha SIKICHUH Ta KUIBKICHMH CKIan
(hoTOCHHTE3yBaIbHUX MITMEHTIB KIITUHH Lamprocystis sp. Ya-2003 BupoiiyBaiu 10
CepelIMHM  eKCIOHEeHIliiHOT ¢dasu  pocty, ocamkyBanud (uentpupyra OC-6M)
neHtpudyryBanssm npu 4025 g Bnpogorx 30 xB Ta iHKyOyBanu BIpoxoBX | roauHu 3
comsimu MetaniB: NiCl,, CoCl,, FeCl, x 4 H,O, ZnCl, x 7 H,0, y xoruenTpanisx: 0; 0,5;
1; 1,5; 2; 2,5; 3; 4 MM. KuitTuHu 1Bivi BiIMUBaIH PO3YMHOM HATPill XJIOPHIY, OCAIKYBaIU
HEHTPUPYTYBaHHIM 1 BHCciBadu B mpoOipku (ryctmHa 3aciBy — 0,15 r/m) (Moroz et al.,
2010). KynpruByBanu Bupoxosx 10 mid y mpobipkax, ToBepXy 3alIOBHEHUX CEPEIOBHUILEM,
BH3HaYaIy OiomMacy TypOiAMMETPUIHHM METOOM, CIIEKTPH ITOTIMHAHHS 1 BMICT HITMEHTIB
y KIITHHaX MypIypoBHX cipkoOakTepiii — cmekrpodoromerpumunmmM (Britton, 1985;
Musiyenko et al., 2001; Paperno et al., 1977).

Biomacy BuzHavanm Ha poToenekrpokonopumerpi KOK-3 mpu m0BKUHI ONTHIHOTO
Xy [ = 3 mM. biomacy po3paxoByBaiiu 3a GpopmMyIior:

C=Eg xn+K,
ne: C — 6iomaca, r/i; E — ekcrunkuis npu A = 660 HM; n — GakTop po3BeneHHs, pa3is; K —
KoedillieHT nepepaxyHky, pisauii 0,17.

Jis omeprkaHHsI SKCTPAKTy IMICMEHTIB KIIITUHH TPHUYI BiIMUBAIM BiJl CEpEAOBHUINA
130TOHIYHMM PO3YMHOM HaTpiil xnopuny, neHtudyrysamm 30 xB. npu 4025 g. CynepHaraHt
3TMBAJIH, 2 OJIEpKaHy NMacToNnoAiOHy 6ioMacy TOHKHM IIApoM HAHOCHIIM HA MIOBEPXHIO CKJIa
i BucymyBamu 3a temmneparypu 40 °C. BucymeHi KIITHHH pyWHYBajld PO3THPAHHSIM 3
kBapuoBuM mickom (Britton, 1985; Musiyenko et al., 2001; Paperno et al., 1977).
ExcTpakiito TirMeHTiB MPOBOAWIM CYMIMIIIIO €TaHONy Ta aleToHy B 00’ eMHOMY
coiBBigHomenHi | : 1 1o moBHoro 3HeGapBieHHsA ocanxy. OpnepxaHi EKCTPaKTH
BUKOPHCTOBYBaIM JJIsi peectpauii crekTpiB mornmuHanHS (Musiyenko et al., 2001).
Po3nineHHs cymimi MIrMEHTIB Ha OKpeMi KOMIIOHEHTH IPOBOJIWIIM 32 JIOTIOMOTOI0
xpomarorpagii Ha cuiydonsHuX TuacTuHKax («Sorbfily, Pocis) y BHCXiIHOMY IMOTOI
CHUCTEMH DPO3YMHHMKIB OCH3WMH : aleToH : IeTpojeiHui edip : rekcaH B 00’eMHOMY
croiBBigromrenHi 10 : 10 : 3 : 10 (Britton, 1985; Musiyenko et al., 2001; Paperno et al.,
1977). CrannapTHuME 3pa3kaMu OyJIM acTaKCaHTHH i3 IMaHIMpPa KPEBETOK Ta S-KapoTHH 3
KiiTHH rpuda Blakeslea trispora. KapoTHHOIIN €ITIOIOBANH i3 CHIIIKAreNrO0 ameToHoM abo
neTpoiiciHnM  edipoM, OakTepioxyiopodin — eraHoNIOM. I[neHTHQIKAIil0 MTMEHTIB
MIPOBO/MIIN 3a 3a0apBIICHHSAM, BEJIMYNHAMHU Rf Ta OCHOBHHUMH MaKCHMyMaMH HOTJIMHAHHS
npu BiamoBimHiIA momxuHi xBum (Bergey’s Manual of Systematic Bacteriology, 1997,
Frigard, 1996; Oelze, 1985). Cunexktpm mOIIMWHAHHA EKCTPAaroBaHWX IIIrMEHTIB
¢doroTpodHUX cipkoOaKTepiii BU3HAYAIM y Aiana3oHi J0BXUH XBWiIb Bia 350 no 800 HM 3
BUKOPUCTaHHSM criekTpodoTomerpa CD-46.

KomnrieHTpaliii OCHOBHHX MIrMEHTIB OaKTepiil pO3paxoByBaJd 3a (GOPMYJIIO0:

C=D=+E x|,
ne C — KOHLeHTpawist mirMenry, r/im; D — ontmuna ryctmHa po3unHy; E — muromwmii
Koe]il[ieHT eKCTUHKIIi BiNOBiAHOrO MirMeHTy (E, —271,8 ipu A = 474 um, Egy, — 930,0
npu A =770 M), 1 X (r % em)'; [ — ToBIMHA HOrIHHA0H0ro mapy (0,3 cM), cM.

Bwmict mirMeHTiB 3 po3paxyHKy Ha | T Cyxoi Barm KIITHH OOYHCIIOBAaTH 32
(bopmyoro:

A=CxVxK-+H,

ne A — kimpkicTh mirMedty Ha 1 T cyxoi Baru kimituH (Mr/T); C — KOHIIGHTpaLis
HmirMeHTy, 1/1; V — 00’eM excTpakTy, Mir; H — HaBaxkka kiitiH, T; K — BinHOmEHHS 00’ eMy
enroaty 10 00’eMy po3uMHY, HaHECCHOro Ha xpomatorpamy (Musiyenko et al., 2001;
Paperno et al., 1977).

CratuctiyHy OOpOOKYy pe3yJbTarTiB MPOBOAWIIM 3arajbHONPHUUHATUMH METOIaMHU 3
BUKOpHCTaHHsIM mporpamu “Microsoft Excel 2003”. [Ins omiHKM JOCTOBIPHOCTI Pi3HHII
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MDK ~ CTATUCTUYHHMMH  XapaKTePHCTHKAaMU  aJbTEPHATHBHUX  CYKYIHOCTEH JaHHX
obpaxoByBasnu koedinienT CTbIOJIeHTa, JIOCTOBIPHOIO BBaXKajacs pI3HMI NpPU PIiBHI
3HauumocTi p<0,05 (Lakyn, 1990).

PE3YNbTATU TA IX OBrOBOPEHHHA

ITirmeHTHUH CKJIaJ TypIypoBUX CIpKOBHX Oaktepii pomy Lamprocystis He €
onHoOpimHUM. Bin ckiamy Ta CHIBBIAHOIICHHS MITMEHTIB 3aJIC)KUTh 3a0apBIICHHS OakTepiil.
Bono Moxe OyTH HE TUTBKH ITypITypOBHM, aJie My pIypOBO-(PioJIeTOBIM, KOBTUM abo Oypo-
kopuuHeBUM. OCKIUIbKM Ha OIOCHHTE3 WIrMEHTIB MOXYTh BIUIMBaTH pi3HI UYHMHHUKH,
30KpeMa, KHCEeHb, CBITJIO PI3HOTO CHEKTPY JOBXKHH XBHIb i IHTEHCUBHOCTI, KOMIOHEHTH
cepenosuiia (Kondratieva, 1989), mMu gocmianim, sik 3MIHIOETbCS SIKICHUI CKJIaJ Ta BMICT
mirMeHTiB y Lamprocystis sp. Ya-2003 3a BIUIMBY HOHIB JIEIKUX ABOBAJICHTHUX METAIB.

XpomatorpadiyHe po3AiIeHHs KOMIIOHEHTIB €KCTPaKTIB KINTHH Lamprocystis sp.
Ya-2003, Bupomenux y cepenoBuini Ban Hins o Oiomacu 4,1-5,2 r/m, pano 3mory
BUSBUTH TITMEHTH, pi3HI 3a 3a0apBieHHSAM Ta BeNMWUIMHOW Rf (mabauys). Ha
XpoMarorpaMax IepeBaXkalii sSCKPaBO-3€JICHI, POKEBO-IYPIYPOBi, SCKPaBO-)KOBTI Ta
NypnypoBi IinsgHku. IIOpiBHAHHSA HaHMX JITEpaTypH 3 pe3yjbTaTaMd aHalli3y CHEKTpiB
MOTJIMHAHHA Ta XPOMAaTorpadigHOrO pO3MOILUTYy MO3BOJMIIM iMeHTH(IKYBAaTH IIrMEHTH
(Britton, 1985; Gudz et al., 2011; Kondratieva et al., 1989), masBHI y KIiTHHaX
Lamprocystis sp. Ya-2003. YV po3uuHi €KCTparoBaHMWX MIrMEHTIB OCHOBHI MakKCHMYMH
nornuHaHHA croctepiramm mpu 400, 450, 550, 650, 750 mm. [ocmimxyBaHi Oakrepil
MICTSTh KapOTHHOIJM CIIPHJIOKCAaHTHHOBOTO sy, 30KpeMa, CIIpWIOKCAaHTHH, JIKOMIH i
POJIONIIH, a TAKOXK OaKTepioXI0podis a.

®dizuko-ximiuni BaacTuBocti nirmenTiB Lamprocystis sp. Ya-2003

Ilirment Bakrepioxiopodin a CripHiIoKCaHTHH Jlixomin Pononin
3abapBieHHs
SckpaBo-
Ha XpoMma- SckpaBo-3eneHe Posxese Koste
. Iy pIypoBe
Torpami
Marcinysi 650, 750 550 400 450
HOIIMHAHHS, HM
Makcumymu
TOTIMHAHHS 770 (Kondratieva 445,5,.4863 518, 414, 4_36’ 455,482,516
MIrMEHTIB tal., 1989) 550 (Britton, 1985; | 463 (Britton, (Britton, 1985)
Y OpraHiuYHUX ctal, Gudz et al., 2011) 1985) o
PO3YMHHHKAX, HM
3Ha4yeHHs Rf 0,17+0,02 0,44+0,01 0,52+0,02 0,85+0,01

[IpoBeneHo aHamiz CHIEKTPiB MOIVIMHAHHS EKCTPAaroBaHMX MIrMEHTIB  KIITHH
Lamprocystis sp. Ya-2003 i Bu3HaueHo ix BMicT 3a BmmBy 0,5—4 MM comneil Hikemo,
kobanbTy, hepymy (II) Ta nuHKY.

CyTTeBUX 3MiH SKICHOTO CKJaxy HIrMEHTIB KITHH Lamprocystis sp. Ya-2003 3a
BuBy 0,54 MM Ni**, Co**, Fe*", Zn*" ue BusiBieHO (puc. 1). 3a BIUIMBY WOHIB METaJliB
CHOCTepiraBcs JHIIe He3HAYHUN 3CYB a0COPOMIHHUX CIIEKTPIB IMOTIMHAHHS €KCTParOBaHUX
nirmentis. 3a BrumBy 1-4 MM Ni*', 2-3 MM Fe’" ta 3—4 MM Zn®" Ha KpuBHX CIeKTpiB
TNOrIMHAHHS MIrMEHTIB CHOCTEpirany mosBy mikiB y minsami 500 um, 1-2 MM Ni*' Ta
0,5-3 MM Fe?' — nosiBy mikiB y ainstHii 600 HM, 10 BIANOBIJAOTH KAPOTHHOINAM, SIKi
MOTJIMHAIOTH CBITJIO Y BHAMMIHM Ta iH(pavyepBOHIN IINSHKAaX CIeKTpa (3 MakCUMyMaMmu
normHanas 400—550 uM) (Britton, 1985; Gudz et al., 2011). MoXIHBO, BaXKKi METaJH
BUKJIMKAIOTh HE3HAa4YHI 3MiHM KOH(OpMallii MOJIeKyJd MIrMEHTIB 3 MNOJAJbIIOK IX
MonuGikaIli€ero, o BiToOpakaeTbes y 3MiHi IX CIIEKTPAbHIX XapaKTCPUCTHUK.

ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 1-2 111



ExcTuHKILis

350 400 450 500 550 600 650 700 750 800

JloBKHHA XBHUJTi, HM

ExcTUHKIS

JIoBKMHA XBUJII, HM

ExcTuHKIIis

ExcTuHKIS

JIoBKMHA XBUITi, HM

Puc. 1. CnexTpu norjiuHaHHs nirMmeHTiB Lamprocystis sp. Ya-2003
3a BILIMBY pi3HuX KoHuenTpauiii Ni** (A), Co** (B), Fe** (B), Zn** (I')
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I3 3pocTaHHAM KOHIIEHTpALiil HOHIB HiKelo, K00anbTy, ¢pepymy (II) Ta muuKy mix gac
IHKYOYBaHHSI CIIOCTEpIrajiy 3HWKEHHs BMICTY Oaktepioxsiopodiny a, JIKOMiHY, POJOIMIHY
Ta CHIPWIOKCAaHTHHY Y KIiTHHaX Oakrepidi (puc. 2). 3a BumBy 4 MM HOHIB HIiKelto

0,8 1 A
0,7 1
0,6
0,5
0,4
0,3 1
0,2 1

Bwict mirMenHTis,
MI/T CyXOi Baru KIiTui

0,6 B

0,4

0,3

0,2

Bwmict mirmeHTis,
MI/T CyXoi MacH KIITHE

0,1 4

0,5

BwicT mirMeHTis,
MI/I' CyX0i MacH KIITHE

0,1 4

BwmicT nirmenTis,
MI/I' CyXOi MacH KIITHE

NiCl,, MM

CoCl,, MM

FeCl, x4 H,0, MM

ZnCl, x 7H,0, MM

Puc. 2. Bumue Ni?* (A), Co?* (B), Fe** (B), Zn*" (') na Bmict
(oTocunTe3yBaTLHUX NMirMeHTiB 6aKTepiii Lamprocystis sp. Ya-2003

O Baxrepioxiopodit a
O Pononin

@ Jlixomin

@ CripuIoKCaHTHH

O Bakrepioxiopodin a
O Pojonin
0@ Jlikomix
@ CripHIoKCaHTHH

2,5 3 4

O Bakrepioxiopodit a
O Poyonin
@ Jlikomin
B CripuioKCaHTHH

2,5 3 4

O bakrepioxiopodin a
O Ponomin

@ Jlikomin
B CripuiiokcaHTHH
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KIIITHHYU yTBOPIOBAJIM popomiHy Ha 58,7 % MeHIe, HK y KOHTPOJIBHOMY BapiaHTi, BMICT
CHIPHJIOKCAHTUHY 3HIDKYBaBcs Ha 54,8 %. 3a BmumBy 3 MM 1HOHIB MeTaly KIITHHU
cHHTe3yBanu OakTepioxyopodiny a Ha 62,3 % MeHIe, a 3a BIUIUBY 2,5 MM HOHIB HiKeJIO
KJIITHHH YTBOPIOBAJIHM JIiKOMiHYy Ha 55,4 % MeHule, HiX y koHTpomi. Menmy Ha 53,7 %
KIJIBKICTB, HIK Y KOHTPOJILHOMY BapiaHTi, pOJIOIiHY KJIITHHH YTBOPIOBAJIM 32 BILUTHBY 3 MM
HOHIB K0OanbTy, OakTepioxsiopodiny @, JIKOIIHY Ta CHIPHIOKCAHTUHY — 32 BILIMBY 4 MM
HOHIB MeTally, BMICT IIITMEHTIB 3HI)KYBaBCs BiAMOBIIHO Ha 68,9; 73,4 Ta 75,8; %. CytTeBe
3HI)KEHHS BMICTY pOJIOIIHY Ta CHIpHJIOKCaHTHHY (BigmoBimHo Ha 55,1 1 64,2 %)
criocrepiraiu 3a BIMBY 3 MM comi ¢pepymy (II), monan 4 MM — Gakrepioxmnopodiny a (Ha
45,3 %), 2,5 MM — mikominy (#a 55,9 %). 3a BriuBy 2,5 MM HOHIB IMHKY Mix 4ac
iHKyOyBaHHA B  KIITHHAX CHOBUIBHIOBABCS CHHTE3 JIKOMiHY, pOJONIHY Ta
CHIPWIOKCAHTHHY, BHACIIIOK YOTO CIIOCTEPIrai 3HIKCHHS BMICTY IITMEHTIB BiIIIOBiTHO
Ha 52,2; 52,7 1 56,2 % mOpiBHAHO 3 KOHTpOJEM, 3a BIUIMBY 4 MM i0HIB MeTaly BMICT
GaxTepioxyopodiny a y KimiThHaxX OakTepiii BHABHBCS HIDKYMM, HDK Yy KOHTPOJBHOMY
BapiaHTi, Ha 52,0 %. TakuMm YMHOM, BUSBJICHO HETATUBHUH BIUIMB HOHIB HIKEJIO, KOOAJBTY,
depymy (II) Ta 1uHKY 3a KOHIIEHTpaIiil 2,5-4 MM Ha CHHTE3 MIrMEHTIB (KapOTUHOIIIB —
CHIpWJIOKCAHTUHY, JIKOIIHY, poJOmiHy, Ta Oakrepioxnopodiny a) KIITHHAMH
(hoTocuHTE3yBaNBHUX ITyPIYPOBHUX CIpKOBHX OakTepii Lamprocystis sp. Ya-2003.

CriekTpaibHiI BJIACTHBOCTI MIrMCHTIB Yy KIITHHI BH3HAYAIOTHCS B3AEMOJIEI0 iX
MOJIEKYJ] MK c00010, a TakoX 3 JimjgaMu 1 Olnkamu ()OTOCHHTE3yBalbHUX MeMOpaH
xpomarodopi (Kondratieva, 1989). ImoBipHO, OakTepii pony Lamprocystis akyMyTIOIOTh
HOHM MeTaiB, HAarpOMaJDKYIOUH 1X K Y IIOBEPXHEBHUX CTPYKTYpaXx, TaK i BCepeHHI KIIITHH.
HasBHicTp MeTaniB y HOWTOIUIA3Mi € MPUYMHOIO I1X 3B’SA3yBaHHSA 3 (PYHKI[IOHATEHUMH
rpynamMu 0araTb0X BaXKIMBHX KIITHHHHX MeTaboIiTiB, Moandikamii akTHBHOI KOH(popMmartii
Ta JeHatypauil GpepMeHTiB 1 HykIIe[HOBUX KHCIIOT, iHriOyBanHs perutikanii JJHK, cuntesy
PHK, 6inka, mirMeHTiB, NpHUTHIYEHHS IUXaHHS, MOPYIICHHS TporeciB a3oTdikcarii,
¢dorocunte3y tomo (Nies, 1999; Tashirev, 1995). IlpuruiueHHs foHaMH IBOBAJICHTHUX
METaJiB yTBOPEHHS IIIMEHTIB ()OTOCHHTE3YBAJIBHUMH IyPIIyPOBUMH CipKOOAKTEpisiMU €
3HAYHOIO ITIEPEIIKO/IO /ISl 3AIMCHEHHsT HUMHU TPUPOJHOTO OYMIIEHHS OCBITICHUX 30H
TEXHOTCHHUX BOJONM BiJl BHUCOKOTOKCHYHOTO TiIporeH cyiubdigy y mporeci IHoro
BUKOPHCTAHHS K JOHOPA €JIEKTPOHIB aHOKCUT'CHHOTO (POTOCHHTE3Y.

BUCHOBKU

[Nokazano, mo kmituau Lamprocystis sp. Ya-2003, BuporueHni y cepenosunti Ban Hins,
MICTATh KapOTMHOIAW, 30KpeMa, CIIPWIOKCAHTWH, JHKOMH 1 POJOMIH, a TaKoX
Oakrepioxmopodin a. 3a BBy 0,5—4 MM comneii Hikemro, kKobanbTy, hepymy (II) Ta mmHKY
SIKICHAH CKJIAJI TITMEHTIB KIiTHH Lamprocystis sp. Ya-2003 cyTTeBo He 3MIHIOEThCS. 3a BIDIUBY
1-4 MM Ni**, 2-3 MM Fe*" ta 3—4 MM Zn®" Ha kpuBHX aGCOPOLIHHIX CIIEKTPIB TONTHHAHHS
eKCTPAarOBAHMX IIrMEHTIB 3'SIBISOTECA MiKkK y Aimsa 500 mm, 1-2 MM Ni*' ta 0,5-3 MM
Fe*' — y ninsnni 600 av. Mown Hikermo, ko6ansTy, bepymy (II) Ta HEHKY 3a KOHIEHTpaLii 2,5—
4 MM HeraTMBHO BIUIMBAIOTh Ha YTBOPEHHS IMIrMEHTIB KIITHHAMU JOCIIDKYBaHHX OaKTepii,
BMICT SIKMX HOPIBHSHO 3 KOHTpoJieM J10cToBipHO (p<0,05) 3meHiIyeThest. O4eBHAHO, 32 BILUIMBY
HOHIB BO)KKMX METAJIB, SIKI 3yMOBIIIOIOTh 3MIHM SIKICHOTO Ta KUJIBKICHOTO CKJIAIy ITITMEHTIB
(hoTomTOTPOPHUX IMypIypOBHX CipKOOAaKTEepil, MOXXYTb 3HWXYBaTHCS (DOTONPOTEKTOpHI
BJIACTHBOCTI KAPOTHHOI/IB, a TAKOX MeTa0O0JIYHA aKTHBHICTh OaKTepiil, 30KpeMa, 31aTHICTh J10
JICTOKCUKAIli TigporeH cynabdiny y 3a0pyJHCHHMX BaXKAMH MeETaJlaMH IIPUPOJHHX,
TEXHOTCHHHX BOJIOWMAX Ta MPOMHCIIOBHX CTOKAX.
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ANTIOXIDANT SYSTEM IN SYSTEM IN THE ORGANS
OF DIFFERENT ADE RATS EXPOSED TO EXOGENOUS ESTROGENS

Abstract. Breast cancer (BC) is the most common cancer and the second leading cause of
cancer death in the world. It is a leader in cancer incidence structure of the female population in the
most economically developed countries. For example, It was estimated that almost 1.7 million cases
of female breast cancer were diagnosed worldwide, corresponding to a rate of 43 per 100,000 and
about 522,000 females (13 per 100,000 populations) have died from breast cancer globally during
2012. Deaths of women from breast cancer has increased more than 2.5 times over the past 10 years
and won first place.

Nutrition makes 30-35 % of the risk factors that promote occurrence of tumors. Products
containing veterinary preparations is extremely dangerous for human health: hormonal growth
promoters — stilbenes, steroids possess carcinogenic activity to cause a violation of puberty and
reproductive capacity. Hormones are not completely destroyed by heat treatment products, so remain,
though sometimes in smaller doses in meat, milk, eggs, vegetables and fruits. Steroid hormones are
destroyed by heat treatment less all. Tumour biology plays important role in breast cancer survival.

The aim was to study the state of lipid peroxidation and antioxidant system in the organs of rats
of different ages exposed to exogenous estrogens to determine the trigger mechanisms for the
development of tumors.

