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BJIUSIHUE AHTPOIIOTEHHOM HATPY3KHU HA XUMHUYECKUN
COCTAB XBOM COCHBI OBBIKHOBEHHOM PINUS SILVESTRIS
U EJIN EBPOIIEMCKOM PICEA ABIES BI'. TBEPHA

E.M. TapacoBa, C.l. Xu:xusik, A.®. MeiicypoBa, I1.M. [IaxomoB

TBepckoi rocy1apcTBEHHBIN YHUBEPCUTET

C nomompio merona HK-Dyppe CHEKTPOCKOMHHM HUCCIIEIOBAHbI
o0pa3iibl XBOM COCHBI OObIKHOBeHHOW Pinus Silvestris L. u enm
eBporneiickori Picea Abies, coOpannbie B T. TBepm B 30HaX ¢
pa3JINYHOM AHTPOIIOTCHHOM HAarpy3KOW. YCTaHOBIEH XUMHUYECKUU
COCTaB WIJ pasHbIX JieT >Ku3HU. CyIIECTBEHHBIX HW3MEHEHUU B
unteHcuBHoctu MK monoc morsoiieHus COCHOBBIX I (POHOBOTO
(IIC 1) u antpomnorennoro (IIC 2, IIC 3) nynktoB cOopa He
obnapyxeno. [Ipu uzyuenun UK cnexktpoB 00pa3oB XBOU pa3HBIX
JIeT JKU3HHU U3 30HBI C BBICOKOH aHTpornoreHHoW Harpyskoi (IIC 2 u
I[IC 3) u d¢ouosoii 30Hel (IIC 1) HaOmomaeTcss yBeIHUCHUE
WHTEHCUBHOCTHU TOJIOC TOTJIONIEHUsI CO BpeMeHeM. B obpasiiax xBou
enu eBporneiickoii Picea Abies ocuoBubie uamenenust B MK cnekrpax
MOTJIONICHHS HaOMIOAAI0TCS B TEX K€ 001acTAX, 4YTo U AJs 00pa3iioB
XBOM COCHBI 00bIKHOBeHHOM Pinus Silvestris L., HO >TH u3MeHeHus
Oonee BBIPAKEHBI, YTO CBUACTEIBCTBYET O OOIBIIEH CTENeHu
HAaKOIUICHUs MOJUTIOTAaHTOB B XBO€ €M eBponeickon. [Ipu cpaBHeHNN
00pa3110B UTT ABYX BUIOB XBOMHBIX (COCHA U €11b), coOpaHHbIX U3 [1C
C  aHaJOTUYHOM  aHTPOINOTEHHOM  Harpy3kou,  HaOIIOMAIOTCS
3HauuTeNnbHble  u3MeHeHuss B WK  momocax — mornomenws,
MOATBEPKIAIOIINE, YTO B HIJIAX €JIM E€BPOINEHCKONW HAKOIUICHUE
MOJUTIOTAHTOB M3 aTMoc(hepHOro Bo3Ayxa MPOUCXOAUT MHTEHCUBHEE,
YeM B MIJIaX COCHBI OOBIKHOBEHHOM.

Kniouesvte cnosa: cocna obwiknogennas Pinus  Silvestris L., e
esponeiickas Picea Abies, UK-Dypve cnexkmpockonus, Xumuieckuil cocmas,
Hakonjiexue noAIOMmanmos.
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BBEJAEHUE

