[IpencraBieHHBIN BBIIIE COCTAB OPTAaHU3ALNOHHO-TEXHUIECKUX MEPONPUATHH YMEHBIIUT TEXHOTCHHYIO HAarpy3Ky
Ha MOBEPXHOCTHBIE BOJHBIE 00BEKTHI. YacTh 3arpsA3HEHHOTO MOBEPXHOCTHOTO CTOKA C MOBEPXHOCTH BOjocOopa Oyner
(UIBTPOBATHCS Yepe3 30HY adpallii K TPYHTOBBIM BOJAM, CO3/1aBast TaM 30HY 3arpsI3HEHHS.

HeoOxomiMo 0TMETHTB, YTO O/THA N3 HKOJIOTHUECKHUX MPOOJIEM TEpPUTOPHHN MCCIIEIOBAHNH CBA3aHA C TTOCIIEICTBH-
SIMU OCYILIMTENBHBIX Menuopanuil. CHI)KEHHE YPOBHSI IPYHTOBBIX BOJ, YHUUTOXXEHUE €CTECTBEHHOH PACTUTENBHOCTH,
pacnamika Top(hsHO-O0JOTHBIX ITOYB, IPUBEIN K Pa3BUTHIO BETPOBOH 9po3uH, OBICTPOIl cpaboTke Topda u GpopmMHpoBa-
HUIO MPEANOCHUIOK K Je(ULIUTY BOJbI B IOYBEHHOM npoduiie B JieTHUH niepuo. OcyieHHble O0JIOTHbIE MacCHBBI ITpe-
BpAIlIeHbI B IAXOTHBIE U [TAXOTHO-KYJIBTYPHO-CEHOKOCHBIE JIAaHAIA(THI, HAXOATCS B HEYCTOWYMBOM COCTOSIHUHM U HECYT
Ha cebe mpu3HaKku aerpaganuu. Taxke ObUIO BBISIBIEHO, YTO HauOoJee 3HAYMMOE BO3/EHCTBHE MPUXOOUTCS HA IOJI-
3eMHBIEC BOZIBI, TIO3TOMY HEOOXOAMMO OOpaTHTh BHUMAHHE Ha BOJOOXPAHHBIE MEPONPHATHS, B TOM YHCIE, 3alUTHBIC
coopysxeHust. Takum 00pa3oMm, JUIsl 3aIIUTHI TIOA3EMHBIX BOJI OT HETATHBHOTO BIMSIHUS 3arpsA3HUTENICH HEOOX0ANMO Mpet-
YCMOTPETH HE TOIBKO TIIATEIBHOE IKPAHUPOBAHUE JIOXKA COJIEOTBAIA M TOBEPXHOCTH MPOMBIIUIEHHOH MIOMAAKH BOJO-
HEMPOHUIAEMBIMU MOKPBITUSMH, HO U CO3[JAHUE CUCTEMBI JIOKAJTbHOI'O MOHUTOPUHTA 32 COCTOSHHEM MO/I3€MHBIX BOJI.
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M3MEHYNBOCTb AJIEMEHTHOIO COCTABA XBOM PINUS SYLVESTRIS (L.)
B YCITOBUAX AHTPOMNOIEHHOW HAIPY3KU HA TEPPUTOPUU TOPOA MUHCKA

VARIABILITY OF THE ELEMENTAL COMPOSITION OF NEEDLES PINUS
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B ropone MuHCKa 1OCTATOYHO MIMPOKO PE/ICTaBICHBI HACAXKACHHS COCHBI 0OBIKHOBEHHOH (Pinus sylvestris L.),
KOTOpast Hapsiy ¢ Oepesoit mosucioit (Betula pendula Roth.) oTHOCHTCS K 4yTKUM MHIMKATOPaM KadecTBa OKpY-
JKaromied cpeapl. Llenp HammMX MCcIeNoOBaHUM 3aKIIIOYaNach B U3YUYCHHH M3MEHEHHMH 3JIEMEHTHOTO COCTaBa XBOH
B YCJIOBUSIX aHTPOIIOTEHHOW HArpy3Kd C Pa3IMYHBIM 110 HHTEHCHBHOCTH aBTOTPAHCIOPTHBIM M ITPOMBIIIIIICHHBIM
BO3JIEHCTBUEM.