Alimentary estrogen exposure caused an increased lipid peroxidation in animals in pubertal period
and mature females. There have been varying degrees of peroxidation intensification depending on the
age and organ specificity: the highest elevation of control indexes was noted in blood serum. The
kidneys were the greatest resistance to the identified exogenous estrogens action. At females in pubertal
period prooxidant reactions of excessive response force in the brain and liver of mature animals.

In the kidney of female from experimental groups found decrease in the content of reduced
glutathione indicates a risk of disruption to the detoxification system. This may lead to an
accumulation of free radicals that are initiating factor of proliferative processes.

The concentration of reduced glutathione in the brain tissue is sufficiently robust indicator.
Therefore, reducing the level of the peptide in the brain of rats in the prepubescent period is a
negative predictor of integral afferent system destruction.

There was a discrete organ changes in the activity of enzymes of antioxidant protection depended
on the age of the animals and indicated on imbalance of glutathione system enzymes works. Since the
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glutathione system is involved in inactivation of estrogens by their conjugation reactions catalyzed by
glutathione transferase reduction in the activity of the enzyme may lead to the accumulation of highly
intermediate metabolites and damage of intracellular structures, primarily DNA.

Imbalance of unit of superoxiddismutase — glutathione peroxidase results in an accumulation of
peroxides, which is an indicator of development of endogenous intoxication, more pronounced in
females pubertal period. Admission of hormonal drug with food caused changes in indicators of
prooxidant — antioxidant systems followed by the defeat of signaling pathways of transfer information.

Similar phenomena may further to become triggers of compensatory mechanisms potential
reduce, in particular adaptation and apoptosis with followed amplification of proliferation, which,
together with the direct genotoxic action of exogenous estrogens are an important pathogenic link in
carcinogenesis and the development of the primary tumor, the further progression of breast tumors.

Keywords: steroid hormones, TBA-active products, the activity of glutathione transferase,
glutathione reductase, glutathione peroxidase, superoxide dismutase, total antioxidant activity.
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CTAH AHTUOKCUOAHTHOI CACTEMU B OPIFAHAX LLIYPIB PI3HOIO BIKY,
AKI NIAAABANUCA BNNUBY EK3OECTPOIEHIB

AHoTamisi. AjiMEHTapHa EKCIIO3MIisl eCTPOTeHIB BUKIIMKAE HUCOATaHC y CHCTEMi «IIEpEKUCHE
OKHCJICHHSI JIMi/IiB — aHTHOKCHIAHTHHI 3aXKCT» B OpPraHi3Mi TBAPUH HE3aISKHO BiJ BikKy. BingzHaueHO
OpraHHy AWCKPETHICTh 3MiH aKTHBHOCTI €H3MMIB aHTHOKCHIAHTHOTO 3aXHCTY, SKa 3aJISKHUTH BiJ BIKY
TBapuH, 1110 CBIAYUTH PO po30aiaHcyBaHHs POOOTH ()EPMEHTIB CHCTEMH IIIyTaTiOHYy.

Knwuoei  cnoea:  cmepoioni  zopmonu,  THK-akmueuni — npodykmu,  axmueHicmb
2NYMAmiOHmpancepasu, IymamioHpedykmasuy, 21ymamioHnepoKcuodsl, CynepoKcuOOUCMymasu,
3a2anbHA AHMUOKCUOAHIMHA AKMUBHICTb.
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COCTOSAAHVME AHTUOKCUOAHTHOW CUCTEMbI B OPFTAHAX KPbIC
PA3HOIO BO3PACTA, NMOABEPIUUXCA BO3AEACTBUIO 3K303CTPOIEHOB

AHHOTauMsl. AJIMMEHTapHas SKCIO3UIMA 3CTPOI€HOB BBI3BIBACT OMCOATAHC B CHCTEME
«MEPEKHCHOE OKHCICHHE JIMMHAAOB — AHTHOKCHIAHTHAs 3allMTa» B OPraHM3Me IHKUBOTHBIX
HE3aBUCHMO OT Bo3pacrta. OTMedeHa OpraHHash AUCKPETHOCTh HM3MEHEHHH aKTHBHOCTH JH3UMOB
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AQHTHOKCHIAHTHOW 3allMThl, KOTOpas 3aBUCHT OT BO3pacTa JXKMBOTHBIX, YTO CBHIETEIBCTBYET O
pasbanancupoBKe paboThl PEPMEHTOB CHCTEMBI TITyTaTHOHA.

Knrwuesvie cnosa: cmepoudusvie copmonvi, TBK-axmuenvie npoOyKmvi, aKmMugHOCMb
2YMAMUOHMPAHChepasvl,  2IYMAMUOHPEOYKMA3bl,  2IYMAMUOHNEPOKCUOA3bl,  CYNEePOKCUO-
oucmymaswl, 00was AHMUOKCUOAHIMHAS AKMUBHOCb.

BBEAEHME

Pak momounot xene3sr (PMJXK) B cTpykTrype 3abojeBaeMOCTH M CMEPTHOCTH
JKCHCKOTO HAaceJIeHHsI YCTOWYHMBO 3aHWMAeT JUANpyoume no3uiun. 1o cratuctudeckum
JaHHBIM IIOYTHU 1,7 MWUIMOHA CJIIy4YacB paka MOJIOYHOM >KeJe3bl ObLIH JAUAarHoCTUpPOBAHbI
BO BceM mupe B TeueHue 2012 roma, uro cocraBmser 43 cmydas Ha 100000, u3 HHX
522000 sxenmus (13 Ha 100000 HaceneHUs1) yMEpIIH BCIEACTBUC 3a00cBaHUsA. DTO camast
pacripocTpaHeHHast €JMHUYHAs IPUYMHA CMEPTH CPEelIM BCEX JKSHIIMH B Bo3pacTte oT 35 y10
54 ner. Ilo omeHKaM OBKCIEPTOB, BEPOSTHOCTH 3a00JE€Th PAKOM MOJIOYHOHM JKEINe3bl
cocraBiseT 1:12, a B HEKOTOPBIX IpyMNIax *EHIMH OHa CYIECTBEHHO Bo3pacTaeT. Bospact
OOJNBHEIX B TIOCICAHWE NECATHIICTHS CHIBHO CHH3WICS — TOPAXXCHHBIMHA OKa3BIBAIOTCS
naxe 20-30-metane (Boyle, 2012; Youlden et al., 2014).

Ha pasBurne 3a0051eBaeMOCTH BIHUSIOT OY€HbP MHOTHE (DaKTOPBI: TEHETHUYECKUE,
XUMHYecKue, Pr3nuecKue, Ononornieckue, amuMenTapusie. [Iutanme cocrasmser 30-35 %
(akTOpoB pHCKa, KOTOpbIE CIIOCOOCTBYIOT BO3HMKHOBEHHUIO ormyxouseil. besomacHocTh
MPOAYKTOB MHUTAHUA ABJISACTCA MPUOPUTECTOM Ha BCEX CTAUAX HI/ILHCBOﬁ enu. O[[HaKO, B
COBPEMECHHOM TPOMBINIJICHHOM  KUBOTHOBOJCTBC TIPU HHTCHCUBHBIX TCXHOJIOTHUAX
BbIpalliuBaHUs )KUBOTHBIX, B HAPYHICHUC TCXHOJOTHYCCKUX PCTIIAMCHTOB YaCTO HE3aKOHHO
UCTIONIB3YIOT BpEIHBIC ISl 37I0POBbS UYEJNOBEKa T'OPMOHAJBHBIE CTUMYJISITOPHI POCTa,
MIOTOMY YTO OHH ITO3BOJISIIOT JOOUTHCS 3HAYUTEIHHOTO TTOBBIIICHHS TPOM3BOANTEIHHOCTH.
[Mponykuusi, coxmepxkainas BeTepHHApHBIE Npemnaparbsl, KpallHe omacHa Majisi 340pOBbs
YEIIOBeKa: TOPMOHAJBHBIC CTHUMYISATOPHI POCTa — CTHIILOCHBI, CTEPOHIHBIC TOPMOHBI
00JaIal0T KaHIIEPOTeHHOW aKTHBHOCTHIO, BBI3BIBAIOT HAPYIIICHUE ITOJIOBOTO CO3PEBAHUS U
PENpOAYKTHBHON CcrocoOHOCTH. ['OpMOHBI HE BIIOJHE pa3pyIIAIOTCd MpPU  TEIUIOBOM
00paboTKe MPOIYKTOB, IMOITOMY OCTAOTCS, XOTS, MHOTZIAa, 1 B MEHBINUX J03aX, B MsiCE,
MOJIOKE, AHIaX, OBOIIAX M PpyKTax. MeHee BCero pa3pymaloTcs IpH TeIIoBoil o0paboTke
CTepOUIHBIC TOPMOHBIL.

I1osoBbIe TOPMOHBI JKHMBOTHBIX HIACHTUYHBI T'OpMOHaM 4Y€JIOBCKaA. HOHaﬂaH B
OpraHu3M 4Y€JI0BEKa C HPILLleﬁ, 9T T'OPMOHBI BOCIPUHUMAIOTCA UM KaK CBOU CcOOCTBEHHEIE.
[TpsiMo#t KOppEALUKE MEX/Ty MHUIIEBBIM PAllMOHOM U 3a00JIEBAHUEM PAaKOM 3TOTO BHJA HE
OOHapy)X€HO, HO €CTh BECKHE€ OCHOBAaHHs CYHMTaTh, 4YTO IIOTpeOJICHHE OOJIBIIOTO
KOJINYECTBA JKUPOB JKUBOTHOTO MPOMCXOXKACHHS (C MSCOM M MOJIOYHBIMH IPOIYKTaMH)
MOJKET CIOCOOCTBOBaTh €r0 Pa3sBUTHIO, BO3MOXXHO, B pPE3yJIbTaTe IOBBIILICHUS ypOBHEH
ACTpOTeHa, MUpKyIupytomero B opraam3me (Chun et al., 2012).

Hambomee OTBETCTBEHHBI TMEpUON IIOCTHATANBHOTO OHTOT€HE3a — IIOJIOBOE
CO3peBaHMe, €ro Ha3bIBAIOT TAaKKe IMyOepTaTHBIM MepHoAoM. B mybepTaHTHOM mepuoae
KOJIMYECTBO TOPMOHOB, OOyClaBIUBaOUIMX (opMHUpOBaHHE JKEHCKOro (eHoTHna u
CEKPETUPYIOMNXCS THUMOGU30M U SUIHUKAMH, ITOCTENCHHO YyBennumuBaercs. [lomoBeie
TOPMOHBI, NPEXIE BCEro, 3CTPOTCHBI, BMECTe € APYIMMH (HaKTOpaMH, B HYaCTHOCTH,
COMAaTOTPONHBIM TOPMOHOM, BBI3BIBAIOT OOJblIME MOP(POPYHKIMOHANBHBIE CIBUTH B
OpraHu3Me, OCYIICCTBISAIOT BBIPAKCHHBIH 3PPEKT HAa OHOXMMUYCCKHE OOMCHHBIC
TIPOLIECCHI, YCHIMBAsl aHAa0OJIM3M, BIUSIOT Ha (YHKIMIO Pa3MYHBIX OPraHOB U CHCTEM
OopraHu3Ma: ITIpH THIOICTPOreHHH (HE COOTBETCTBYIOIIEH BO3pacTy) pa3BHBAIOTCS
0CTEONOpPO3, FTOPMOHANIBHAST KApAHOTIATHS, JIETIPECCUBHOE COCTOSIHUE, CEHUIIBHBIE TICHXO03bI;
TIPH THIIEPICTPOTEHUH — THIEPILIACTUIECKHE MPOIECCHl M TOPMOHO3aBHCHUMBIC OITYXOIH
(Bouwens et al., 2011).
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ITo nuTepaTypHBIM [aHHBIM IIPH OHKOJOTHYECKHX 3a00JeBaHMAX HaOomaeTcs
HapyIIEHHE OKHCIHMTEIFHOTO T'OMEOCTa3a B BHJAE AKTHBAIMM IPOIECCOB IEPEKHUCHOTO
okucienus nunuaoB (ITIOJI) co 3HaUMTENBHBIM HAKOIUIEHMEM B KPOBM HAYaBHBIX H
KOHEYHBIX IIPOJIYKTOB, HCTOLIEHHEM He(EpMEHTATUBHOTO 3BEHA aHTHOKCHAAHTHOU
cuctembl (AOC), TOsBICHHEM TPOAYKTOB OKUCIUTEIBHOW JAECTPYKUMH OCJIKOB U
HYKJIEMHOBBIX KHCJIOT, YTO CIIOCOOCTBYET pa3BUTHIO METa0OINYECKON MMMYHOETIPECCHH,
KOTOpasi TPOSBISETCS BO3HUKHOBEHHEM BTOPHYHOTO HMMMYyHOAE(HINTa M OHIOTCHHOU
nHTOKCcHKaruen. Jlucoananc mexay AOC u [1OJI mpuBOAUT K BOZHUKHOBEHHUIO PAKOBBIX
COCTOSIHHMH M B TAIbHEHIIIEM K pe3nCTeHTHOCTH nipu JieueHnu (Boucher et al., 2012).

