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Abstract. The increase of anthropogenic pollution in urboecosystem leads to degradation of
woody vegetation that adversely affects the functioning of the protective green space. The impact of
anthropogenic loading is shown by change of a series of physiological and biochemical processes and
the formation of adaptive mechanisms in plants. The ability of plants to respond appropriately to
external stimuli is a necessary condition of their existence and adaptation to environmental
conditions. Metabolic reorganization in plant cells that occur in response to exogenous pollutants
plays a major role in determining their resistance to adverse factors. As the body adapts within
genetically inherited norms reactions, its ability to withstand fluctuations in environmental factors is
determined by individual ecological potency.

One of the most sensitive species to anthropogenic pollution is small-leaved linden (Tilia
cordata Mill.), which is widely presented in dendroflora of Ukraine cities. Analysis of the species
metabolic characteristics in terms of urbanized environment and the assessment of the prospects of
identified changes using in practice bioindication research is the goal of this work.

One of the central components of plant metabolism is protein metabolism. In terms of all local
ecotypes of the studied urboecosystem a statistically significant change in the content of total nitrogen and
protein in small-leaved linden leaf plates to control was observed. Reducing the concentration of total
nitrogen and protein in species leaves is in accordance with the degree of urbotechnogenic pressure
enhancement in the next different-functional landscape city zones: the area of the integrated landscaping —
the area of the house-building complex — the area of transport routes — the area of industrial complexes.

Carbohydrate metabolism in plants under stressful conditions changes towards accumulation of
soluble sugars, which takes place in local ecotypes of Ivano-Frankivsk urboecosystem. The content of
the above-mentioned substances in lime leaves increases from 4.6 % in the area of integrated
landscaping to 23.8 % in the area of industrial complexes, compared to the background territory. The
content of mineral elements in 7ilia cordata leaves within the city ranges from 119 mg/g in the area
of the integrated landscaping up to 159 mg/g in the area of industrial complexes, respectively, 1.5—
2 times higher than the figure on the background area.

Fall of starch concentration in the small-leaved leaves is in accordance with the level of
anthropogenic impact intensification in the local city ecotypes, ranging from 1.2 times in the area of
integrated landscaping to 1.6 times in the area of industrial complexes. Reducing the polysaccharide
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amount in plant’s assimilation organs is caused by inhibition of photosynthesis and the activity of
enzymes that control its metabolism.

In terms of urboecosystem the close correlation relationships were set between the vast
majority of the analyzed organic and mineral components of small-leaved linden leaves. The presence
of water-soluble carbohydrates in leaves significantly correlated directly proportional with the content
of mineral elements and inversely proportional to the number of nitrogenous compounds and
polysaccharides. Accumulation of ash by lime leaves adversely affects the synthesis of proteins,
starch and cellulose accumulation and stimulates the formation of lipids, which clearly reflects
environmental urbotechnogenic pressure and formation of defensive reactions in plants. Nitrogenous
compounds are formed in close direct connection with polysaccharides and at the same time have an
inverse correlation with the parameters of the fat-like substances content in the species leaf plates.
Positive dependence was found between the cellulose and starch content in assimilative organs,
accurate feedback was established between the synthesis of starch and lipids. Fat-like compounds
metabolism is associated by weak positive relationship with the content of water soluble
carbohydrates in leaves, but is not correlated with cellulose tissues content.

Given the informative content of the main parameters of mineral and organic components of
Tilia cordata leaves and species sensitivity to anthropogenic pollution, it is rational to use it as
bioindicator in assessing the ecological condition of urbanized territories.