HHTeHcuBHOE pa3BUTHE MPOMBIILICHHOCTH U TPAHCIIOPTA B MOCTIEIHNE
JIECATUIICTUS] BBI3BAIIO PE3KOE YBEIMYEHUE MOTPEOICHUs CHIPhS, TOIUIMBA U
yCHUJIEHUE 3arps3HEHUs] MPUPOIHOU cpelbl (aTMOc(epHOro BO3ayXa, BOJBI,
MOYBBI) pa3IMYHBIMU BBIOpOCAMH TEXHOTEHHOro mpoucxoxaeHus. C
YXYALICHUEM IKOJIOTUYECKON 0OCTAaHOBKH YBEIMYMUIIACh HArpy3Ka Ha JIeCHbIE
cooOmiecTBa, 4TO MOCTENEHHO MPHUBOAMT K CEPhE3HBIM HAPYIICHHSIM B HX
¢dbyakuroHupoBanuu. CuuTaeTcs, YTo NI YCJIOBHM JIECHOH mosiockl Poccuu
HanboJiee YyBCTBUTENBbHBI K 3arpsi3HEHUIO BO3yXa XBOWHBIC HACAKICHUS.
D10 00ycrnoBIMBAaeT BBHIOOP XBOWHBIX JIEPEBHEB KaK Ba)KHEHIIEro
MHJMKATOpa aHTPOIIOI€HHOT O BIMsIHUS [ 1].

Opuumu w3 Hauboyiee PACIPOCTPAHEHHBIX BHUJIOB  PACTEHUM-
OMOMHIMKATOPOB, HCIIOJIB3YEMbIX [UII OMOMOHHUTOPHHTA, SBISIOTCS €Ib
OOBIKHOBEHHass M cocHa oOObIkHOBeHHass [2]. CpaBHUTEIbHBIC aHAIU3
XBOMHBIX MOPOJ U APYTUX BUAOB B CAHUTAPHO-TMTMEHUYECKOM OTHOLIECHUU
MPUBOJIUT K BBIBOJY, UYTO HACAKICHHS M3 CHU30XBOWHBIX U CEPEeOPHUCTHIX
dbopM enmu 00JIamarOT OOJBINEH 3MMOCTOWKOCTBIO WM Ta30MOTJIOTHTEIHHON
crocoOHOCThIO [3].

[lockonpky  1mox  JOEHCTBHEM  AHTPONOTEHHOIO  3arpsA3HEHUs
OKpY>Karolen cpeibl B XBOWHBIX PACTEHUSIX MOTYT MIPOUCXOIUTh U3MEHEHUS
Ha XMMHUYECKOM M aHATOMHYECKOM YPOBHSX, TO 3()()EKTUBHBIMU METOAAMHU
U3ydYeHHs OJTUX u3MeHeHud sBisaTcs @Dypoe-UK cnektpockomus u
BbICOKO3(h(pekTuBHAS KHUIKOCTHAS Xpomarorpadust [4].

BonbmHCTBO paboT MO BIMSHUIO TEXHOTEHHBIX M aHTPOIOTE€HHBIX
3arpsiI3HEHUI MOCBAILIEHO BIUSHUIO BBHIOPOCOB HA ECTECTBEHHBIE JIECHBIE
HacaxaeHus. O ropoJCKUX MocajKax XBOWHBIX pacTeHUI TakUX pabOT OYEeHb
Mano [1]. 3arpssHenue armocdepHoro Bo3ayxa B T. TBepu (opmupyror
aBTOTPAHCIOPT, NPEANpUSATHS dHeprerudeckoro komiuiekca (TOL wu
KOTEJbHbIE), MPEANPHUATHS MAIIUHOCTPOCHUS, MPEANPUITHSI CTPOUTEIbHBIX
MaTEpHAJIOB.

3a nocneauue nATh JeT ¢ 2012 nmo 2016 roasl cpegHUEe KOHLUEHTPALUU
IUOKCUAAa  a30Ta, (opMaibAerujia, >kejle3a MOBBICHINCh, YPOBEHb
3arpsi3HeHusl aTMoc(depbl B3BEIICHHBIMU BEIIECTBAMHU, IUOKCHJIOM CEpBI,
OKCHJIOM a30Ta, CepOBOAOPOJIOM, OEH3(a)IUPEHOM, XPOMOM, ITHHKOM
MOHU3WICA. be3 u3MeHeHus COXpaHWJICS YpOBEHb 3arps3HEHUs aTMochepsl
OKCHJIOM YIJIEPOJIa, CBUHIIOM, HUKEJIEM, ME/IbIO, MapraHueM [S].

