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Cepa B tuCTHSIX 7 BUIOB PACTEHHUI B OKPECTHOCTAX METHO-HUKEIEBOr0
npeanpusatud, Koabckuii mosiyoctpos

Kamymuna I'.M., JlurBunoBa T.U., KopooOeiinukosa H.M.
Honsaprno-anenutickuii 6omanuneckuii cao-uncmumym KHL] PAH, Anamumul, galina.kashulina@gmail.com

AnHOTanusi. B crartbe aHanM3upyeTcst pe3ysbTaThl ONPEEICHUs Cephbl B JIUCThSIX 7 BHIOB PAacTEHHH: uep-
uwuku (Vaccinium myrtillus), opycuuxu (Vaccinium vitis-idaea), Bopouuku (Empetrum hermaphroditum), 6epe3s
(Betula sp.), sl (Salix sp.), cocusl (Pinus friesiana) u enu (Picea obovata), mpon3pacTarofx OKOJI0 KPyIHEHIIe-
ro Ha Cesepe EBporbl nctounuka BeiopocoB SO, 1 THKENbIX METAIoB. Mcenenosanus moxkasany, 4To, HECMOTPS Ha
CTpecc U M30BITOK Cepbl B OKPYIKAOIIEH Cpejie, €€ KOHLEHTPAIMH B JIUCThIX B OOJBIIHHCTBE 00Pa3lloB BCEX BUIOB
pacTeHni OKOJIO UCTOYHHKA BEIOPOCOB OCTAIOTCS B IIpEJieiax eCTECTBEHHOTO BapbHpoBaHus. OHAKO CPaBHUTEIb-
HBIH aHAJIM3 YaCTOTHOTO PACHpe/ICNICHHs CBUAETEILCTBYIOT O TOM, YTO KOHIIEHTPALUH S B 30JI€ JIUCTHEB PACTCHUI
OKOJIO UCTOYHHKA BBIOPOCOB MOT'YT OBbITh, KAaK HE3HAYMTENHLHO TIOBBIIICHBI (€J1b, Oepe3a, UBa, COCHA), TaK U TIOHMKE-
HBI (BOPOHHKA, OpYCHHKA, YePHUKA) OTHOCUTENBHO (oHa. [Ipu 3TOM HANpaBICHHOCTh M CTEIIEHb U3MEHEHHUS SIBJISI-
FOTCSI BUJI CICU(DUIHBIMU U 3aBHUCST HE TOJIBKO OT YPOBHS 3arpsi3HEHMUS], HO M YPOBHSI IIOIOPOMS TI0UB 3KOTOIIA.

KJ1ioueBbie cJI0Ba: TUCThs PACTECHHIA, 30JIbHBIN aHAIN3, CEPa, IKCTPEMATILHOE 3arpsI3HEHUE, METHO-HUKEIIEBOE
MIPEANpPUSTHE.

Sulphur in leaves of 7 plant species in surroundings of the copper-nickel
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Abstract. The paper studies results of estimated sulphur concentrations in leaves of 7 plant species: birch
— Betula sp., willow — Salix sp., spruce — Picea obovata, pine — Pinus friesiana, blueberry — Vaccinium myrtillus,
crowberry — Empetrum hermaphoroditum and cowberry — Vaccinium vitis-ideaea nearby the Northern Europe’s
largest SO, and heavy metals emission source. The study has shown that, in spite of stress and sulphur excess in the
environment, S concentrations in leaves in most samples of all plant species near the source of emissions remain within
a natural variation range. However, the comparative analysis of frequency distribution suggests that the concentration
of S in ash of plants leaves around the emission source may be both slightly higher (birch, willow, spruce and pine)
and lower (blueberry, cowberry and crowberry) regarding the background. The reaction depends on plant species,
level of pollution, and soil fertility.

Key words: plant leaves, ash analysis, sulphur, extreme pollution, copper-nickel industrial complex.