Keywords: Tilia cordata Mill., metabolic characteristics, adaptation, urbanized environment,
bioindication.
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METABOJIMYECKUE OCOBEHHOCTU AOANTALIUU NUNbI
CEPOLUEJNIMCTHOMU (TILIA CORDATA MILL.) B YCITOBUAX YPBEOCPE[bI

HccnenoBanbl  MeTabOMMYECKHE OCOOCHHOCTH aalTallid JIUMbI CEPACITUCTHON K YCIOBHSAM
ypOaHU3UPOBAHHOM Cpenpl. YCTAHOBICHO BIMSIHME AHTPOIOIEHHOTO 3arps3HEHHs HA COACpIKAaHUE
OCHOBHBIX OPraHMYECKMX H MHHEPAJIbHBIX KOMIIOHCHTOB ACCHMHILILMOHHOIO afmapara pacTeHHUSL
BrisBneHBI CBS3M MEXIy HCCIENyeMBIMH TapaMeTpaMd oOMeHa BemlecTB Buaa. (OOOcHOBaHA
MEePCIIeKTUBHOCTD UCoNb30Banust Tilia cordata xak GMOMHIUKATOPa B MOHUTOPHUHIOBBIX HCCIICIOBAHHSIX
JUTSL OLICHKH COCTOSTHHUS OKPYIKAIOIICH CPE/Ibl B YCIOBHUSX YPOOTEXHOTCHHOM HATPY3KH.

Knrouesvie cnoea: Tilia cordata Mill, memabonuueckue ocobennocmu, adanmayus,
ypbocpeoda, buouHOUKayusl.

VK 504.054:581.52 H. 1. T'nidoBuubKAa
B. 1. [Tapnan I-p 0ioJt. HayK, mpod.

THpuxapnamcokuti Hayionanvruil yHisepcumem im. B. Cmeganuxa,
eyn. lllesuenxa, 57, 76018, m. leano-Dpanxiscovk, Yrpaina,
men.: +38097-985-94-88, e-mail: nataly.glibovytska@gmail.com

METABOJIYHI OCOBNUBOCTI ADANTALLII IUNU CEPLIENUCTOI
(TILIA CORDATA MILL.) B YMOBAX YPBEOCEPENOBULLA

JocnimpkeHo MeTabosiuHi 0coGIMBOCTI aanTail MU CepLEIUCTol 10 YMOB ypOaHi30BaHOTO
cepenoBuia. BcTaHOBJICHO BIUIMB aHTPOIIOTCHHOTO 3a0pY/JHCHHS Ha BMICT OCHOBHHX OPraHidYHHUX Ta
MiHEpaJbHUX KOMIIOHEHTIB AaCHMUBILIMHOrO amapaTy pOCIMHH. BHsBIEGHO 3B’SI3KH  MiXK
JOCHI/UKYBaHUMH — [apaMeTpamMu OOMiHy pedoBuH Buay. OOIpyHTOBaHO IEPCHEKTHUBHICTD
BUKOpUCTaHHA Tilia cordata sk 6ioiHOMKATOpa B MOHITOPHHIOBUX TOCTIKEHHSX UL OL[IHKH CTaHY
JOBKILISI B yMOBaX yPOOTEXHOTCHHOTO HABAHTAXKCHHSL.

Knrwuoei cnosa: Tilia cordata Mill., memaboniuni ocobnusocmi, adanmayis, ypoocepedosuuye,
bioinoukayis.
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BCTYN

3pocTaHHs aHTPOIIOTCHHOTO 3a0pYAHEHHS JOBKL/LIA B ypOOEKOCHCTEMaX MPU3BOANUTE
JIO TIOTIPIICHHS CTaHy JEPEeBHOI POCIMHHOCTI, IO HEraTHMBHO BiIOOpaXaeThCcsl Ha
(yHKIIIOHYBaHHI 3aXMCHUX 3elIcHUX HacapkeHb (Bessonova and Yusypiva, 2001; Yusypiva
and Koval, 2012). BB TeXHOr€HHOTO HaBaHTAXXCHHS IPOSBISETHCS 3MIHOIO HU3KU
¢i3i0710r0-010XIMIYHUX TPOLIECiB Ta POPMYBAaHHIM IPUCTOCYBATBHO-3aXUCHUX MEXaHI3MiB
y pociuH (Parpan and Mylen’ka, 2009; Piskova and Grishko, 2010). 3gatHicTh pociuH
pearyBaTtd BIINOBITHMM YHHOM Ha 30BHIIIHI BIUIMBH € HEOOXiTHOK YMOBOKO IXHBOTO
iCHyBaHHS Ta ajanTaiii 10 yMoB noBKiuts (Zaitseva and Dolgova, 2012).