Henp paboter — uccnenoBanme cocrossaus [10JI — AOC B opraHax KpbeIC pa3HOTO
BO3pacTa, MOABEPraBIINXCS BO3JICHCTBHIO SK303CTPOTCHOB, JUIS ONPENSIICHNSI TPUTTEPHBIX
MEXaHU3MOB Pa3BUTHS HOBOOOPA3OBAHHUM.

MATEPWAN N METOAblI UCCNEOOBAHUA

DKCIIeprMeHTHl  OBUTM  TIPOBENEHBI Ha  KphICaX-CaMKaxX JIMHUM  Bucrap,
MOJIBEPTaBIIUXCS BO3JCHCTBUIO DK303CTporeHa B TeueHue 45 cyrok. Ha wHawamo
SKCIIEPUMEHTa BO3PACT MOJOMBITHRIX )KHBOTHBIX COCTaBILLI 3 Mecslla — B IyOePTaHTHOM
nepuone (rpymma II, n = 6) u 6 mecsaneB — moJsoBo3pensie (rpymma IV, n = 6).
KOHTpOHbele TpymIibl COCTaBUJIM HMHTAKTHBIC >KUBOTHBLIC COOTBETCTBYIOIIETO BO3pacTa
(rpynnst I, n = 6 u rpynms! 111, n = 6).

Jlist MozjenupoBaHus BIMSIHUS 9K30T€HHOTO 3CTPOTeHa MHILY Kpbic 00padaThIBaiM
npenaparoM «CHHICTPOI», KOTOPBIH 110 OMOJIOTHYECKUM M JIe4eOHBIM CBOMCTBaM OJIM30K K
CTEPOMIHBIM 3CTPOTEHHBIM TOPMOHAM, B pacueTe 2 MKT / KI' Macchbl.

Bce XHMBOTHBIE COACPKAINCH B CTAHOAPTHBIX YCIOBHSAX BHBAPHS, IOTyYalld
cOamaHCcHpOBaHHOE THUTaHWE. VIcclemoBaHWs TPOBOAWIM COTJIACHO TPeOOBAaHUSM,
npenycmorpeHHsM  [upektuBorr  Ne 2010/63/EC  mo  3amuTe JKHBOTHBIX, KOTOPBIX
ucnonb3ytoT ¢ HayuHoM wnenbio (Council Directive...2010). BbiBeneHue »XHBOTHBIX U3
JKCMEePUMEHTA MPOBOIUIIU TI0J] KETaMUHOBBIM Hapko3oM (1 mr/100 r) myTeM qekamutanuu
YTPOM CIEAYIOIIETO AHS MOCIe OKOHYAHUS TOCIEIHEN TPOLEayPHI.

MaTepI/laﬂbI HCCJICJOBaHUA: CBIBOPOTKAa KpPOBH, MO3I, MNCEYCHb W IIOYKH KpPBbIC.
HOL[OHI)ITH])IG TKaHU TMPOMBIBAIN  OXJIAXKACHHBIM (1)I/I3I/IOJ'IOFI/I’-IGCKI/IM pacTBOpOM H
MOMeIaI B OXJAXAAeMyI0 cpeny naisi romoreHusanuu. Jns momyueHuss 10 %-HbIX
TOMOT€HAaTOB TKaHW H3MeJIbYald Ha XOJIOJE M TOMOI'CHU3HPOBAIM B TOMOTEHATOpE
IMorrepa ¢ TedIIOHOBHIM TECTUKOM B MsATHKpatHoM o0beme 0,25 M caxapossl,
m3rotosyieHHo# Ha 0,001 M pactBope D/ITA.

OOBEKTOM HCCIeI0BaHNH ObLTH MToKa3aTenu nporeccoB [10JI — o conmeprxannto THK-
akTuBHBIX TIpoaykToB (Korobeynikova, 1989), m cocTosHHE aHTHOKCHIAHTHON 3alllUTHI:
coJiepanne BoccTaHoBieHHoro TiytarnoHa (BI') (Owens, Belcher, 1965), akTuBHOCTH
riytatrnonTpancdepassl (I'T), rmyraruonpenykrassl (I'P), ramyratronnepoxcupassr (I'TI),
cynepokcumaucmytasbl (COJl) (Pereslegina, 1989), oOmiasi aHTHOKCHIAHTHAsE aKTHBHOCTh
(OAOA) (Klebanov et al., 1988), ypoBenp oOmero mporenHa (Lowry et al, 1951)
OIIpENesUT  CIIEKTPOCKOIIMYECKUM ~ MeTofoM. Jlisi  McciemoBaHMil  HMCHIOJIB30BAIN
cepTU(UIMPOBaHHBIE peakTHBBL. V3MepuTenpHas anmapaTrypa, KOTOPYIO HCIIOJIb30BAIN MPU
BBIIIOJIHEHMH  paboThl, ObUIa CTaHAAPTH3MPOBaHA, €€ METPOJOTHYECKHH KOHTPOIb
OCYIIECTBIISUICS B YCTAaHOBJICHHOM TTOPSIIIKE.

[MomyueHnple  naHHBIE  O0Opa0aThIBAIM  CTAaHAAPTHBIMH  METOJAMU  OLICHKH
BapHAIIMOHHBIX DPAIOB. BBIUMCIICHUS BBHITONHSINA C ITOMOIIBIO MPOTPAMMHOTO MPOAYKTA
STATISTICA 6.0 (¢pupma StatSoft, CILIA). [Toxy4ueHHBIE JAHHBIE CYUTAIN JOCTOBEPHBIMH
pu ypoBHE 3HAUNMOCTH Kputepust CteionenTa p< 0,05.

PE3YNbTATbI UCCNEAOBAHUA N UX OBCYXXOEHUE

[locnme mpoBeneHHS WCCIENOBAHWN TI0 OIPENCIICHUIO BIUSHHUS —SKCIO3HIUN
9K303CTpOreHa Ha TPOIECCHl TMEPEKUCHOTO OKWCIEHUS JIMIHIOB W COCTOSIHUE
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AHTHOKCHIAHTHONW 3aIlHUTHI

CIIeIYIOIHEe pe3ynbTaTsl (Tabdm. 1, 2).

B OpraHax KpbIC pa3HOTO BoO3pacTa OBIIM IOJY9EHBI

Tabnuya 1

IMoka3aTe,i Me4eHN U MOYEK CAMOK KPBIC, KOTOpbIE ObLTH AJITMMECHTAPHO 3KCNO3MPOBaHbI
IK30I¢HHBIMH 3CTPOIr¢HAMHU, Mim

BapI/IaHTI)I OIlbITa

Toxazarem I rpynmna | I rpyria 11l rpynmna IV rpynmna
Ileuenn
BoccranoBiieHHBIH
IIIyTATHOH, 12,99+0,61 17,52+0,80* 10,77+0,53 14,25+0,71*
MMOJIB/T TKAaHU
T nyratnonpenyxrasa, 21436+10,72 | 189,7149,50% | 139,80+7,00 | 206,90+1034*
MMOJIB/T TKAaHU
Tayratwontpancepasa, | yog 67,94 40 | 5769142885% | 452,51422,60 | 546,17+27,32*
MKMOJIB/MHH. T IPOTEHHA
TBK-axkTuBHBIE
TIPOJLYKTHI, 29,14+1,46 36,6+1,83* 23,16+1,16 27,45+1,37*
HMOJIB/T Oenka
Oo6mras
AHTHOKHCIHTENbHAS 26,47+1,32 31,26+1,56* 36,60+1,83 41,5842,10%
AKTUBHOCTD, yC.CI[.
CynepoxcnmemyTasa, 236,54+11,83 | 257,59+12,90 | 254,39+12,70 | 268,13+13,40
OIIT.CI/MHUH. T OeIKa
[ nyratonepokcunasa, 53,0642,65 50,50+2,50 51,83+2,60 52,7142,64
MKMOJIB/MUH. T O€JIKa
Tlouxkn

BoccranoBiieHHBIH
IIIyTaTHOH, 7,38+0,37 5,34+0,27* 7,28+0,36 6,042+0,30*
MMOJIB/T TKAaHU
[myratnonpenyxrasa 81,63+4,10 80,49+4,02 71,57+43,58 73,36+3,67
MMOJIB/T TKAaHU
Tyratnontpancpepasa, 22645¢11,32 | 24593+12,30 | 247,23+12,36 260,33+13
MKMOJIb/MHH. T IPOTEHHA
TBK-akTuBHBIE
NPOYKTEL 26,17+1,30 28,78+1,40 15,90+0,80 19,32+0,97*
HMOJIB/T OeNKa
OO6as
AHTHOKHUCIIUTEIbHAS 25,73+1,30 26,68+1,33 26,00+1,30 33,72+1,70*
AKTUBHOCTD, yC.C,E[.
CymepoxeupenyTasa, 161,50+8,10 169,09+8,45 158,1240,80 | 131,25+6,56*
OIIT.CI/MHUH. T OeIKa
Tmyratuonepokcunasa, 48,15+2,40 37,56+1,88* 42,2342,11 36,32+1,82%

MKMOJIL/MHH. T OeJKa

Ilpumeuanue (30ecv u Oanvuie): * — MOCTOBEPHOCTh OTIMYHMNA TOKa3aTeNeH OIBITHBIX TPYII K

COOTBETCTBYIOILEMY KOHTPOIIO ¢ YpoBHEM 3Hauumoctu p < 0,05

B rpymme kpbic B mybepranTHOM Tieproze ypoBeHb THK-akTHBHBIX NPOIYKTOB B NEUYEHH
MPEBBIITIANT KOHTPOJIBHBIE MapaMeTpsl Ha 25,6 %, monoBo3pensix caMok — Ha 18,5 %. B moukax
Taroke Habmozanock npesbienre ThK-aktnBHBIX npoaykToB Ha 10 % B rpymme I u 21,5 % B
rpyrme [V (tabn. 1). B Mo3ry akruBHocts [10JI B noonsiTHO#M rpymme I Bospacrtana Ha 33,7 %,
rpymme IV — 29,5 %, coorBercTBeHHO. B CHIBOPOTKE KPOBU KphIC B Bo3pacte 4,5 Mecsilia ypOBEHb
TBKAII npeBrIman KOHTPOIBHBIE TOKazaTeny Ha 48,4 %, 7,5 mecsitieB — Ha 51,4 % (Tabdm. 2).

I'myratnon sBiseTcs OXHMM W3 CaMbIX MOIIHBIX KJIETOYHBIX HEIH3MMHBIX
AQHTHOKCHAAHTOB. Ha cHHTE3 3TOro TpUNENTHIA B OPTaHW3ME TAKXKE BIMSAET BO3PACT:
HauuHas ¢ 28 JIeT, €ro MPOU3BOJCTBO YMEHBIIAETCA C KaXIbIM FOZIOM TpHUMEpHO Ha 1 %.