BeedeHue

Kak u Bce KuBBIE OPraHU3MbI, PACTEHHUs B IPOLIECCE JKU3HEAEATEIBLHOCTH AKTUBHO PETYJIMPYIOT
CBOU XuMHUeCcKui coctas. [loTpebieHne 21eMeHTOB pacTeHUSMU SIBISCTCS BUJ ClICU(DUIHBIM U TEHETHU-
YyecKu 00yciioBiIeHHBIM. OJTHAKO KOHKPETHbIE YCIOBHS IPOU3PACTAHUS — KIIMMAT MECTHOCTH, TUIOI0POINE
[I0YB, YBJIAYKHEHHE U METEOPOJIOTHYECKHUE OCOOEHHOCTH BEreTallMOHHOI'O CE30HA TaKXKe CHOCOOHBI OKa-
3aTh BIMSHUE HA XUMHUYECKUI COCTaB paCTEHUH, 0OyCIOBIMBAs IOBOJIBHO IIMPOKOE BaPHbUPOBAHHE KOH-
LIEHTPAINI 2JIEMEHTOB B PACTEHUSIX B €CTECTBEHHBIX YCIOBHUSIX. BRIOPOCH IPOMBIIINIEHHBIX MTPEANPUITUN
MOTYT 3HAaYMTEIbHO U3MEHUTh yCIIOBUS MIPOU3pACcTaHus pacTeHus. Tak, B pe3ysbTare [UIMTEIbHOIO BO3-
JeiicTBUS BEIOPOCOB MEHO-HUKENEeBOro komOnHara « CeBepOHUKENb» — KpyIHeero Ha ceBepe EBpomnbl
MCTOYHHUKA BEIOPOCOB SO, M TSKEJBIX METAIIOB —, YCIIOBHUS [T POCTa PACTEHHMH B €10 OKPECTHOCTSX CTa-
JIM OKCTPEMAIBHBIMHU: B aTMOC(EPE 3HAYUTENBHO MOBBIILIEHBI KOHIEHTPauu SO, U TEXHOTEHHOH MBLIH C
BBICOKUM coJiepkaHueM Tsbkenbix metaiuioB (Kashulina et al., 2014), KoHIEHTpau OCHOBHBIX METaJUIOB
3arpsizautenei Ni u Cu B mouBax B ThICSUy U Ooliee pa3 npeBbickuin (oHOBbIe 3HaueHus (Reimann et al.,
2001; Kamrynuna, 2018). M3y4uenne pacTeHni, MPOU3paCTAONINX B JIOKATbHOM 30He (JI3) Bo3eiicTBHsI BBI-
OpOCOB 3TOT0 MPEINPUSITHS, IPEJOCTABISET YHUKAIBHYIO BO3MOKHOCTD BBISIBUTH OCOOCHHOCTH (hOPMHPO-
BaHUS XUMHUYECKOTO COCTAaBa PACTEHUH B IKCTPEMAJIHHBIX YCIOBHSIX.
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Camble 001Me YepThl U3MEHEHUS! XUMUYECKOI0 COCTaBa JIMCThEB PACTCHHI B OJIMIKANIINX OKPECT-
HOCTSIX MPEIIPUATHS HA OCHOBE KOMIUICKCHOTO MOYBCHHO-T€000TaHNYECKOIr0 MOHUTOPHUHIA YXKe ObUIN
oOcy>kJeHbI B peabiayiei myonukanuu (Kanrynuaa u np., 2018). B qanHO# cTaThe Oosnee moipoOHO aHa-
JU3UpPYETCsl paclipeielieHne KOHLIEHTpaluil S B 307€ JUcTheB pacTeHuid. OcoObIil HHTEpeC K 3TOMY 3J1e-
MeHTY 00YCJIOBJICH TeM 00CTOSTEIHLCTBOM, YTO C OJIHOM CTOPOHBI 3TOT 3JIEMEHT SIBJISICTCS BAKHBIM IS TTH-
TaHUS PACTEHUH DIIEMEHTOM, a C JIPYrod, — OCHOBHBIM KOMITIOHEHTOM BBIOPOCOB KOoMOMHaTa «CeBepOHH-
KeJIb», KOHIIGHTPALMU COSIMHEHUI KOTOPOH, Kak B aTMocdepe, Tak U B aTMochepHbIx ocankax (Kashulina
et al., 2014) JI3 3HaUATETHEHO TOBHITIICHBI.