MertabomniuHi iepeOyIoBH B POCIMHHUX KIITHHAX, SIKi BUHUKAIOTH y BiANOBiOh Ha
JII0 €K30TeHHUX IIOJIFOTAHTIB, BiAIrparoTh TOJOBHY POJIb y BH3HAUEHHI IX CTiliKoCTi IO
HecripusTauBux 4ynHHEKIB (Ivanchenko, 2006; Sakalo and Marchenko, 2009). Ockinbku
OpraHi3M aJIaNTyeThCA B MEKaxX 'EHETHYHO YCIAAKOBAaHMX HOPM peakiiid, Horo 3maTHICTh
BUTPUMYBATH KOJIMBaHHS (haKTOPIiB 30BHIIIHHOTO CEPEOBHIIA BU3HAYCHA 1H MBIy aIbHOIO
ekoJtoriyHoro moteHuiero (Gnativ, 2003).

OpHUM 13 HaWOLIBII YYTJIMBUX /O aHTPOIIOTEHHOTrO 3a0pyAHEHHS BUJIB € JIUIA
cepuenucta (Tilia cordata Mill.), sika mMpoKo npencTaBieHa y JeHapodiopi Mict Ykpaiau
(Sovakova, 2013). Anamni3z MetaboniuHHX 0COONMBOCTEH BHUAY B yMOBax ypOaHi30BaHOTO
CepelloBHIIa Ta OLIHKA MEpPCIEeKTHBH BHKOPUCTAHHS BHSABICHUX 3MiH Yy MPaKTHI
Oil0iHANKAIHHUX JOCIIIKEHb € METOIO TaHOi POOOTH.

MATEPIANU TA METOOU OOCNIMKEHDb

HocnimkeHHss TpoBOOWIMCh B IBaHO-DpaHKIBCHKiIH — ypOOeKOCcHCTeMi, — sKa
po3tamoBaHa y Mexupiudi buctpuiii ConotBuHChKOi Ta buctpumi HanBipHsSHCEKOT Ha
Mmexi 3axigaoro Jlicocremy i [Tpukapmarrs.

3a npuHIMIOM naHAmapTHO-QyHKIIIOHAIEHOTO 30HYBaHHS Tepurtopii (Parpan and
Mylen’ka, 2010), mast gochijkyBaHoi ypOOEKOCHCTEMH PO3pPOOJIEHO MOHITOPHHIOBY
MEpEexy, 3TiJTHO 3 SKOI0 BHIUICHO AOCIIIHI AUISHKY, 1110 HAJIEXATh JI0 30HU TPAHCIIOPTHUX
NUIAX1B, 30HH MPOMHUCIIOBHX KOMITJICKCIB, 30HH JKUTIIOBOI 3a0yI0BU Ta 30HH KOMILICKCHOTO
o3eneHeHHs. SIk (DOHOBY 0OOpaHO YMOBHO EKOJIOTIYHO YHCTY TEPUTOPII0 — ypOYHMILE
Jem’sniB Jla3, po3ramoBaHy 3a MeKaMy MicTa.

Ha 3a3HauyeHMX  MOHITOPMHIOBHMX  JAUIIHKAaX  3MIHCHEHO  OIIHKY  BIUIUBY
ypOOTEXHOTEHHUX YHMHHHMKIB Ha BMICT OCHOBHMX OpraHiYHMX Ta MiHEpaJbHUX
KOMIIOHEHTIB Y JIUCTKAaX JIUIU CEPLETUCTOI.

3pa3ku pOCIMHHOTO MaTepiay BiqOMpalii 3 MiIBITPIHOTO OOKY JepeBa B spycax 3a
OJTHOTO TIOPSIIKY Tay)KEHHs y NepioJ 3aBepLICHHs IOBHOTO PO3BUTKY (CEPIICHb-BEPECEHb)
acuMinsiwiitaol cucremu (Parpan and Mylen’ka, 2009).