120

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



Tabruya 2

IToka3aTem MO3ra M CHIBOPOTKH KPOBH CAMOK KPBbIC, KOTOpPbIe ObLIM aTMMEHTAPHO
JKCHO3HPOBAHBI IK30r€HHBIMH 3¢TpPoreHamu, M+m

BapuanTs! onbita

Hoxasarexn I rpynna | II rpynna | [T rpynna | IV rpynna
I"omoBHOI MO3T

BoccranoBneHHbIi
[JIyTaTHUOH, 221+11,05 154,75+7,40* 190+9,50 203,25+10,16
MMOJIB/T TKaHH
Tnyratnonpenykrasa 19524976 | 168,25+8,41* 174+8,70 200,5+10,03*
MMOJIb/T TKAHU
Fyrarnontpancepasa, 51,1442,56 | 45,77+2,29% 61,06+3,05 57,27+2.86
MKMOJIL/MUH. T IPOTEHHA
TBK-akTuBHBIE
TPOYKTHI, 28,61+1,40 38,26+1,90* 24,26+0,12 31,42+1,57*
HMOJIB/T IPOTEHHA
Oo6mmas
AHTUOKHCIIUTEIIbHAS 34,35+1,71 21,98+1,10* 27,52+1,38 17,17+0,85*
AKTUBHOCTb, YCILE]L.
CynepoxcupmemyTasa, 888,46+44,4 | 764,08+38,2% | 543914272 | 660,85+33,4%
OIT.€JJ/MHH. T IPOTEUHA
I'myratuonepokcunasa,

26,94+1,347 28,02+1,40 32,75+1,64 38,97+1,95*
MKMOJ'IB/MI/IH. T HpOTCI/IHa

CBIBOpPOTKA KPOBH

BoccranosieHHEBII
[JIyTaTHUOH, 2,6+£0,13 2,01+0,10* 2,36+0,12 2,11+0,10%*
MMOJIb/T TKaHU
I'myratnonpenykraza
MMOJIB/T TKaHH
I'myratuonTtpancdepasa,
MKMOJIB/MUH. T IIPOTEHHA
TBK-akTuBHBIE
MIPOJYKTHI, 0,75+0,04 1,11+0,06* 0,75+0,04 1,14+0,57
HMOJIB/T IPOTEHHA
O61mas
AHTHOKHMCIUTEIbHAS 39,43+1,97 47,71£2,39% 38,03+2,12 49,02+2,45*
AKTHBHOCTB, YCIL.E]I.
CynepokcuaaucmyTasa,
OIIT.CJI/MHH. T MPOTEHHA
I'myratuonepoxcunasa,
MKMOJIb/MUH. T IPOTEHHA

0,42+0,02 0,35+0,02* 0,39+0,02 0,3620,02

9,12+0,45 7,30+0,37* 8,79+0,96 8,09+0,40*

53,18+2,66 70,2043,51% 55,55+2,78 59,44+2.9

0,088+0,004 0,099+0,005* 0,096+0,0048 0,101+0,005

Jedunur rryraTmoHa oTMedaeTrcs NpH OYEeHb MHOTHX 3a00JIeBaHUSX, B YaCTHOCTH
HOBOOOpa3oBaHMAX. [JIaBHBIM OpPraHOM CHHTE3a BOCCTAHOBJICHHOTO TIJIyTaTHOHA Y
MIIeKonHMTaromux  sBisiercs  nedeHb  (Akerboom,  Sies,  1990).  Copepkanue
BOCCTAQHOBJICHHOIO TJIyTaTHOHAa B II€YEHHM KpbIC rpynmbl Il mpeBbnman moxasaTenu
COOTBETCTBYIOIIEH KOHTPOJIbHOW rpynmsl Ha 39,9 %. B IV rpymnme, kotopyio coctaBunmm
KPBICHI CTapIIEro BO3pacTa, MOBbIIIeHHE cocTaBisuio 32,4 %. Ilpn HOpMasnbHBIX yCIOBHSIX
80-90 % rmyTaTHOHa pacHieIUIAeTCd IOYKAaMHM BCJIEIACTBHE YPE3BBIYAMHO BBICOKOH
AKTUBHOCTU B HUX I'aMMa-TJIIyTaMHUJITPaHCIICITHIA3bI. HpI/I BIIMAHHUN CI/IH3CTpOJ'[a B ITOYKax
HaOJII0JaJIOCh MCTOIIEHHE IIyJia BOCCTAHOBJIEHHOTO TJIYTaTHOHA: Yy TOJOIBITHBIX KpbIC
(rpymma II) conepxanue BI' Obu1 cHIDKeHHBIM Ha 27,6 % 10 CpaBHEHUIO ¢ KOHTposieM. B
rpymne IV Takke 3adUKCHpOBaHO NaJeHHUE YPOBHS BOCCTAHOBJIEHHOTO TIJIyTaTHOHA
OTHOCHTEJIFHO KOHTPOJIBHOTO roka3areiist Ha 17 %. CHUKeHHe YPOBHS TIIyTaTHOHA CITYXKHT
MOKa3aTejeM MCTOLIEHUs] AHTHOKCHIAHTHOW cHUCTeMBl. B Mo3re Kpbic KOHTpOJIBHOW
rpynnsl | MHAEKC BOCCTAHOBJIEHHOro IiyTaThoHa Obul BhIe HAa 30 % OTHOCHTEIBHO
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[OKa3aTeJel COOTBETCTBYIOLIEH MOJONBITHON Ipymbl. B Mo3re KpbIc cTapiiuero Bo3pacra,
MOJTy4YaBIIMX TOPMOHAIBHBIA Mpemapar, HaOmrojanach TEHICHIMA K HAKOIUICHHIO
THOJIOBBIX COEIUHEHUH.

B nmopmomeITHOM rpymme camMok B Bo3pacte 4,5 Mecsdlla aKTHBHOCTh
TJIyTaTUOHpeAyKTa3bl Obula Ha 11,5 % HMKE KOHTPOJBHOW. Y JKMBOTHBIX B BO3pacte
7,5 MecsAlEeB aKTHUBHOCTh (pepMeHTa Obuia Bhimie HA 48 %, 4YeM y HMHTAKTHBIX CaMOK
COOTBETCTBYIOLIETO BO3pacTa. B TMoOdYkax caMOK OO0EMX OSKCIEpUMEHTAJIBHBIX TpYII,
TIOJIITAaHHBIX ATMMEHTAPHON HKCIIO3UINH 3K303CTPOreHa, aKTHBHOCTD TIIyTaTHOHPEYKTa3bl
JIOCTOBEPHO HE OTJIMYAJIach OT KOHTPOJBHBIX MokazaTened. B mosre kpoic Il rpymmsr
Ha0monanack MHrMOMINS aKTUBHOCTH 3Toro (epmenta (Ha 14 %). B To sxe Bpems B Mo3re
CaMOK CTapIllero Bo3pacta akTUBALHs SH3UMa cocTaBmia 15,3 %.

B 00e3BpexnBaHNM BTOPHYHBIX HPOAYKTOB MEPOKCHIANNU M APYTHX OKHCIEHHBIX
BEIECTB TIJIABHYIO pOJb WIPalOT TIIyTaTHOHTpaHCdepasbl. OHH KOHBIOTHPYIOT C
IIIyTaTHOHOM TJIaBHBIE W HauOoJee TOKCHYHBIE NPOJYKTHl IEPEKUCHOTO OKHCIICHHS
IunuaoB. BoccTaHoOBIeHME ¢ NOMOIIBIO TIIyTAaTHOHTpAHC(EPasbl T'HAPOIEPOKCHIOB
MPEAYNPEXKAAET MNPOTPECCUPOBAHUE MEPOKCHAAIMM U TOSIBJICHUE €€ BTOPHUYHBIX
MeTaboJIUTOB. B TedYeHM y MOJOMBITHBIX JKUBOTHBIX B Bo3pacte 4,5 u 7,5 Mecsien
aKTHBHOCTH (epMeHTa Bo3pacrana Ha 18,3 % u Ha 20,7 %, cooTBercTBeHHO. Habmonanack
TEHJICHIU K aKTUBAIMK dH3MMa B mMovkax: Ha 8,6 % (rpymma II) u 5,3 % (rpymma V). B
MO3Te )KUBOTHBIX MJIQJIIIETO BO3PacTa aKTUBHOCTH INTyTaTHOHTpaHc(epasbl yrHeTalach Ha
10,5 %, crapiero Bo3pacta — Ha 6,2 %.

CynepokcumcMyTa3a OCYIIECTBISIET HHAKTHBALMIO PAJMKAIOB  KHCIOPOJa,
KOTOpBIE BO3HHMKAIOT B XOJI¢ OMOJOTMYECKMX pEaKknuil MepeHoca 3JIEKTPOHOB WIN TIPH
BIMSIHAM KCEHOOMOTHKOB, pasziauyHBIX 3abomeBaHmsax (Alyaev et al., 2006). Ilpu
onpenenennn aktuBHOCTH COJl B MEUCHU B IMOAOMBITHBIX IPYMNIax KPbIC B MMyOEpPTaHTHOM
Meprosie W TIOJIOBO3PENBIX Halmronamack TeHAEHIWS K pocty Ha 89 % u 54 %,
COOTBETCTBEHHO. B moykax Miajimux camMOK aKTHBHOCTh dH3MMa Bozpactana Ha 4,7 %, B
IV rpymme ero aktuBanus coctaBwia 17 %. B mosre kpoic Il momombiTHOH Tpymmsl
HaOmonanace MHruOuIUs Gepmenta Ha 14 %, B To BpeMsi y ®HMBOTHBIX [V rpynmsl 3TOT
Mokasareib Beipoc Ha 21,5 %.

[Iytem BOCCTAaHOBJIEHHSI TI€pEeKHCEH JIMIIMIOB B COOTBETCTBYIOIIME CIUPTHI M
paclieIuieHns] IepOKCHIa BOJOPO/Ia 10 BOABI NIIyTaTHOHIIEPOKCHIA3a 3aIIMIIACT OPraHu3M
OT OKHCIUTENsHOTO moBpexkaeHus (Mariani et al., 2011). [Ipu onpeneneHny aKTHBHOCTH
I'Tl, ucnoms3yromeil B KadecTBe AoHOpa H' BOCCTAaHOBIEHHBINH IJIYyTATHOH, B ITIEYEHH
HaOmonanacek TeHAEHIMS K ee yMmeHbleHuto B rpymie II va 4,83 %, y momoBo3pembix
KHMBOTHBIX B MOJONBITHOW Tpymnie HaWaeHO He3HauutensHoe (Ha 1,7 %) mpesblmieHue
KoHTpoJs. B moukax 3adukcupoBaHO MHrHOMpOBaHHWE aKTHBHOCTH ()epMEHTa, CTEleHb
KOTOPOTO 3aBHCENa OT BO3pacTa JKHBOTHBIX: Yy 4,5-MeCsSdHBIX Kpbic — Ha 22 %,
7,5-MecsuHBIX — Ha 14 % B CpaBHEHHHU C COOTBETCTBYIOIIUMH KOHTPOJBHBIMH T'PYMIIaMH.
B chiBopoTKe Habmiojanack TEHAEHIHUS K yBesluueHHIO akTHBHOCTH [Tl B momombITHBIX
rpymmax II u IV Ha 12 % u 5 %, coorBercTBeHHO. MccnemoBaHue T'OJIOBHOIO MO3ra
MOKa3aJI0 HE3HAYWTENbHYI0 aKTHBALMIO TIyTaTHOHIepokcunassl (Ha 4 %) y Kpeic B
MyOepTaHTHOM IIEpPHOJIE U POCT aKTUBHOCTH SH3MMa Ha 19 % y 1M0I0BO3pEIIBIX CaMOK.