Mamepuanbst u memodsl uccnedosaHuil

[Tnomaakn MOHUTOPHUHTA pPacIoaraiich Ha Pa3HBIX dJIeMEHTax JaHamadTa Ha paccTosHuA 1-17 kM
ot xombuHarta «Ceseponukenb» (Kamynuna, 2018; Kamynuna u ap., 2018). CMemanusie oOpasiubl ac-
CUMIJIMPYIOIIMX OpPraHoB 7 HamOoyiee paclpoCTPaHEHHBIX BHJIOB PAaCTCHUU — 4YepHUKH (Vaccinium
myrtillus), 6pycanku (Vaccinium vitis-idaea), BopoHuKu (Empetrum hermaphroditum), 6epe3sl (Betula
sp.), uBbI (Salix sp.), cocHsl (Pinus friesiana) n enu (Picea obovata) oTOMpaIvch B KOHIIE BET€TAIHOHHOTO
nepuoza B 20-x uncnax asrycra 2002, 2005-2014 rr. V nucronagHeIx pacteHuii (Oepesa, UBa, YepHUKA)
OTOMPAJIHCh JIUCThS, Y COCHBI H €JIH — XBOSI BTOPOTO T0/Ia )KU3HHU, Y BEYHO3EICHBIX KyCTapHIUKOB (Opyc-
HUKA, BOPOHUKA) — JINCThA C 2—3-JI€THUX TOOETOB.

Conepsxkanue S B pacTeHUSX ObUTH oTipeiesieHsl o MeTonuke A.A. [lomosuesoii (1974). DTum meto-
JIOM H3BJIEKAIOTCS TOJIBKO DIIEMEHTHI, BXOJSIIINE B COCTAaB OPraHMYECKOT0 BElIecTBa pacTeHnii. B kauecTse
(hOHOBBIX 3HAUCHHUI MCTIOIB30BATHCH KOMIIMIMPOBAHHBIC JAHHBIC IPEIIICCTBYIOMINX UCCIIEI0OBAaHUI B HE-
HapyIIEHHBIX dKocucTeMax Kombckoro momyoctpoBa u Kapenun (Kamrynuna u ap., 2018). 3nagumocTtsb
pa3IMUni TI0 COJIEPKAHUIO S B aCCHMIJIMPYIOIINX OpraHax pacTeHN Ha MOHUTOPHWHTOBBIX TUIOIIAKAX U
(hOHOBBIX YCIOBHSX OlleHHBaJIU C omoiiblo U-kputepus Manna — Yurthu (http:// www.psychol ok.ru/
statistics/mann_whitney).

Pe3yabmamaul u ux o6cyxcoerHue

B otnuune ot ocHOBHBIX MeTaiutoB-3arpsizauTeneid — Ni n Cu, a TakKe TaKUX Ba)KHBIX MMUTATEINb-
HbIX 31eMeHTa kak Ca u Mn, BIUsIHUE 3arpsi3HEHUS Ha COIEpyKaHUe S B JUCThAX pacteHui JI3 Bo3aen-
cTBHA KOMOMHATa «CEeBEPOHUKENbY» HE SIBISIETCS CTOJb OYEBHIHBIM. DTO OOYCIOBIEHO TEM, YTO Pa3iny-
HbIE BU/IBI PACTEHUH MMEHHO 10 S 3HAYUTENBHO PA3IAYaroTCs 10 PEeaklny Ha CTPecC W M30BITOK Cephl B
okpyxkaromei cpene JI3. Tak, cornmacHo cootHomenusim JI3/@ow (tabdm. 1), ypoBHU KOHIEHTpALUi S B 11~
CTBSIX Oepe3bl, B 1IEJIOM, OCTal0TCsl Ha OHOBOM ypoBHE. OO OTCYTCTBUU 3HAYUTEIHHBIX N3MEHEHUH KOH-
LEHTpanuii S B MUCTHAX Oepesbl JI3 cBUAeTeNbCTBYET U pacipe/iesieHue BEIMYHH 10 KBAPTHIISIM: BeJTHIH-
HBI JIOCTaTOYHO PAaBHOMEPHO IPEJICTABIISIOT BCE IUANA30HBI €CTECTBEHHOTO BAPHUPOBAHUS KOHIIGHTPA-
i, Pacuetsl U-kpurepust MaHHa-YUTHU U1 BCero Habopa JlaHHbBIX, MpeacTapisiiomux JI3, Takke mo-
TBEPIWIA OTCYTCTBHE 3HAYUMBIX PA3IIUIHH 110 KOHIICHTPAIHUIM S B INCTHAX Oepesnl Mexay JI3 u ¢poHOM.