KonmnenTpaltlito 3aralrsHOr0 HITPOTeHY Ta OUIKIB B JIMCTKOBHX IUTACTHHKAX BH3HAYAIN
npuckopeHuM Mikpomeroqom K’enpnans (State Standard 13496.4-93, 1996). Kinbkicue
BU3HAYCHHS BMICTY BOJIOPO3UYMHHHUX BYIJIEBOAIB 3.iiicHIOBaM MeTonoM J{ro0ya (Turkyna
and Sokolova, 1971). 30/bHICTE CYyX01 pEUOBHHH JIMCTKIB BU3HAUaIU 3a MetomoM X. M. ITo-
ynHOK (Pochynok, 1976). JlociimkeHHs BMICTY UENIONIO3H B JIMCTKaX BUKOHYBAIH
meronoMm [ennebepr i Illtomana (State Standard 13496.2-91, 1996), kpoxmamio —
koiopuMeTpuaHuM MetogoM (Panova and Schogolev, 2010). Bmict mimigis Bu3Havam
BiJIIOBiTHO /10 arpoboBaHmx MeToauk (State Standard 13496.15-97, 1996).

Ha opmHy nocimigHy JAUITHKY NpPOBOJMJIM BH3HAYCHHS KOXXHOIO Mapamerpa y
TPUKpaTHIi ITOBTOPHOCTI, IPU LBOMY aHaJi3yBaJH 3—5 JAepeB BULY.

MaremaTnuHy OOpoOKYy  pe3ysibTaTiB TNPOBOAWIM  BapiallifHO-CTaTUCTUIHUM
MeToZoM. JIOCTOBIpHICTP BIAMIHHOCTI OJEP)KAaHUX EKCIICPHUMEHTANbHUX JaHUX 13
KOHTPOJFHUMH OIIHIOBAJH 3a IomoMoroio t-kpurepito CtpromeHTa. HynpoBy rimoresy
Bigkuganu npu P<0,05. Bci po3paxyHku npoBoauiu 3a gornomororo peaakropa MS Excel
2007 ta mporpamHoro nakera Statistica 6,0.
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PE3YNbTATU TA IX OBrOBOPEHHH

OnHi€ro 3 EHTPAILHUX JIAHOK MeTa0oJ1i3My pociuH € OiikoBuit 0oMiH (Tyshchenko,
2012). Pi3HOMaHITHI HeCHpUSTIMBI (AKTOPH JMOBKULISL TPHU3BOJASATH JO NPUTHIUCHHS
CHHTE3Y OIJIKIB, 5IKi € B HOPMI, Ta YTBOPEHHS CrIelU(DIYHNX CTPECOBHUX OLIIKIB, XapaKTEpPHUX
JUTSL BiIIOBIIi Ha ir0 KoHKpeTHOoro ynHHUKA (Kosakivska and Holov'yanko, 2007).

B ymoBax nocnipKeHuX JIOKaJIbHUX €KOTOIIB [BaHO-DpaHKIBChKOT ypOOoeKocucTeMu
CIOCTEpIraeThesl CTATUCTUYHO JOCTOBIpHA 3MiHA BMICTY 3arajbHOTO HITPOT€HY Ta OIKIB y
JUCTKOBUX IUIACTHHKAX JIMIA CEPIENHCTOI MO0 KOHTpomo (Tabm. 1). 3MeHIIeHHS
KOHIICHTpAIIii 3arajlbHOTO HITPOTeHY Ta OIKIB y NUCTKaX BUAY BiIOYBAa€THCS BIAIOBITHO
JI0 MOCHJICHHS CTYIEHs YpOOTEXHOT€HHOTO MPECHHIY B HACTYIMHOMY psiai JaHAmagTHO-
(hyHKIIOHATFHUX 30H MICTa: 30HA KOMIUICKCHOTO O3€JIEHEHHSI — 30Ha JKUTIOBOI 3a0yI0BH
— 30Ha TPAHCIIOPTHUX LIIAXiB — 30HA NPOMHCIOBUX KOMILIEKCIB.