JlerepMuHaNMs MHTETPAIBGHOTO TIOKa3aTeNsi COCTOSIHUS aHTHOKHIAHTHBIX CHCTEM —
o0meil aHTHMOKCHIAHTHOW aKTHMBHOCTH B OpPraHax CaMOK KpBIC CBHICTEIBCTBYET O
Pa3IMYHOM HOTEHIHATE 3alIUTHBIX CHCTEM B 3aBUCHMOCTH OT Bo3pacTa. Tak, B MOYKax,
CBIBOPOTKE KpOBH, IICUCHH OTMEUYCHO MOBBIIICHHE AKTHUBHOCTH AHTHOKCHAAHTHOU
CHCTEMBI: ¥ caMOK B Bo3pacte 4,5 mecsma — Ha 3,7 %, 21 % u 18,1 %, 7,5 mecsana — Ha
29,7 %, 28,9 % u 13,6 % mo oTHOWmIECHUIO K KOHTPOIO. B TO ke Bpems, mccieqoBaHUE
TOJIOBHOTO MO3ra JKMBOTHBIX [I0Ka3aJ0 JIOBOJILHO 3HAYUTEIBbHYIO HMHAKTHBAIHIO
AHTHOKUJIAHTHON cHCTeMbl: Ha 36 % y KpbIC B MyOepTaHTHOM mepuoae u Ha 37,6 % y
MIOJIOBO3PETIBIX CaMOK.
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BbIBOAbI

Takum o00pa3oMm, ajgMMeHTapHas OSKCHO3WIMS OSCTPOI'CHOB BbI3bIBANA YCHUIICHHE
IMMPOUECCOB MEPCKUCHOTO OKHUCJICHUSA JMINHUAOB B OPraHU3MC KHMBOTHBIX B Hy6epTaHTHOM
NepHo/ie U IOJIOBO3PENBIX caMOK. VMena MecTo pasiuyHas CTEleHb MHTEHCHU(HKAIMK
MEPOKCHUAAIMHA B 3aBHCUMOCTH OT BO3pacTa M OPraHOCHENH(PHUYHOCTh: MaKCHMallbHOE
TIPEBBILIEHNE KOHTPOJIBHBIX IOKa3aTelied OTMEUEHO B CBHIBOPOTKE KpoBH. HambGombiryro
PE3UCTEHTHOCTD K JICHCTBHIO HK303CTPOICHOB BBISBIJIM MOYKH. Y CAMOK B IIyOEpTaHTHOM
Meprosie B TOJOBHOM MO3T¢ M IEYEHH PEaKknus MPOOKCHAAHTHOW CHCTEMBI MpEeBBIILATA
CHJIy OTBETa B OpPraHax MOJIOBO3PEIbIX JKUBOTHBIX.

HalizeHHOE yMEHBIICHHE COJEp)KaHUS BOCCTAHOBJIEHHOI'O IJYTaTHOHA B IOYKAX
CaMOK  ONBITHBIX TPYyNI  CBUJACTENBCTBYET O PUCKE  Pa3BUTUS  HapyLICHHH
(YHKIMOHMPOBAHUS CHUCTEMBI JETOKCHKALMH. OJTO MOXKET NPHUBOIAMUTH K HAKOILICHHIO
CBOOOJHBIX PpaJIKalIOB, KOTOpHIC SBISIOTCS HWHHUIMUPYIOIUMHU (DaKTOPaMH pa3sBHTHS
nposQepaTHBHBIX MPOIIECCOB.

KOHHCHT’paHHH BOCCTAHOBJICHHOI'O I'JIyTaTHOHA B TKAaHAX T'OJIOBHOI'O MO3Ta ABJIACTCA
JIOCTaTOYHO YCTOMYMBBIM IOKa3areneM. 1103Tomy yMeHblIeHHME YPOBHs TpPUIIENTHAA B
TOJIOBHOM MO3T€ KpBIC B NPENyOEepTaHTHOMY IEpUOJE SIBISIETCS OTPUIATEIBHBIM
MIPOTHOCTHYECKUM KPUTEPUEM JIECTPYKIMH HHTETPaNbHON a(hepeHTHON CUCTEMBI.

OrmeueHa  oOpraHHas  JUCKPETHOCTb  W3MEHEHHMH  aKTUBHOCTH  DH3HMOB
AQHTUOKCH/IAHTHOW  3allMTBI, KOTOpas 3aBUCHT OT BO3pacTa JKUBOTHBIX, HTO
CBHJICTENBCTBYET O pa3damaHCHpoBKE paboOThl (PEpMEHTOB CHCTEMbI TIIIyTaTHOHA.

IlockonmbKy cucTeMa IIIyTaTHOHA BOBJECYCHA B WHAKTUBALMIO 3CTPOTEHOB IYTEM HX
KOHBIOTAIlMM B PEAKIWAX, KaTaIU3UPYyEMBIX TIIyTaTHOHTpaHC(epas3ol, CHUKEHHE
AKTHBHOCTH 9H3UMa MOXET MPUBOANTH K HAKOIUICHUIO BBICOKOAKTUBHBIX MPOMEXKYTOUHBIX
MeTabO0JIUTOB U MOBPEXKICHUIO BHYTPUKIETOYHBIX CTPYKTYP, TIaBHbIM 0o0pa3om JTHK.

Jucoananc 3Bena COJ] — I'Tl pesynabTupyercsi B HakOIUIEHHE NEPEKHCEH, 4TO
ABJIACTCA MMOKA3aTCJICM pa3BUTUA SHI[OFCHHOf/lI MHTOKCHUKAIIUH, 60H€e Bpra)KeHHOﬁ Yy CaMOK
B myOepranTHOM nepuoje. IlocTymieHne ropMOHaNBHOTO TpernapaTa ¢ MHUIIEH BHI3BAJIO
U3MEHEHUsl TOKa3aTelell MpPOOKCUAAHTHO-aHTUOKCUJAHTHBIX CHCTEM C MOCIETYHOIUM
MOpaXEHUEM CUTHAIBHBIX IyTel nepeaaun HHQopMaium.

ITonoOHble (QeHOMEHBI B JAJIBHEHIIEM MOTYT CTaTh TPHUITEpaMH CHIDKEHHS
MOTEHIMA]a KOMIICHCATOPHBIX MEXaHW3MOB, B YAaCTHOCTH aJaNTalldd M aronrosa ¢
MOCJIEAYIONINM YCHJICHHEM ITPOIIECCOB MPONn(epanni, YT0 BMECTE C HETOCPEICTBEHHBIM
TEeHOTOKCHYECKUM JICHCTBHEM 3K303CTPOIC€HOB SABISIFOTCS Ba)KHBIM I1aTOT€HETHYECKUM
3BEHOM B KAaHLEPOI'€HE3€, pa3BUTUM IEPBUYHOM OMYXOJM, HaJbHEHIIEN Iporpeccuu
OILYXOJIEH MOJIOYHOM XKeJe3bl.
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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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00 NMUTAHHA NMPO CTAH NMPUPOOHO-3ANOBIAHOIO ®OHAY
NYrAHCbKOI OBJIACTI

Awnotanis. [liporenti nporecu € npoBigHUM (HaKTOPOM, IIO BIUTUBAE HA GOPMYBAHHS Ta 3MiHY
JicoBux OioreoreHo3iB. 3MiHH 010TEOIIEHO31B YacTO BiIOYBAIOTHCS i Ai€I0 MIPOTEHHOTO (aKTopa i
YacTKa HOTO BIUIMBY Pi3KO 3pocTae B 30HI KOHGIIKTYy. HeKOHTpOnbOBaHI MIpOTeHHI BIUIMBH Ha
HaBKOJIMIITHE CEPEJIOBUIIE 3aBAAIOTh CEPIO3HOT MIKOIY SIK CAMHM €KOCHUCTeMaM, 3HIKYIOUH SIKICHHUH 1
HOPOJHMI CKJIax JicoBoro (oHXy 1 HOro eKoJNOriYHWX (YHKMIH, Tak 1 CHPHYMHSIOTH 3HAYHI
€KOHOMIYHI HAcNiKU.Y CTaTTi PO3JSIHYTO BIUIMB aKTMBHHX JECTPYKTUBHUX IIPOLIECIB Ha 00'€KTH
NPUPOAHO-3aMOBIIHOrO (OHIY B yMOBaxX CKJIAJHOI cuTyauii Ha miBIeHHOMY cxoai Jlyrancbkol
obnacti. [IpoBeneHo aHaimi3 CTymeHs IIOLIKOMKEHHs JICOBHX OiOreoueHo3iB Ha wLiii Teputopii,
OUIBIIICTD 3 IKMX € IITYYHUMH 32 CBOIM IOXO/DKCHHSM Ta, SIK IPAaBUJIO, HE 3/laTHUMHU JI0 TPUPOIHOTO
BIJIHOBJICHHS.

Knruoei cnosa: oecmpykmugni, nipoeenni npoyecu, npupooHo-3ano8ionuti )ono.
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K BOMPOCY O COCTOAHUM NPUPOOHO-3ANOBEAHOIO ®OHAOA
NYrAHCKOW OBJIACTU

AHHoTaumsi. IIMpOreHHBIE IPOLECCHl SBIAIOTCS BEAyLIMM (AaKTOPOM, BIMSIOIIMM Ha
(hopMmupoBaHHEe W M3MEHEHHE JIECHBIX OHOreomneHo30B. CMEHBI OHOTE€OIIEHO30B YacTO MPOUCXOMIST
HOJ JIeWCTBUEM IHPOTEHHOTO (haKTOpa M JOJIS €r0 BIUSHUS PE3KO BO3PACTACT B 30HE KOH(IIUKTA.
Hexontponupyemsle mHporeHHbIe BO3IEHCTBYUS Ha OKPYIKAIONIYIO Cpely HAaHOCAT Cepbe3HbIH ymepo
KaKk CaMHM DKOCHCTEMaM, CHIDKas KadeCTBEHHBI M MOPOJHBIM COCTaB JIECHOrO (OHIA M €ro
IKOJIOTHYECKUX (YHKIHUH, TaKk ¥ BIEKYT 3a cOo0Oil 3HaYNTENbHbIE YKOHOMHYECKUE MOCIEACTBUS. B
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CTaTb€ PACCMOTPEHO BIMSHHE AKTUBHBIX JCCTPYKTHUBHBIX MPOLIECCOB Ha OOBEKTHI IMPHUPOIHO-
3aroBeHOr0 ()OHAAa B YCIOBUSX CIIOKHOM CHUTyallMd Ha IOro-BocToke Jlyranckoit oOmacTu.
ITpoBeneH aHaNM3 CTENEHH IOBPEXACHUS OUOTEOLICHO30B HA TOH TEPPUTOPHH, OOJIBIIMHCTBO M3
KOTOPBIX SBIISIOTCS MCKYCCTBEHHBIMH 110 CBOEMY HMPOHMCXOXACHHUIO H, KaK MPAaBUIIO, HE CIIOCOOHBI K
€CTECTBEHHOMY BO300OHOBIICHHMIO.

Knrouesvie cnosa: decmpykmushbvle, Nupo2entvle npoyeccsl, NpUpoOHO-3an08eoHblll hoHO.

BBEOEHUE

B cBs3u co CrOKHOW CcHTyanmueil Ha BOCTOKE YKpawHBI ymepOd OT JeCTPyKTHBHBIX
AHTPONOTEHHBIX MPOLECCOB 3HAYUTENBHO BO3poc. [lox ynmapom okasancs HpPUPOIJHO-
3amoBenHblid  ¢oHn Jlyranckoit obmactu. B 3TOH  cuTyamum  0ocoOyl0 IICHHOCTH
NPEACTAaBIsIET OLIEHKAa HAHECEHHOIo ymepbda WMMEHHO JIECHBIM  HAaCaXICHUSM,
NPOUCXOXK/IEHHE KOTOPbIX Ha JaHHOH TeppuTOpuH B OOJbLICH CTENEeHH SBISETCS
UCKYCCTBEHHBIM, M HE pACIIOJIOKEHHBIM K €CTeCTBEHHOMY BO300HOBJIEHHIO B 3THX
yenoBusix npouspactanus (Travleev A. P., Travleev L. P., 1988; Travleev A. P., 2004).