Cootnomenue JI3/DoH 1151 COCHBI U OCOOSHHO €M, HAa00OPOT, CBUIETEIBCTBYET O TOM, YTO KOH-
[EHTpaluK S B XBOE 3TUX pacTeHui B JI3 moBbIeHbI OTHOCHTENBHO PoHa. O MOBBINICHUN KOHIICHTPAIUHA
S B XBO€ COCHBI U €JT1 CBUIETEIBCTBYIOT U paclpeziesieHie BeTMYUH 10 KBapTHisiM. Hampumep, 115t COCHBI
Oosnblias yacTh BenHuuH (62 %) pacrnonaraercsi B [uanazoHe Mexxay Meauanoi u Q3, T.e., B 001acTu BbI-
COKHX 3HaYCHHH, CBOHCTBEHHBIX (DOHOBBIM YCIOBHUSM. A B OJTHOM 00pa3iie XBOM COCHbI KOHIICHTpAUs S
Jlake TpeBbImaeT (OHOBBIN MakcUMyM. 11t e y 66.6 % 00pa31ioB KOHIIEHTPAIINK HaXOSATCS B TUATIa30-
HE MEXy MEJIMaHO! U MakcuMyMoM (oHa, a B 4-ex oOpasiax (26.7 %) npeBbIaroT (POHOBBI MAKCUMYM.

CornacHo cootHomeHusiM JI3/DoH y BOPOHHKH U OCOOCHHO Y OPYCHHKH KOHIIGHTpAIMH S B JIU-
cThsiX B JI3 cHmKeHBI OTHOCHTENHHO (poHa. Pacmpenenenne BenMYMH MO KBAPTUJISAM TaK)Ke CBHIETEIb-
CTBYET O CHI)KEHHH KOHIECHTPALUH S B JMCTHSIX BOPOHUKH: MOBBIMIAETCS 10151 00pazoB (1o 55 %) B au-
ana3oHe Mex a1y MuHUMyMoM 1 Q1 u cHibkeHa 10 14 % B 00J1acTH BBICOKMX 3HaueHUi Mexay Q3 u mak-
cuMyMoM QoHa. Bmecte ¢ Tem, B 0JHOM 00pasiie TMCTheB BOPOHUKM KOHIICHTpANHs S MpeBbIIaeT (HoHO-
BB MAKCUMYM. DTO 03HAYACT, YTO KOHLEHTPAIHS S B TUCTHAX BOPOHUKH JI3 MOKET HE TOJIBKO CHUXKATh-
Cs1, HO 1 TIOBBIMIATHCA.
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W3-3a HeOomboro yncina o0pas3uoB (Tadi. 1) 3akiovyeHue o BIUSHUH 3arps3HEHHs HA KOHLEHTpa-
MU S B IMCTHSIX OPYCHUKH U YEPHUKU MOTYT pacCMaTpUBAThCS KaK camble TpeaBapuTenbubie. Kak n ams
JIUCTHEB BOPOHHKH, JIJISl TUCTHEB OPYCHUKH COOTHOIIIEHUE KOHIIeHTpatwii S B JI3 k (oHY cocTaBIseT HIKE
eMHUIBL. B Gombiielt yactu 00pa3ioB (B 3 U3 5) KOHUEHTPAIUU S B JIMCThAX BOPOHHUKHU MPUXOJISATCS Ha
CaMbIil HU3KHUHA Tuarna3oH (JOHOBBIX KOHIICHTPAUNA — MEK Ty MUHUMYMOM 1 Q1, HO B 1 00pasiie — mpeBbI-
maet (poHOBBII MakcUMyM. T.e., Takke Kak | JUIsi BODOHUKH, KOHIICHTPAIUX S B 30JI€ JIUCThEB OPYCHUKHU
B JI3 MOTYT 6I)ITI) HE TOJIBKO ITOHMXXCHbI, HO U ITOBBIIICHKI.