The woodlands of the Scots pine (Pinus sylvestris L.) are quite widely represented in Minsk, which, along
with European white birch (Betula pendula Roth.), belongs to sensitive indicators of the quality of the environment.
The purpose of our research was to study changes in the elemental composition of needles under conditions of
anthropogenic impact with different intensity of motor transport and industrial impact.

Knioueswie cnosa: cocHa OOBIKHOBEHHAs!, 3JIEMEHTHBIH COCTaB, XBOSI, aTOMHO-3MHICCHOHHAsI CIIEKTPOMETPHSI C UH-
JTyKTHBHO-CBSI3aHHOH I11a3MOH, aHTPOIIOT€HHbIE (haKTOPBI.

Keywords: Scots Pine, element composition, needles, spectrometry with inductively coupled plasma, anthropogenic
factors.
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Ha ceropusinnuii ieHs 3arpsisHeHne arMoc(epHoro Bo3ayxa IMpeacTapisieT co00i MOIHbINA aHTPOIOTeHHbIH (hax-
TOP, KOTOPBIH MPUBOAUT K CEPHE3HBIM N3MEHEHUSIM B (DYHKIIHOHUPOBAHUN (PUTOIIEHO30B TOPOJCKOMN CPEIBL.

Tax, 13-3a TOKCHYECKUX KOMIIOHEHTOB BHIOPOCOB MPOMBIIIUICHHBIX MPEATIPUSATHIN 1 aBTOTPAHCTIOPTA BOSHUKAIOT KaK
nedopMaIy MOBEPXHOCTH M BHYTPUKJICTOYHON CTPYKTYpPBI aCCHMIIIMPYIOIINX OPTaHOB PACTEHHH, TaK M HapyIICHUS
(opMHpOBaHUE UX JIEMEHTHOTO COCTABA.

OObexTaMu HCClieJOBaHUsI ObUIM BBIOPAHBI COCHOBBIE HacakJIeHUs! [lepBoMalCKOro (¢ YIOBIECTBOPHTEIHHOM
9KOJIOTMYecKoi curyauuei) u IlapruzaHckoro (C NpPeMMYIIECTBEHHO HANPSDKEHHOH CHUTyaluei, 00yCIIOBICHHOM
HeraTMBHbIMH (DakToOpaMu — BBICOKUM YPOBHEM 3arps3HEHHs] BO3lyXa W II0YB, YTHETEHHEM pacTUTeNbHOCTH |1,
c. 28]) paiionoB r. MuHCKa.

B xauecTBe KOHTPOIIS (YCIIOBHO YHCTAst TEPPUTOPHS) OBLIN B3SATHI IEPEBBSI COCHBI, IPOU3PACTAIOIINE HA TEPPHUTO-
PHH TOCYIapCTBEHHOTO IPHPOIOOXPAHHOTO yupexaeHns «bepesnnckuii 6nocdepHslii 3armoBeHUK» (Tadbnuma 1).

Tabnuya 1 — Mecma ombopa obpaszyos

Ne Paiion, ynuna/necHmdecTBo CpenHuii Bo3pacr, JieT Beicota, M Juametp, cm
1 | IlepBomaiickuii, Beexcpsarckas 70 18 17,2
2 | IlepBomaiickuii, BepeckoBas 70 17,5 25,5
3 | [Maptuzanckui, ['epacumenko 80 19 30,8
4 | IMapruzanckwuii, Baymnmacosa 70 23 29,9
5 | Mapruzanckuii, lonroopoackas 75 21 27,4
6 | BepesuHckuit GnocdepHbIii 3aN0BeIHUK, [loMKkepuIKoe 80 24 33,1

OT160p XBOM 2-T0 TO/IA )KU3HU TIPOM3BOMIICS TSI KXKI0H TOUKH HaOJIOZICHH s C BETBEH 1-ro Topsi/ika B HUKHEH YyacTH
10 BCeMy JMaMeTpy KPOHBI 15-TH iepeBheB B KOHIIE BereTannoHHoro ce3oHa 2019 roxa (mo 30 map ¢ kaXkaoro iepesa).