MATEPUAIbI U METOObI UCCIIEAOBAHUN

Jist mosydeHnst IaHHBIX O IUIOMIAJM W CTETNEHHU IMOBPEXACHHS OHOTeOoIeHO30B Ha
BBIOpAHHBIX Y4acTKax HaMH ObII MCIOJb30BaH METOJ BH3YaJbHOW OIIEHKH (BH3yaJbHOTO
ocMoTpa 0e3 JeTabHOM OIEHKH), ITOCKOJBKY B JaHHOE BpeMsl IOJydeHHe Oojee TOYHOU
MHPOPMANNH 3aTPYAHUTENBHO, B CBSA3H C CONPSDKEHHBIMH PHCKAaMH H3-3a CIOXKUBIIEHCS
CUTyallud. MBI YYHTBIBaGM OHMOTCOICHO3bI, IOJNYUYHMBIINE MOBPEXKICHUS, NPHYUHBI U
XapakTep MOBPEXICHNH, a TaKKe CTEeNeHb MOBpekAcHUA. [lox mpuYnHAMHU MOBPEKACHHS
MBI TIOHMMAaEM HapyLICHUs,, MNOIyYEHHbIE B DE3yJbTaTe AHTPONOICHHBIX JICHCTBHH
NPEUMYIIECTBEHHO BOEGHHOTO Xapakrepa. [loJ CcTemeHbp0 MOBPEKACHHS MBI MOHHMAacM
IPOLIEHTHOE OTHOLICHHE JOJM YHHUYTO)KEHHOTO PAcTUTEIBHOIO CcOOOIIecTBa Ha
UCCIEIyeMbIX Y4acTKax.

PE3YJIbTATbI U UX OBCYXAEHUE

B kadecTBe HccremyembIx OOBEKTOB OBIIM paccMOTpeHbl Tepputopun Cesepo-
qouerkoro u CraHnyHO-JIyraHCKOro JIECOOXOTHHYBMX X03stiicTB. Hamu Obutn wmcciie-
JIOBaHBI KaK JIECHUYECTBA B IIEJIOM, TaK U OT/IEIbHbBIC UX YYaCTKH, K KOTOPBIM OBLI IOCTYIL.

K oObextam npupoHO-3amoBeiHOr0 (OHIA, KOTOpPbIE OBUIM HAMH HMCCIIEJOBaHbBI B
LIEJIOM, OTHOCSTCS JaHAmadTHbIe 3aka3HUKH «HoBo3BaHOBCckM», «bapcyubs Oamka» u
nmecHol 3akasHMK «OpexoBas poma». Takke YacTHYHO HaMH OBUTM HCCIIEIOBaHBI
MXTHUOJIOTHUYECKUH 3aKa3HUK «JlepKynmbckuit»y, mannmadraeii 3aka3Huk «lllapoB Kyt» u
3anoBeHoe ypounie «I[lecuanoey.

HauGornpimas creneHb MOBPEXKICHUS, B PE3YbTaTe NPOBEIECHHOTO MCCIIEAOBAHUS,
Hamu Obuta oOHapykeHa B JIECHOM 3akazHumke «OpexoBas poma» ¢ oOmel IUIomanbio
351,7 ra. B aTom 3amoBemHOM OOBEKTE HEKOTOPHIE YYACTKH IMOJHOCTHIO YHHUYTOXKECHBI
MUPOTEHHBIMHE MPOIIECCaMU, a JIAaHIIA(T, B pe3ysibTare pa3pbiBa CHapsS0B, Ipeodpa3uics
B TaK Ha3bIBAEMBIH IyHHBIH». YdacTku CeBepOIOHENKOIro JeCOOXOTHUYBETO XO3sHCTRa,
KOTOpBIC NPWIJICTAIN K 30HE OOEBBIX JICHCTBHI, B CPEAHEM IOCTPaJaid Ha TPETb. IJTO
CBSI3aHO C JUTMTEIIBHOCTBIO BEAYIINXCS HA 3THX TEPPUTOPUAX OOEBBIX CTOJIKHOBEHHIH.

B CrannuHno-JIyraHCKOM J€COOXOTHHUYBEM XO3SHCTBE MPAKTUUECKH YHUUTOXKEHHBIMU
OKa3aJIUCh HEKOTOPBIE YYacTKH JIEpKyJIbCKOTO HXTHOJOTHYECKOrO 3aKa3HHKAa U
naaqmadrHoro 3akasHnka «lllapoB Kyt». Ha uccnenoBaHHBIX yyacTKax 3THX HPUPOIHO-
3allOBEIHBIX OOBEKTOB CTENEHb IOBPEXKICHUS, TOJydeHHAss B PE3YJIbTaTe BU3YaJIbHOTO
ocMoTpa, coctasister 100 % (Tabm. 1).
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Tabruya 1

IToBpexaennblie 00beKTHI IPHPOIHO-3aTI0BEIHOT0 (hoHIa
Ctann4yHo-JIyraHcKoro J1ecoOX0THHYBHEro Xo3siicTBa

HasBanne OOmast ITnomans CreneHn
MTOBPEXKICHHOTO 00BEKTA IUTOIIAb, Ta MOBPEXIEHUS, ra oBpexAeHus, %

HxTrosornueckuii 3aka3HuK
MECTHOT'O 3HAYEHUS 90 4,1 100
«JlepKyIbCKuii»

JlanamagTHBIN 3aKa3HUK

MecTHOro 3HaueHus «llapos 732 2 100
Ky»

3amoBegHOE YpOUHIIE 98 7.6 50
«ITecuanoe»

Uxrtnonornueckuii  3akasHuk  «Jlepkysibckuit» mpencraBiseT coOol  JieCHbIE
HacaxJaeHus B pycie p. Jepkyn, ¢ uccielnoBaHHOW IJomaabpio noBpexaenus 4,1 ra. B
nanqmadrHoM 3akasHuke «lllapoB Kyr», Ha TeppuTOpHH KOTOpOro MpeoOiafaoT
KOpEHHBIE 1yOO0BbIe, 1yOOBO-BS30BBIC M IPOU3BOJIHBIE WBOBBIE, OCOKOPEBBIE I OCHHOBBIE
neca, o0Imas IIomaab MOBPEXACHHUs cocTaBmia 2 ra. 3anoBeaHoe ypouniie «[lecuanoey,
MIPE/ICTABIISIONIEEe [IEHHOE BBICOKOIPOAYKTHBHOE HAaCAXIEHHUE COCHBI OOBIKHOBEHHOW B
Bo3pacte 80 JeT Ha MAJOTPOAYKTUBHBIX CYIIECUYaHBIX TIOYBAX BTOPOU OOPOBOI Teppackl p.
Cesepckmii Jloner (Arapov et al., 2013), okazamocs moBpexaeHo Ha 50 % ¢ mwIomagspo
HOBpeXJAeHHUA 72,6 ra. Bo Bcex NEPEUHCIEHHBIX CIydasX MOBPEkKACHUS IOIyYEHBI B
pe3ynbTaTe THPOTEHHOTO MPOLECCa, BO3HHUKILIETO BCJIEACTBHE MPOBEACHUS OOEBBIX
JIEHCTBUI HA 3TUX TEPPUTOPUSIX.

B CeBepomoHEIKOM JI€COOXOTHUYBEM XO3AHCTBE TOBPEXKACHHUSAM IOJIBEPIIINCH
naHamadTHeIe 3aKa3HUKKA MecTHOro 3HaueHHs: «HoBo3BaHOBCKMit», «bapcydbs Oankay u
JecHoi! 3aka3HuK «OpexoBas pouia». CTeneHb MOBPEXACHUS KaXI0T0 U3 MEePEeUHCICHHBIX
00bexToB coctaniseT 30 % ot ux Tepputopuu (Tad. 2).

Tabauya 2
IloBpe:xaeHHbIe 00bEKTHI NIPUPOAHO-32110BeIHOT0 GoHa
CeBepoI0HEIKOT0 J1eCO0XOTHHYbEro X03s1iicTBa
Ha3zBanne oBpexIeHHOTO OO0u1as wioniae, IInomans CreneHpb
o0BeKTa ra MOBPEKACHUS, Ta MOBpeXaeHHs, %
JlanamagTHBIN 3aKa3HUK
MECTHOI'O 3HAYEHHUS 209,8 209,8 35

«HoB03BaHOBCKHIN»

JlangmadTHBINA 3aKa3HAK
MECTHOT'O 3HAYEHUS 134,67 134,67 30
«bapcyubs Oanka»

JlecHol 3aKa3HUK MECTHOTO
3HaueHust «OpexoBas poria»

351,7 351,7 30

HoBo3BaHOBCKHil TaHAMIAdTHRIN 3aKa3HUK, SBISTIOIIUICS acCOUAIINCH JIECHOM, TyTOBOM
U CTEIHOH pacTUTENFHOCTH, ¢ o0mei tuomansio 209,8 ra, Osu1 OBpeskaeH Ha 35 % ot ero
o0mieil TeppuToprr. OTa TPHPOIHO-3aNOBEIHAS TEPPUTOPHUSI IO CTETICHH MOBPEKACHHS
OKazayach HarOoniee mocTpanasieii B CeBepoIOHEIIKOM JIECOOXOTHIYBEM XO3SHCTBE.

B mammmadtHOM 3akazHmke «bapcyups Oamka», — TpeacTaBiSOmas U3 ceds
OaiipauHbie Jjieca M YYacTKHA Pa3HOTPaBHO-THITYAKOBO-KOBBUIbHOW crermu (Arapov et al.,
2013), crenenp mnoBpexacHuss 30 % nHa obOmeit mwiomanu 134,67 ra. IloBpexaeHus
HAHECEHBI [10YKapaMy, BOSHUKIIUMH B pe3ysibTare OOCBbIX JCHCTBUIL, a TAKKe BCIIEICTBHE
B3PBIBOB OBLTH CIIOMaHBI JICPEBbsI, 00Pa30BAIMCH BOPOHKHU OT Pa3pHIBOB.
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JlecHomy 3aka3sHMKy «OpexoBas poma», KOTOPBIH TPEICTaBICH acconManueH
JIECHOM, JIYTOBOM M CTEIIHOM pacTUTEIbHOCTH, HAHECEHBI IIOBPEXACHUS B COOTHOILLIEHUU
30 % ot obmieii TuToImaaM 3aKa3HUKa, KoTopas coctapisier 351,7 ra.

BbIBOAbI

B pesynerate OoeBbIX neiictBuii B Jlyranckoii oOmacTé 3a JOBOJBHO KOPOTKHH
nepuoy ¢ cepenunbl 2014 no navana 2015 roga, TOIBKO MO HAIIMM HCCIEAOBAHUSAM, OBLIO
yHHuTOXKeHo 260,4 ra mpupoaHo-3anoBegHOro (oHAa o0NACTH, YTO B CBOKO O4YEpedb
roOBOpUT 06 OYC€Hb HWHTCHCHUBHBLIX TCEMIIAX WX YHHUUTOXKCHUA. C YUYE€TOM CJIOKHOCTH
NIPOM3pacTaHusl JIECHBIX MacCHBOB Ha JTOW TEPPUTOPUM M OOpa30BaHMS <«JTYHHOT'O»
naHamadra fanpHelInee nX BOCCTAHOBJICHHE SIBIISICTCS KpaifHe 3aTpyAHUTEIBHBIM.