Tabnuma 1. Munumym, iepBeiid kBapTuiib (Q1), Meanana, Tpetnii kBapTuiib (Q3)
¥ MaKCUMYM KOHIEHTpaLuil (MI/KT, CyXHX JIMCTbEB) S B 30Ji€ JTUCTHEB PACTEHHH B JIOKabHOH 30HE (JI3)
BO3ACHCTBHS MEeIHO-HUKEIEBOro komOnHaTa «CeBepoHuKenby U (poHOBBIX ycnoBusax (Down),
a TaKke COOTHONICHUSI MUHIMyMa 1 MakcuMyma u JI3/DomH.

Table 1. Minimum, the first quartile (Q1), median, the third quartile (Q3) and maximum of S
concentrations (mg/kg of dry leaves) in the ash of plant leaves near the «Severonikel» industrial complex
and in the background area, as well as max/min and local zone/background ratios.

‘ N ‘ Munumym ‘ Ql ‘ Menunana ‘ Q3 ‘ Makcumym ‘ Maxkc/MuH ‘ JI3/®on

bepesa
JI3 48 276 439 634 858 1720 6.2 1.09
Do 21 40 460 580 775 1300 325

NBa

J3 26 972 1341 1966 2310 3668 3.8 -
®OH 3 400 400 690 740 740 - -

Cocna
3 47 160 272 360 436 1148 7.2 1.20
®OH | 29 100 200 300 500 900 9

Enb

I3 15 536 648 860 1140 1376 2.6 1.59
®OH | 35 200 370 540 710 1100 55

Boponuxa
JI3 36 192 354 496 675 1720 9.0 0.79
®OH | 12 200 592.5 630 722.5 940 4.7

bpycuura
JI3 5 428 478 640 1574 2112 4.9 0.52
®OH | 19 400 1000 1230 1470 1900 4.8

YepHnuka
J3 6 596 761 1080 1389 1500 2.5 0.94
®OH | 16 400 1005 1155 1435 1700 43

Cynst o cootHommennto JI3/DoH, KOHIIEHTpauu S B TUCTHIX YEPHUKH OCTAIOTCS Ha OIM3KOM K
¢dony ypoBHe. O HEKOTOPOM €€ CHIIKEHUHM CBUJICTEILCTBYET PACIPE/CIICHUE BEIUYMH 10 KBAPTHUIISAM:
50 % 3nauenuii (3 U3 6) pacrnosararTcs Mex 1y MuHuMyMoM U Q1 dona. HekoTopoe CHI>KEHHE KOHIICH-
Tpanui S B TUCTHIX KyCTAPHUYKOB B JI3 MOTYT OBITH 00YCIIOBIICHBI X 0OJiee CHIIPHO YTHETEHHBIM COCTO-
sTHUEM. B oTiin4me oT IpeBeCHBIX paCcTeHHIA, O0MIINE KYCTAPHUYKOB Ha IJIOMaIKaX MOHUTOPHHTA MTPOI0I-
JKaeT COKpAIaThCs, HECMOTPS Ha CHIDKEHNE 00BEMOB BRIOPOCOB 3arpsI3HSIONINX BEIIECTB MPEIIPHUSATHEM.