Tabnuys 1

BMicT 0cHOBHHUX OpraHiyHuX i MiHepaJbLHUX KOMIIOHEHTIB y uctkax Tilia cordata Mill.
B YMOBaX pi3HOQYHKIiOHAIBHNX 30H IBaHO-DpaHKiBcbKOT ypOoekocucTeMH (MI/T CyXoi MacH)

30Ha JOCIiKEHHS
JocnimxyBani Dorosa 3oHa 3oHa 3oHa 3oHa
rnapamMeTpu . HpOMI/ICJ'IOBI/IX JKATIIOBO1 TpaHCHopTHI/IX KOMIIJICKCHOT'O
TEPUTOPIS . .
KOMIIJICKCIB 336y,710BI/I UIAX1B 03CJIICHCHHSA
3ona 79+0,6 159+13,3* 139+13,7* 138+14,8* 119+48,1%*
Saram:Hui 30,840,8 22,8+1,5% 25,6+1,7* 23,542,1* 27,3+1,3*
HITPOTECH
Binku 192,7+1,1 142,249,1%  159,7410,4*  147,1+12,9% 170,5+7,8*
Bonoposumhii -y 350,000 1 681£0,03%  1,669£0,01%  1,676+0,02* 1,420+0,14
ByFJICBO,HPI
Kpoxmanb 19,740,12  12,69+1,93*  1538+1,15%  15,03+0,79* 16,03+1,99
Lemonosa 135,042,0 116,7+6,1* 98,0+3,3* 115,4+5,7* 131,244,1
Jlinigu 79,02,0 119+4,2% 85,1+4,0 93,2+1,8% 104,8+5,7*

IIpumirka: * — BiAMIHHOCTI 3 KOHTpOJIeM gocToBipHi pu P < 0,05.

3a yMOBH aHTPOIIOTEHHOTO 3a0pyJHEHHS JOBKIJUIS BENHWKE 3HAYCHHS y (hOpMyBaHHI
a/IalTHBHOTO TIOTEHIIaJly POCIMH HAJISKUTh BOJOPO3YMHHHUM BYIJIEBOJAM, (QYHKIIT SKUX
OB’ sI3aHi 3 HEWTpali3ali€lo BUIbHUX PaIMKalliB, METa0OIIYHOIO IETOKCHKAIIIE0, 3aXUCTOM
O1IKOBO-JTIMITHIX KOMIUICKCIB KIITHH y pa3i 3HeBogHeHHs (Molotkovskyy and Zhestova,
1964; Kulagin, 1974; Pharr, 1995; Sakalo and Marchenko, 2009; Chernikova, 2009).
ByrneBoguuii 0OMiH pPOCIMH Yy CTPECOBHX YMOBaxX 3MIHIOETbCS B OiK HAKONMYCHHS
BOJIOPO3YMHHUX IYKpiB (Brown, 1972; Bessonova and Pryymak, 2006), mo mae miciie B
yMOBax pi3HOQYHKIIOHATBHUX 30H ypOoekocuctemMu IBaHo-®pankiBchka. Bmict Buie
3a3HaYCHHUX PEUOBHMH y JIMCTKaX JIMIH 3pocTac Bix 4,6 % y 30HI KOMIUIEKCHOTO O3€JICHEHHS
mo 23,8 % y 30HI IPOMHCIOBHX KOMIUIEKCIB, TOPIBHSHO 3 (DOHOBOIO TEPHUTOPIEIO.
PesynpraTs cBig4aTh MPO YYTIHMBICTH BYTJIEBOJAHOTO OOMIHY O MiHEPaIbHOTO JKUBICHHS
BHIY, OCKUIBKH CIOCTEpIraeThCS TEHAEHINSI JO HArpoOMa/DKCHHS IYKPIB y JHCTKOBOMY
amapaTi BiAMOBIOHO O IMiIBUIICHHS YaCTKH 30JIM Y HbOMY. BMICT 30JIbHUX €JIEMEHTIB y
muctkax Tilia cordata B Mexax MicTa KOJIMBaeThes BiJ 119 MI/r y 30HI KOMIUIEKCHOTO
03eJICHeHHS 10 159 MI/T y 30HI MPOMHUCIIOBUX KOMIUIEKCIB, 1110, BiAMOBiAHO, ¥ 1,5—2 pa3u
MepEeBHIIYE JaHUH OKA3HUK Ha (OHOBIH TepuTOopii.