BriocneacTun xBosi, cOOpaHHask ¢ OAHOTO AEPEBa, N3MEIIBIAIAch 10 MEIKOAUCIIEPCHOTO COCTOSIHHS C MOMOIIIBIO araro-
BOM CTYTIKH, TTOCTIe Yero METOJIOM KBapTOBaHMS OTOHMpaIachk HaBecka Maccoit 500 Mr, KoTopasi momerianach B pappopoBsit
TUTETIh ¥ TIPOBOIMIIOCH 030JICHHE ITyTeM MPOKAIUBAHUS B My(henpHOH reun rpu temmeparype S00°C B TedeHue 4 4acoB.

Janee 30o1a noMemanach B IUIMHAP KapTPHKa CUCTEM MHKPOBOJIHOBOTO PA3JIOKEHUSI C YK€ BHECEHHBIMHU Ty/a
10 MJI KOHIIEHTPUPOBAHHON a30THOM KUCIIOTHI U 2 MJI EPOKCHAA BOLOPOAa. MUKPOBOIHOBOE Pa3iokKeHUE IIPOBOIUIIOCH
B JIBE TIOCJIEA0BATENIbHBIC CTAANHU C PA3HBIMHU YCIOBUAMHU:

1) remneparypa: 80 oC, BU-momuocTs: 700 W, Bpems: 12 mMuH;

2) remneparypa: 150 oC, BU-mommocTts: 700 W, Bpems: 4 MuH.

3aTeM TMONMYYCHHBIH PAacTBOP OCTY)Kajcs MPH KOMHATHOW TeMIIepaType, pa30aBIsuics ICHOHW3UPOBAHHOW BOMOU
JUISl CHIPKEHHSI KOHIIEHTPAIMK KHUCIIOTHI HETpOpearupoBaBIIeil ¢ MEPOKCHAOM BOJOPOAA, (GIIBTPOBAIICS Yepe3 OyMark-
Hble (QMIBTPBI B KOJIOBI Ha 50 MJI M aHAIM3UPOBAJICS HA ONTHKO-3MHCCHOHHOM CHEKTPOMETPE C MH/IyKTUBHO-CBSI3aHHOM
Thermo Fisher iCAP 6300 DUO.

Jast xaxkioro odpasia MpoBOAWIIOCH TPH MapalIeIbHBIX U3MEPEHHs. XapaKTepUCTHYECKUE CIIEKTPAJIbHbIC JINHUU
10-tu aHanmusupyembix anemeHToB (Al, Pb, Cd, Cu, Zn, Mn, Ni, Co, Fe, Cr), a Takke yCJIOBHs POBEACHHIS aHAIN3a ObLIH
B3SITHl M3 METOJIMKH, M3JIOKEHHOH B padoTe Ari Viisdnen [2].

[Tpumep BbIOOpA CTIEKTPaIBHBIX JIMHUH MTPEACTABICH HA PUCYHKE 1, HA KOTOPOM cozepkuTcs HH(opManus (ciesa
HAaIpaBo) O JUIMHE BOJIHBI MHTEPECYIOLIETO AJIEMEHTa B HAHOMETPAX, HHTEHCUBHOCTH, THIIC CIIEKTpasbHON mmenu (slit)
1 B3aUMOBJIMSHUSAX JPYTUX JJIEMEHTOB C OYCHb OJNM3KMMH IO 3HAYCHUIO BETMUMHAMM CIEKTPAIBHBIX JIMHUH, X THIC
CHEKTPAJIHBIX IeJIeld 1 HHTEeHCHBHOCTH.