Pacuérer U-xputepus MaHHa-YUTHH, OJJHAKO, JIJIsl BCErO HaOOpa JaHHBIX, HE BBISBIIN 3HAYUMBIX
M3MEHCHUI KOHIIEHTPAIUH S B JIUCThIX BCEX BUJIOB PACTCHMI IO CpaBHEHUIO ¢ PoHoM. T.e., OTMEUEHHbBIC
BBIIIIC U3MEHEHUS HE SIBIISTIOTCSI CYIIECTBEHHBIMU, a HOCST XapaKTep JIMIITb HEOOIBIIOTO CABUTA KOHIICH-
Tpaluii B TY WIX UHYIO CTOPOHY B 3aBUCHMOCTH OT BHJIA PACTCHHIA.

JlonoiaHuTEeNpHYI0 HHPOPMAIMIO O HANpaBlIeHHOCTH U3MEHEHUH conxepxaHuid S B pacteHusix JI3
MOJKET JIaTh aHAIIN3 PACIPEIEIICHUS €€ KOHIIEHTPAIMH 1O TUTOMAAKaM MOHUTOPHHTA, KOTOPBIE 3HAUYNTEIb-
HO Pa3INYar0TCA, KakK Mo MPUPOIHBIM YCIOBHM (TLIOIOPOJIUIO TI0YB U YBIIAKHEHHUIO), TaK U 110 YPOBHIO 3a-
rpsiznenns (Kashulina et al., 2014; Kamrynuna, 2018).
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Puc. 1. OTHOMIECHHSI MeIMaH KOHIIEHTPAUK S B JIUCThIX PACTCHUH Ha MIIONIAJKaX MOHUTOPUHTA B JIOKATHHON 30HE
(JI3) Bo3meticTBus komOnHaTa «CeBEepOHUKENTb» U B (POHOBBIX yCIOBHUAX (DOH).

Fig. 1. The ratio of median concentrations of S in plant leaves at monitoring plots near the «Severonikel» industrial
complex to background values.

Kak BujHO Ha prc. 1, BeNMUUUHBI OTHOIICHUS MEMaH KOHIEHTPAIUi S B pacTeHHUSX Ha OTJCIbHBIX
IJIOMIAa/IKaX MOHUTOPUHTA K (DOHY 3aBHCAT OT BUA PACTCHUU U riomiaaku. /s mucTheB Oepe3sl B 3aBH-
CHUMOCTH OT IUIOIIAAKH HaOIr01aeTcsl, KaK He3HAUUTEIbHOE 00eIHEHHE, TaK M MOBBIIICHUE KOHICHTPALUH
oTHOCHUTENHHO (poHa. Hirke (poHOBBIX KOHIIEHTpalii S B IUCTHAX Oepe3sl ObUTH 0OHAPYKEHBI HAa CaMBIX
ynaneHHbIx mwiomaakax [-1 u -2 (17 kM oT nucrounmnka BeioOpocoB), a Takxke ro1. [11-2 u I1I-3 (8 km vHa CC3
OT UCTOYHHUKA). Hanbonee 3HaunTEIHHOE TOBBILICHUE KOHLEHTPAUH S B TUCThAX Oepe3bl MPHUIIUIACH Ha
camyto 3arps3HéHHyTo I [V-2 (3 KM 0oT HCTOYHHKA BRIOPOCOB). EquHCTBEHHOE MpEBHITIatoNiee (HOHOBBIMA
MakcuMyM 3Hadenue (1720 mr/kr) Obl10 0OHapyKeHO Kak pa3 Ha 3Toi miomaske B 2011 roxy. Ha ynane-
HUM 8 KM Ha ceBep KOHLEHTpauuu S ObUIM HE3HAYMTENBHO MOBBIIICHBI TOJbKO Ha Tul. 11-2. Ha Bcex Hau-
Oomee 3arpsa3HEHHBIX Tomankax — [V-2, II-1 u II-2 HekoTophIe INCTHS B KOHIIE BETETAITMOHHOTO ITEPHO-
Na umenu creisl oxkora SO,