3rigno 3 miteparypanmu nanumu (Kucheryavyi, 2001), numna Hanexutb 10 AepeB
JKUPOBOTO THITY, B SKHX BOCEHHM KPOXMajb y BEre€TaTHBHUX OpraHax HEepEeTBOPIOETHCS
NepeBayKHO Ha >KMPOBi Macia. B ymoBax ycix nanamadTHO-QyHKIiOHANEHUX 30H [BaHO-
®pankiBcbkoi ypOoekocucTeMr Ha ()OHI 3HIDKCHHS BMICTY KPOXMAIIIO Y JIHCTKOBHX
IUTACTUHKAX JIMIKA CEPIENUCTOI CIOCTEPITaeThCs 3POCTaHHSA BMICTY imimiB. IlaminHs
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KOHIICHTpAIlil TOJicaxapuay B JUCTKaX BUAY BiIOYBaeThCcS BiANOBITHO IO TOCHICHHS
PiBHS aHTPOIIOTEHHOTO HABAHTA)KEHHS B JIOKATBHUX €KOTOMAX MicTa i CTAaHOBHUTH Bix 1,2
pa3iB y 30HI KOMIUIEKCHOTO O3eJIeHeHHS 10 1,6 pa3iB y 30HI MPOMHCIOBHX KOMILIEKCIB.
3HIKCHHS KUTBKOCTI KPOXMall0 B AaCHUMUIAMIHHHUX OpraHax pOCIHH BHKJIAKAaHE
iHriOyBaHHSAM TpoIeciB (JOTOCHHTE3Y Ta aKTUBHOCTI (PEpPMEHTIB, 1110 KOHTPOJIOIOTH HOTO
MeTaboizm (Bessonova, 2011).

®dopMyBaHHS MEHII IIEFOI030MICTKUX JHCTKIB Tilia cordata i 3pocTaHHs BMICTY B
HUX JIIITB CBIIYUTH PO BIUTUB KCEPO(DITHIX YMOB CEPEIIOBHINA MICTa 1 alaNTallilo BUILY
[IJISIXOM JIOJIATKOBOI KYTHHI3aIlil TOKPUBHUX TKaHWH JHUCTKIB (Gnativ, 2003).

B ymoBax ypOOSKOCHCTEMH BCTAHOBJICHO HAasBHICTH TICHHX KOpPEIALIHHHUX
B3a€MO3B’S3KIB MK IIEPEBKHOIO OUTBIIICTIO TMMPOAHANi30BaHWX OpraHiYHUX Ta
MiHepaTbHUX KOMIOHEHTIB JTHCTKIB Tilia cordata (Tabdm. 2).

Tabnuys 2

Kopeasuiiini 3ane:xHocTi Mick okpeMumMu MeTadoaiunnmu noxasuukamu Tilia cordata Mill.
B YMOBax yp6oekocuctemu IBano-®pankiBcbka

Koedimient kopensmii, r
Hapaverpu 3ona 3a.raHBHHH Binku Kpoxmaip Llenrono3a Jliniou
HITPOI'€H
3aramsmuit 0,97 - X X X X
HiTporeH
Binku 0,97 1,00 - X X X
Bonopostummi ) ) 0,92 0,92 0,83 0,85 0,34
BYTJICBOOU
Kpoxmainp -0,99 0,95 0,96 - X X
Lemrono3a -0,69 0,62 0,62 0,56 - X
JTirtiy 0,68 0,64 0,65 0,80 0,02 -