Ha pgaHHBII MOMEHT TOBOPUTH O TIOJNHOI OIEHKE ylepda IOBpPEKACHUN
6uoreornieno3am B 30He mposenaeHuss ATO eme paHo W KpaifHe 3aTpyAHHUTENBHO, IOKA
MIOJTHOCTBIO HE MpEKpaIleHbl 0OeBble NEUCTBHSA M HE obecreyeH Oe30MacHBId JOCTYyIN K
3THM o0ObekTaM. Ho mpeaBapurTenbHbIC AAaHHBIE TOBOPSAT O KPUTHUECKHX TEMIax
YHUYTOXKEHUS] TPUPOAHO-3aMOBEIHOTO (OHIA M yXKe ceifuac HEeOoOXOAMMO IPUBIEKATH
0oJpIIIe BHUMAHHS U PECYPCOB K 3TOH IpobiIeMaTHke.
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PO METy, METONHMKY, DE3yJbTaTH, HAyKOBY HOBM3HY, HPAaKTH4YHY 3HAYMMICTb, KJIIOYOBI CJIOBA
(6-8 cmiB); ckopoueHi — yKpaiHCHKOIO Ta POCIHCHKOI0 MOBaMH, B SIKHX KOPOTKO OIMHCYIOTh Pe3yJIbTaTh
TOJIOBHI BUCHOBKH TIPOBEJICHUX JOCIIIKEHB, KIIIOUOBI clioBa (68 ciiB);

® OCHOBHHI TEKCT CTATTi OBHHEH MICTHTH TaKi po3ainu: Berym; Martepianu Ta METOAN TOCIi-
JKeHb; Pe3ynbTarti Ta ix o6ropopentsi; BucHoBku; CIiCOK BUKOPUCTAHOT JIITEPaTypH.

Tabmumi moBuHHI OyTH MpPOHyMEpOBaHI BiAMOBIAHO IO 3MICTy cTarTi. JlaTH Ha3By 0 KOXKHOL
tabmuui. CTaTHCTHYHA Ta iHIIA JeTani3alis HaBOIAThC min Tabmuiero. TaOnu4Hi MaTepianu marory-
BaTH y TabmmuHoMy penakropi Word 2003, 2007.

PucyHKH HyMepyIOTb y MOpSAKY iX 0OTOBOPEHHS B TEKCTi. YHH3Y PHUCYHKA yKa3aTd HOro HasBy.
PucyHku 10 cTaTTi MOBMHHI MaTH OKpPEMY KOIIIIO B €IEKTPOHHOMY BHUTJLAI. [liarpamu Ta rpadiku ciig
BUKOHYBatH y nakerax Excel, Statistica, cxemn —y makerti Visio Ta 30epiratu y ¢popmaTax ux nporpam
okpeMuMu (aitnamu (Hanpukiaazn, petrov_risl). Halikpamummu i ckaHOBaHUX 300paxeHb € (popMaTu
taitni TIFF, JPEG, EMF. VYci enemMeHTH TeKCTY y 300pakeHHX (rpadikax, Jiarpamax, cxemax), siKIo
1Ie MOKJIUBO, TTOBUHHI MaTH rapaitypy Times New Roman a6o Times New Roman Cyr (B okpemux
Bunakax Courier). Koxxte 300pakensst 30epiraiite B okpemoMy 00’ €kTi. 300pa)keHHsI ITiciIsi CKaHyBaH-
HsI TIPY PO3PYKYBaHHI TIOBUHHO OYTH YiTKKUM, HE TiPIIUM 32 YiTKICTh OCHOBHOTO TEKCTY.

® [OJSIKU NPH HEOOXIAHOCTI MONAIOTHCS HATIPUKIHI[ CTATTi MEepes CIHUCKOM BUKOPHCTAHOT Jii-
TepaTypy;
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®  CIIMCOK BHKOPHCTaHOI Jiiteparypu. [ocuiiaHHs Ha JiTepaTypHi JuKkepena Cilijl [oaBaTy B Ha-
MiBKPYIIIHX JyXKKax i3 3a3HAYCHHSM MPi3BHILA UTOBAHOTO aBTopa (abo Ha3BH /pKepena, SKIIO aBTOPiB
OLNBII HIX TPH) Ta POKY BUAAHHS. Y CIIHCKY BUKOPUCTAHHUX [DKEPEJ KOXKHE YKPaiHOMOBHE YU POCIHCh-
KOMOBHE JDKEPEJIO CIIiJl II0JJaBaT! TPAHCIIITePaLi€lo aHMIIICBKUMH JIITEpaMH 13 3a3HAUCHHSIM Y KBaapaT-
HHX Jy’KKaX MepeKiasy aHrJTiHChKO MOBOIO, @ TAKOXK y HAIMBKPYIJIMX JYXKKax — OPUTIHAIBHY MOBY
JpKepera;

® KHM 3 WICHIB PeAAKLiifHOI KOJIerii peKOMEHIOBAaHO CTATTIO IO ITyOiKarii.

5. OxpeMo MOAAIoThCsS BiIOMOCTI PO aBTOPIB B €IEKTPOHHOMY BHUIVISIII, sIKi MIiCTATH iH(pOpMa-
Lif0 MPO Tpi3BHUIIE, iM’sl Ta MO0 OATHKOBI TOBHICTIO, HAYKOBHM CTYIiHb, BYEHE 3BaHH:, Micle pobOTH
(moBHa Ta CKOpOYeHa Ha3Ba Opraizalii), mocazxa, MiCTO, KpaiHa, KOHTaKTHI TeJe()OHH Ta EIeKTPOHHA
THOLITA) YKPAIHCHKOIO, POCIHCHKOO Ta aHTIHHCHKOK MOBAMH.

6. IIpu moBepHEHHI CTATTi HA JOOIMPAIFOBAHHS aBTOpP 3000B’s3aHUII ypaxyBaTH BCi 3ayBa)KCHHS
penakTopa i HagicnaTy BUIPaBICHI Ta epeApyKoBaHi MaTepiaiy Ha aJpecy pedakiiiHoi Koerii B yka-
3aHuit TepMid. CTaTTi, MOBEPHYTI MiC/Is JOOMPALIOBAHHS Mi3HILIE HDK uepe3 3 Micslli, pO3risaaloThCs
SIK HOBI HaJIXO/PKCHH.

INopmani Matepianu He moBepTarOThCs. Penakiis 30epirae 3a co00r0 NPaBoO BUIPABISITH Ta CKOPO-
YyBaTH TEKCT, a TAKOXK ITOBEPTATH PYKOIMC Ha JOONPALFOBAHHS y pas3i HEJOTPHMAHHS HAaBEICHHUX BUILEC
HPaBHIL

BiamoBigaipHICTh 32 3MICT MOIAHUX MaTEPialiB HECYTh aBTOPH.

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



HayxoBuii ;xypHan

EKOJIOTI'TA TA HOOC®EPOJIOT'TA
2015. T. 26, Ne 1-2

YKpalHCHKOIO, POCIHCHKOIO Ta aHIIIIHCHKOK MOBAMH

Racnosnuku:

JIHITIPOITETPOBCHKHUI HALIIOHAJIbHUI YHIBEPCUTET im. O. TOHUAPA,
TOB «ATEHTCTBO «TEJIEITPECIHO®OPM»

Cainonrso npo aepxxaBHy peectpauito KB Ne 21139-10939 I1P Bix 19.01.15 p.

JlirepatypHe penaryBanHs Ta kopekrypa — A. O. UepHeHKO
XynoxXHBO-TeXHIUHE 0(hOpMIIEHHS Ta KOMIT I0TepHa BepcTka — B. A. I'op6anp

[Tiamucano go npyky 06.07.2015 p. @opmar 70x108 1/16. [Tamip odceTHwmii.
Hpyxk mnockuid. ['apritypa Times New Roman. YMoBH. npyk. apk. 28.
3amoBiieHHs Ne . Tupax 100 mpum.




	TITUL.pdf
	Zvorot_titula-NEW555.pdf
	Zmist1115555555555555.pdf
	TO AUTHORS’ ATTENTION   130
	ДО УВАГИ АВТОРІВ   131  

	01Bogovin.pdf
	02Shanda.pdf
	03Zaytseva.pdf
	Температура , ºС
	Сума опадів, мм
	Поставлене завдання ускладнюється тим, що значення температури повітря (t, ºС) і кількості опадів (W, мм) під час спостережень в умовах польового досліду змінювалися випадково. Ці обставини обмежують застосування звичайних емпірико-статистичних методів для оцінки впливу t і W внаслідок таких причин, як різна спрямованість впливу одного з факторів на коефіцієнт кореляції з іншим фактором; неможливість проведення двохфакторного експерименту у контрольованих модельних дослідах з деревно-чагарниковими рослинами; неоднозначність рішень при регресійному аналізі, для чого виникає необхідність графічної інтерпретації функції двох змінних у трьохмірному просторі.
	A. pseudoplatanus
	A. campestre


	04Samchuk.pdf
	05Moskalets.pdf
	06Krokhmal.pdf
	07Blinkova.pdf
	08Buzhdygan.pdf
	09Mustafaeva.pdf
	10Ushakova-st.pdf
	11Shekhovtseva.pdf
	12Moroz.pdf
	13Likholat.pdf
	Boucher, B. A. et al., 2012. Intake of phytoestrogen foods and supplements among women recently diagnosed with breast cancer in Ontario, Canada  Prevention and Cancer Control,  4 (3), 95–107.
	Bouwens, C. S. et al., 2011. Influence of genetic factors on the development of breast cancer in the older woman, Reprod. Toxicology, 3, 302–311.
	Lowry, O. H., Rosenbrough, N. J., Farr, A. L., 1951. Protein masurement with the Folin phenol reagent,  J. Biol.Chem.,  193, 265–269.
	Owens, W. I., Belcher, R. V., 1965. A colorimetric micro-method for determination of glutathione, Biochem.,  94 (3), 705–711.
	Pereslegina, I. A., 1989. Aktivnost’ antioksidantnych fermentov slyuny zdorovych detey [The activity of antioxidant enzymes saliva of healthy children], Lab. Delo, 11, 20–23 (in Russian). 

	14Tarakhkalo.pdf
	LAST.pdf
	TO_ATTENTION (1).pdf
	13Likholat.pdf
	Boucher, B. A. et al., 2012. Intake of phytoestrogen foods and supplements among women recently diagnosed with breast cancer in Ontario, Canada  Prevention and Cancer Control,  4 (3), 95–107. 
	Bouwens, C. S. et al., 2011. Influence of genetic factors on the development of breast cancer in the older woman, Reprod. Toxicology, 3, 302–311. 
	Lowry, O. H., Rosenbrough, N. J., Farr, A. L., 1951. Protein masurement with the Folin phenol reagent,  J. Biol.Chem.,  193, 265–269. 
	Owens, W. I., Belcher, R. V., 1965.  A colorimetric micro-method for determination of glutathione, Biochem.,  94 (3), 705–711. 
	Pereslegina, I. A., 1989. Aktivnost’ antioksidantnych fermentov slyuny zdorovych detey [The activity of antioxidant enzymes saliva of healthy children], Lab. Delo, 11, 20–23 (in Russian).  



Науковий журнал

ЕКОЛОГІЯ ТА НООСФЕРОЛОГІЯ


2015. Т. 26, № 1–2

Українською, російською та англійською мовами


Засновники:


ДНІПРОПЕТРОВСЬКИЙ НАЦІОНАЛЬНИЙ УНІВЕРСИТЕТ ім. О. ГОНЧАРА,

ТОВ «АГЕНТСТВО «ТЕЛЕПРЕСІНФОРМ»

Свідоцтво про державну реєстрацію КВ № 21139-10939 ПР від 19.01.15 р.

Літературне редагування та коректура – А. О. Черненко

Художньо-технічне оформлення та комп’ютерна верстка – В. А. Горбань




Підписано до друку 06.07.2015 р. Формат 70×108 1/16. Папір офсетний.


Друк плоский. Гарнітура Times New Roman. Умовн. друк. арк. 28.


Замовлення №         . Тираж 100 прим.