OnHako 0OBSCHUTH TAKOE paclpe/ielieHne KOHIICHTPALMH S B JIMCTHAX Oepe3bl M1y TUIOMaKaMu
MOHHUTOPHHTA TOJIBKO 32 CUET a3yl M0 YPOBHIO 3arps3HeHHs ObUTO OBl HE coBceM KoppekTHo. Ecin
OBl pacripesielieHne KOHIISHTPAIMA S B JIUCThAX Oepe3bl ObIIIO OBl CBSI3aHO TOJBKO C 3arpsS3HEHUEM, TO Ha
HauOonee yaaneHHsix wi. [-1, 1-2, 111-2 u I11-3 cnemnoBano Obl 0xkuIaTh OJIM3KUE K (JOHY KOHIICHTPAIIUU.
CHmxeHne KOHIIEHTparui Hike (JOHA Ha ATHX IJIOMIAIKaX, BO3MOXKHO, 00YCIIOBIIEHBI HU3KUM €CTECTBEH-
HBIM TUTOZOPOIFEM TIOYB H CYXOCTHIO MECTOOOUTAHHS U UX YXYAIICHUEM T10]] BO3ICHCTBHEM TEXHOTEHHO-
ro ¢akropa. bonee 61m3KHe K poHY KOHIEHTpAMK S NPUILIHCH Ha 1. V-2 1 V-3, KOTOpBIE XapakTepu3y-
IOTCS CPETHUM YPOBHEM 3arpsA3HEHUS M BBICOKUM €CTECTBEHHBIM TTOIOPOINEM TIOYB M XOPOIIUM YBIIaXK-
HenreM. OO OTCYTCTBHMHM YETKOW CBSI3W KOHLEHTpAaLUUH S B paCTEHUSIX C 3arpsi3HEHUEM CBUICTENIBCTBY-
10T U OJHM3KUe K (OHY KOHIIGHTpAIMK Ha BTOPOH 1Mo ypoBHIo 3arpsizHenust . 11-1. Pacuersr U-kputepust
ManHa- Y UTHH BBISIBIIIM 3HAYNMOE YBEITMUEHUE KOHIICHTPAINH S B JIUCTHAX Oepe3bl TOIBKO I CaMoii 3a-
rpsa3HéHHON tuomaaku [V-2. Jlng ocTanbHBIX IUIOMIA0K, HU CHIKCHHE, HU MOBBIIIEHHE OTHOCUTEIHHO
(hoHa He OBUIO 3HAYUMBIM.

st cocHBI Ha OOJBIIMHCTBE IIOMAA0K KOHIICHTpAIus S B XxBoe Obuta Oyim3ka k ¢ony. Heznauu-
TEJILHOE CHM)KEHHE OBLI0 OTMEUCHO Ha CaMOH yAaleHHOH Iuiomaake -2, rae JomoNHUTEIbHBIM CTpece-
(hakTopaM MOTIJIO OBITH CE30HHOE M30BITOYHOE yBIaxkHeHue. Ha camoit 3arps3HénHo# miomianke V-2
OBLIO OTMEYEHO JIMIIh HE3HAUNTENIbHOE TOBbIIIeHNne. U-KpuTepuii MaHHa-YUTHH HE BBISBHUI 3HAYUMBIX
pa3nu4uii KOHIEHTpAMid S B XBOE COCHBI OT ()OHA HU JIJIsl OAHOM IJIONIAJKH MOHUTOPUHTA, HE3aBUCUMO
OT YpOBHSI €€ 3arpsA3HeHNSI.