[pucyTHicTh y JHCTKaX BHIY BOJOPO3YMHHHMX BYIJICBOIIB JOCTOBIPHO HPSIMO
MPOTOPIIHHO KOPETIoE 3 BMICTOM 30JBbHHX €JEMEHTIB Ta OOCpPHEHO IPONOPIIHHO 3
KUTBKICTIO a30THCTHX CIONYK 1 mojicaxapuaiB. HarpomamkeHHS 307U JTUCTKAMHU JIUITH
HETaTHUBHO BIUIMBA€ Ha CHHTE3 OLKIB, aKyMYJIALII0 KPOXMAIIO 1 IENOJI03H Ta CTUMYITIOE
YTBOPEHHS JIMiAiB, OO SICKpaBO BimoOpakae ypOOTEXHOTCHHHIH THCK MOBKULIA Ta
(hopMyBaHHS TMPHCTOCYBAIBHO-3aXMCHUX PpEaKIid y POCIHMH. AB3OTHCTI CIIOJYKH
YTBOPIOIOTBCSL Yy TICHOMY MpSIMOMY 3B’SI3KYy 13 TIOJlicaxapuJamH 1 BOJHOYAC MAaloTh
00CpHEHY KOpEJSII0 3 MapaMeTpaMH BMICTY JKUPOMOIIOHHUX PCUOBHH Yy JIMCTKOBHX
IUIACTUHKAX JHIMU. [IO3UTHBHA 3aJICKHICTh BHSBIEHAa MDK BMICTOM Yy acHMUISIIHHUX
OpraHax BHAY LIEJIOJNO3H 1 KPOXMaJIio, JOCTOBIPHHUI 3BOPOTHHH 3B'I30K BCTAHOBJICHO MIX
CHHTE30M KpPOXMAJIIO Ta JIMiiB. MeTaboi3M UPONOAIOHNX CITOIYK IMOB'SI3aHUN CITaOKUM
NO3UTUBHUM 3B’SI3KOM 3 BMICTOM Y JIHCTKaX BOJOPO3YMHHHUX BYIJICBOMAIB, NPOTEC HE
KOPEJIIOE 13 MEMF0TI030MICTKICTIO TKaHHH.

BUCHOBKU

1. B ymoBax yp0aHi30BaHOTO CepeqOBHINA B JUCTKOBOMY amapati Tilia cordata
CIIOCTEPIraeThCs MOCWICHHS MPOIIECIB TiAPOII3y a30TUCTHX CIIONMYK Ta MOJIicaxapuiiB, IO
BiIOYyBa€TbCA TMPSIMO MPOMOPLIHHO O 3pOCTaHHSA TPadi€HTy aHTPOIIOTCHHOTO
HaBaHTa)KEHHs Ha €KOTOIIH.

2.KommneHcaTopHi MeTabosiuHi 1epedya0BH B OpraHi3Mi JIMIH CEpPLENHCTOl, 30KpemMa
aKTHBaIlisl TPOLECY CHHTE3Y BOJOPO3YMHHHMX BYIJIEBOJIB Ta JIMIAIB y JIMCTKOBUX
IUIACTUHKAaX POCIMH, € QaJanTUBHOI  BIANOBIJJIO  JOCIIDKYBAaHOTO BWAY Ha
TpaHc(opMOBaHi YMOBH CepelOBHIa iCHYBaHHS. YpOOTEXHOTeHHE 3a0pyTHEHHS JTOBKIILIS
MOOLUTI3ye MOMKJIMBOCTI POCIHH, MiJABUIIYIOYM iX CTIHKICTb Ta TPHUCTOCYBAaHHS [0
HaBKOJIMIIHBOTO CEPEAOBHIIA.
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3.BpaxoByroun iHGOPMATHBHICTH HapaMeTpiB BMICTY OCHOBHUX MiHEpalbHHX Ta
OpTraHiYHUX KOMIIOHEHTIB JUCTKIB 7ilia cordata i 9yTIuBICTH BHIY IO aHTPOIIOTCHHOTO
3a0pyAHEHHS, JOUIIBPHUM € HOro BUKOPHCTAHHS B SIKOCTI OioiHAWKaTOpa MpH 3MifICHEHHI
OLIIHKH €KOJIOT1YHOTO CTaHy ypOaHi30BaHUX TEPUTOPIH.
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