MuHMa AHT Tun ... B nuanua Ha Pb [220,353)

{153} 120000 Pt 220258 1 1364
& 215,939 {156} 80000 | Vo220272 | 1000
J 261418011290 70000 | ‘é"n gggggg ’ 15333
0 182205 {485} RO000 I Re 220301 | 1500
& 283306 {119} 45000 [ Nb 220317 1l 3000
& 280,193 {120} 35000 [ Bi 22033 |
& 168215 {501} 20000 I 550,363

W 220379 |

Os 2200391 |
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W 220448 11 120000

BritpaTeCEMHEL

Puc. 1 — Tabnuya cnexmpanbhvlx TuHUL CEUHYA
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Crarucruyeckas 00paboTka MaTeprualioB UCCIIEIOBAHMS IPOBOJIMIIACH C UCTIOIb30BAHMEM CTATHCTHYECKUX MAKETOB
Microsoft Excel v.10.0, SPSS v.20.0.

[Momy4enHsle JaHHBIE 00pPabATHIBAINCH C TIOMOIIBIO HEMapaMeTPHICCKIX METOIOB (M3-3a MaJloro 00beMa BRIOOPOK,
XapaKTePH3YIOIINXCS Pa3HBIMU 3aKOHAMH PACIIPECITICHHU).

[Tpu cpaBHEHNU coztep KaHMsI AIEMEHTOB (10 OTHOIICHNH K KOHTPOJTIO) Mcnonb3oBaiicst U-kputepuit ManHa- YUTHHU.

B tabmune 2 npencraBieHsl yCpeIHEHHbBIE JaHHBIE O COAEPKAHUN DJIEMEHTOB B XBOE, PACCUUTAHHBIE C YIETOM KO-
JIMYECTBEHHBIX M3MEPEHHUI AJIEMEHTHOTO COCTaBa XBOM Y BceX 15 IepeBbeB Ha Ka)K/IOM M3 ILIECTH MeCT 0TOOopa.

Tabnuya 2 — Paccuumanmvie nokazamenu uUsMeHyu8oCmu 31eMeHmHO20
cocmasa xeou (M — cpeonee, £SD — cmandapmmnoe omxionenue)

DIEMEHT, MI/KD Nel Ne2 Ne3 Ne4 Ne5 Ne6
Al 99,3+13,4 110,4+15,9 130,7£17,4%** | 184,7+29,7%%* | 201,3+29,1%** 91,249,9
Pb 2,340,5 2,340,5 3,7+1,0%%* 3,620,9%%* 3,540,8%* 2,240,7
cd 0,2+0,05 0,240,05 0,4+0,04%* 0,440,04%* 0,4+0,04%* 0,2+0,05
Cu 2,340,5 4,841, %% 6,441, 7%%% 4,541, %** 8,1£1 %% 2,0£0,6
Zn 23,146,9 50+£15,3%%* 53,7411 2%%* 95417, 8%** 55,7415,9%** 22,144,5
Mn 2244554 207,3+£55,0 233,3+64,4 220,7+56,6 231,3+49,0 214+66,8
Ni 1,0+0,3 1,2+0,5 2,6+0,4%*** 3,7+0,9%** 2,1+0,6%** 1,0+0,3
Co 0,94+0,3 0,9+0,4 1,2+0,3* 1,5+0,2%** 1,1+£0,3 0,940,2
Fe 55,74+15,9%* 58,1414,2%* 113,6£16,4%%% | 130,7£17,1%%% | 144,7+19,8%** 31,9+7,6
Cr 0,4+0,1 0,4+0,1 0,5+0,2%* 0,6£0,2%* 0,7+0,1*** 0,3+0,1

IHpumeuanue: * p < 0,05, **p <0,01, *** p < 0,001, yposeHv 3HAUUMOCIU PACCUUMAH NO CPAGHEHUIO C KOHMPOIEM

Paccunrannpie U3 JaHHBIX B Ta0NHIE 2 CpenHue KOAPPHUINSHTH BapHAIINN HCCICAYEMbIX SJIEMCHTOB MOKA3bIBAIOT,
YTO 0COOCHHO BEJIMKA WHIUBUIyaIbHAS H3MECHUYMBOCTh HUKENA (29,6%) 1 xpoma (28%).