269



Kamrymira I'.M., Jlutsurosa T.1., KopoGeiinmkosa H.M. Tpynab Pepemanosekoit Hayuroit ceccunt [ KHIL PAH. 2019. 16. C. 266-270
https://doi.org/10.31241/FNS.2019.16.054

Konnentpaiust S B XBoe €JiM Ha BCEX IUIOMIAKaX OblIa BbIIIC, ueM B (DOHOBBIX yCJIOBUsX. Pacue-
Th1 U-kputeprst MaHHa- Y UTHH BBISIBUIIN 3HAYUMOE YBEITUICHIE OTHOCUTEIHHO (POHA TOIBKO JIJIS TTOTIIAT-
KM V-2, XapaKTepU3yIOLIEHCS COUETAHUEM CPEIHErO YPOBHS 3arpsi3HEHMUSI, BBICOKUM IIJIOIOPOAUEM TOYB
1 XOPOIIUM YBIIaXXHEHUEM. Enb Ha 9TOM mto1ma ke XxapakTepru30Baiach JIYUIIUM IO CPAaBHEHHUIO C OCTalb-
HBIMU IUIOIIA/IKAMU KU3HEHHBIM COCTOSIHHEM.

HaobopoT, koHIIeHTpanuu S B TUCThSIX BOPOHUKH CHUYKEHBI Ha BCEX TUIOIIAIKAX, KPOME TUIOIIAIKU
V-3. [Ipu 3TOM OMHAKOBOE CHIKEHHE OBIJIO OTMEYECHO U Ha caMoi yaaieHHou miomajke [-1, u Ha camoit
3arpsi3HeHHON Tomanake [V-2. Ha obenx 3TuxX miomaakax jKH3HEHHOE COCTOSIHIE BOPOHUKU OTICHUBACT-
Csl KaKk O4eHb yrHeTeHHOe. HekoTopoe moBhIllIeHnEe KOHIEHTPALMKU S B BOPOHUKE Ha IUIoMIaake V-3, Hao-
0OpOT, COOTBETCTBYIOT €€ JIyUllIeMy 31eCh cocTosiHUI0. U-kpurepuit MaHHa-YUTHH HE BBISBUJ 3HAUUMBIX
W3MEHEHHUE KOHIIEHTPAINH S B INCTHSIX BOPOHUKH OTHOCUTEIHHO (DOHA HU JUTS OJTHOW TUTOIIAKH, HE3aBH-
CHUMO OT YPOBHS €€ 3arpsI3HECHUS U )KU3HEHHOT'O COCTOSIHUSI BOPDOHUKH.

3akaroueHue

I/ICCJ'IG,I[OBEIHI/Iﬂ ImoKasajiv, 4To, HCCMOTPS Ha CTPECC U HU30BITOK CCPLI B Opr>KaIOH.[CI7[ Cpeac, KOHICH-
Tpauuun S B IUCTHSIX B OOJILIIMHCTBE 06p33HOB BCEX BUJIOB paCTeHI/Iﬁ B OKPECTHOCTAX MCIHO-HUKEJICBOT'O
MpEeANpUATHUA OCTAIOTCA B ITpEACIaX €CTECTBEHHOIO BapbUPOBaHUA, CBOMCTBEHHOTO HECHApYUICHHBIM 5KO-
CHUCTECMaM B PCTHUOHC. O}_'[HaKO CpaBHHTeJ’IBHLIﬁ AHAJIN3 YaCTOTHOT'O PAaCIpECACIICHU KOHL[eHTpaLII/Iﬁ S cBu-
ACTCILCTBYET O TOM, UTO KOHICHTpAIIUU S B IMCTHIX paCTeHI/Iﬁ OKOJIO HCTOYHHKA BBI6pOCOB MOTyT 6LITL,
KaK HE3HAYNTCIIbHO IOBBIIICHBI (GJ'IL, 66})633, HBa, COCHa), TaK ¥ ITIOHHU>KCHBI (BOpOHI/IKa, 6py0HI/IKa, YCPHU-
Ka) OTHOCHUTCJIIBHO (pOHa. HpI/I 9TOM HAIIPABJICHHOCTb U CTCIICHDb U3MCHCHUSA ABJIAIOTCA BU/ CHCHI/I(bI/IIIHLI-
MU U 3aBUCAT HE TOJIBKO OT YPOBHA 3arpsA3HCHUA, HO U OT yCJIOBI/Iﬁ YBJIQAXKHCHUA U IJIOAOPOJUA ITOYB B MC-
CTC MPOU3paACTaAHU.
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