B HaumenblIel cTeneHn HHAUBUAYalIbHAS U3MEHUMBOCTD BhIpaxkeHa Juist amoMunust — 13,5 % u kanmusi— 17%.

B 1esoM npuHATO cUMTaTh, YTO, €CIIM 3HaUCHHUE ko3 durreHTa Bapuaun Meaee 33%, To COBOKYITHOCTh JTAHHBIX
SIBIISIETCS] OMTHOPOTHOM, ecnu 6onee 33%, To — HeoOTHOPOAHOH [3].

Pe3ynpraTsl HAMMX UCCIEOBAaHUN CBUICTEIBCTBYIOT O TOM, YTO CTaTHCTUYCCKH 3HAYMMBIC Pa3lUdns ObUTH BBISB-
JIeHBI [T 3-X 21eMeHTOB B [lepBoMaiickom paitone u 9-tu amemenTtoB B [lapTuzanckoM paiione (Tabmuma 2).

EnnHCTBEHHBIM 3IIEMEHTOM, IS KOTOPOTO IO CPABHEHHUIO C KOHTPOJIEM CTAaTUCTUYCCKH 3HAYAMBIX Pa3IIIUi BBI-
SIBIICHO HE OBLIO, OBLT MapraHell.

CpaBHHUTEIBHBII aHAJIH3 UCCIICAYSMbIX COCHOBBIX HACAKICHUI TIOKA3aJl, YTO JUIs COCHBI OOBIKHOBEHHOM, IIPOU3pac-
taromel B [lepBomaiickoM paiioHe XxapakTepHO yBeIMUEHUE cofiepkaHus Meau B 1,7 pa3, nunka — B 1,6, kobansra—B 1,1,
kenesza — B 1,8 1 xpoma — B 1,3 pasa.

Jisa [laptu3anckoro pafiona HaOMOnaeTes CIEAYIONIas CUTyalus: yBEIMUCHAE COACPKaHus afoMUHuUS B 1,9 pas,
cBuHIA — B 1,6, kagmus — B 1,8, mean v mHKa — B 3,1, HUKens — B 2,9, kobanbra — B 1,4, )xeneza—B 4,1 1 xpoma — B 2 pasa,
9TO MOATBEPIKIAACT HEOMATONPHUATHYIO AKOJIOTHYCCKYI0 00CTAaHOBKY B JaHHOM paiioHe.

JIJIsL HanIITHOTO TIPENICTABIICHUS PACIIPEACICHUS COICPIKAHMS 3JIEMEHTOB B XBOE B UCCJICIOBAHHBIX BEIOOpKAX Ha
PHUCYHKe 2 peACTaBIeH MPUMEp AUarpaMMbl pa3MaxoB (Ha IpUMepe aTtOMUHUS).
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Puc. 2 — JJuaepamma pasmaxos, omobpasicarowyas pasHuyy
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Takum 00pa3om, B X0jie HCCIIeIOBaHUS ObLIO YCTAHOBIICHO, YTO B YCJIOBHUSIX aHTPOIIOI€HHOTO 3arpsi3HEHUsI [IPOUC-
XOAAT N3MEHEHUS! JIIEMEHTHOTO COCTaBa XBOU COCHBI OOBIKHOBEHHOM, KOTOPBIE MIPOSIBIIAIOTCS B HAKOIUICHUH 3JIEMEHTOB,
MPENMYIIECTBEHHO CBA3aHHBIX C TEXHOTeHe30M. Ha 0cHOBE ero aHaimmsa MOKET ObITh MPOBECHA JUArHOCTHKA COCTOS-
HUS (PUTOIIEHO30B rOpoACKoit cperbl. [Ipn 3TOM crieyeT OTMETHTD, 4TO JIMCTOBAS ANArHOCTHKA MMEET PsiJ] IPEUMYIIECTB
nepest TOUBEHHOM, TOCKONIBKY B IIOCIIEHEM CITydae HE BCEra MPOsIBISETCS 3aBUCUMOCTh MEXKTy COIEpKaHUEM IEMEH-
TOB B TIOYBE, XMMUYECKHM COCTaBOM XBOU U €€ MPOTYKTUBHOCTBIO.
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Just aphexTrBHOrO COXpaHEeHUs] TeHO(QOHIa OXPAHSIEMbIX PACTEHHN ex Sifi WCIONb3YeTCsl MIMPOKUH KpyT
METO/IOB M TOJIXOI0B, KAXK/IbI N3 KOTOPBIX 00JIajaeT CBOMMH ITPEUMYILECTBaMK U HepocTaTtkamu. K HacTosiemy
BPEMEHHU TOTyYCH 3HAUNTEIbHBIN OMBIT 110 COXPAHEHHUIO TEHETHUECKUX PECYPCOB PACTEHHM, BAKHBIX B OCHOBHOM
JUIsl arpapHOTrO CEKTOpa, ¢ UCHOIb30BAHUEM PA3HOTO TEMIIEPATYPHOIO PEKUMA, TI0 BCEMY MUPY CO3/1aHbl TCHHBIE
6anku. K coxkaneHuro, KpHOKOHCEPBAIs CEMSH U pa3IMYHOTO JPYroro pacTUTEIFHOIO MaTepHajia yCIeIIHO IpH-
MEHSIETCS B OCHOBHOM /ISl CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYP, @ OIBITHI JIJIsl COXpaHEHHsI TeHO(OHAA PEAKHX U HC-
Ye3aolUX BUI0B PACTEHUI HE CTOJb pacrnpocTpaHeHbl. HeoO0xoanmbl ucciieoBaHus BO3MOKHOCTH YCTOWYHNBOTO
BOCITPOM3BOJICTBA I'eHO(OH/IA OTJCIBHBIX PEJKUX U MCUE3AIONINX BUAOB. [IpiMeHeHnEe MUKPOKIOHAIBHOTO pa3-
MHOKEHUSI OXPAHSIEMBIX PACTEHUH — 3TO JOMOJHHUTEIBHBIA CIIOCOO COXpaHEeHUsI UX TeHO(OHA U MPEANOChIIKa
penarpuaniy BUJOB, MCUE3a0MKX B Ipupoe. Paspaborka 3h(heKTHBHBIX METOJ0B MUKPOKJIOHAIILHOTO pa3MHO-
JKEHUSI SIBJSIETCSI OCHOBOW PadoT M0 CO3/IaHMIO TEHETHUECKUX OAHKOB in Vifro PEeAKHUX M MCUE3ArOIUX BHJIOB pac-
TEHHH, a TaK)Ke OIHMM U3 ITEPCIEKTUBHBIX HAPaBJICHUI COXpaHEeHHs1 OMOpa3HO00pasnsl B LIEJIOM.

To effectively conserve the gene pool of protected plants ex situ, a wide range of methods and approaches is used, each
of which has its own advantages and disadvantages. To date, considerable experience has been gained in the preservation
of plant genetic resources, which are important mainly for the agricultural sector, using different temperature regimes; gene
banks have been created all over the world. Unfortunately, cryopreservation of seeds and various other plant material is
successfully used mainly for agricultural crops, and experiments to preserve the gene pool of rare and endangered plant
species are not so widespread. It is necessary to investigate the possibility of sustainable reproduction of the gene pool of
certain rare and endangered species. The use of microclonal reproduction of protected plants is an additional way to preserve
their gene pool and a prerequisite for the repatriation of species that are disappearing in nature. The development of effective
methods of microclonal reproduction is the basis of work on the creation of in vitro genetic banks of rare and endangered
plant species, as well as one of the promising directions for the conservation of biodiversity in general.

Kniouesvie crnosa: oxpaHsemble pacTeHus], FeHO(POH I, KPHOKOHCEPBAIHsl, MUKPOKJIOHAIBHOE Pa3MHOKEHUE, PENH-
TPOIYKIIHSL.
Keywords: protected plants, gene pool, cryopreservation, micropropagation, reintroduction.
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