B Tsepu 76 mnpeanpusiTuii, HMEIOIIUX BBIOPOCH 3arps3HSIOLINX
BemiecTB B arMocdepy. 1o manHbIM rocymapcTBeHHOro nokmana 6omnee 20%
0T 00111e# CyMMBI BEIOPOCOB HE MPOXOISAT OUHUCTKY.

AKTyallbHOCTh Te€MbI O00YyCIIOBJIEHa HEOOXOAWMOCTBIO PETYISIPHOTO
HAOMIOACHNST M U3YyYCHMs DPEaKLMU XBOMHBIX JIepPEeBbEB Pa3HBIX BHJIOB Ha
a’pOTEXHOTEHHOE BO3/ICHCTBUE.
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Ilenp HacTosimielt paboOTbl — OIEHKAa BIMSHHUS aTMOC(EpPHBIX
MOJUIIOTAaHTOB HA XMMHUYECKUH COCTaB M MOP(QOJIOTHIO XBOWHBIX PACTCHHH,
MIPOU3PACTAIONIUX B YCJIOBHUSAX a3pOTEXHOIEHHOIO 3arps3HEHUs Tropojaa
Teepu.

B pabote ObuTu MOCTaBIEHBI CIEAYIOIINE 3aJaUH:

- onpeaenuth myHKTH coopa (IIC) oOpa3ioB XxBou B MeCTax ¢ pa3HOM
CTENEHbIO aHTPONIOT€HHOM Harpy3ku r. TBepu;

- W3y4UTh OCOOCHHOCTH BO3JICHCTBUS aHTPONMOTEHHOW HArpy3KH Ha
XUMUYECKHA COCTaB XBOWHBIX PACTEHUH: COCHBI OOBIKHOBEHHOW Pinus
Silvestris L. u enu eBpomneiickoit (00bikHOBEeHHOI) Picea Abies;

- CPAaBHUTH CTENEHb HAKOIUICHHUS MOJUTIOTAaHTOB B Uriax 1-ro, 2-ro u 3-
r'0 roJ1a )KU3HM JJIs1 KaXKJI0TO BUJIA JCPEBHEB;

- MPOBECTH MEXBHUJOBOE CPABHEHUE HAKOIUIEHUS MOJUIIOTAHTOB B
UTJIaX Pa3HbIX T'OJIOB KU3HH.

Memoouka. OCHOBHBIMUA XBOMHBIMH HACaXACHUSIMHM B 4YepTE ropoja
SBJISIIOTCS €1b OOBIKHOBEHHAs U elib Tosiy0as. B ropoje Hacak[eHUs COCHBI
OOBIKHOBEHHOM HAaxXOZSTCS B, TaK Ha3bIBaEMBIX, «UYHUCTBIX 30HAXY,
OTHOCALIMXCA K  0CO00  OXpaHsIeMbIM  NPUPOAHBIM  TEPPUTOPUAM
pPerMOHANbHOIO  3HAuYeHus, pomM U napku HacaxzaeHus  COCHBI
OOBIKHOBEHHOHM BCTPEYAIOTCS BJIOJIb aBTOMOOMJIBHBIX IIOCCE HA BbIE3/IE U3
ropojia ¥ eiepajibHbIX Tpacc.

COop, cymka ¥ XpaHEHHE MCCIEIYyEeMBIX PAaCTeHUH HPOM3BOJIWIN B
cooTBeTCTBUU C TpeOoBaHusiMu l'ocynapcrBenHoit ®apmaxoneu, 'OCTos
[6].

UccnenoBanust mpoBonunu B oceHHud mepuon 2017 roma. COop
00pa31oB UIJI COCHbI OOBIKHOBEHHOI 1-T0, 2-Tr0 1 3-r0 roja *HU3HH, a TAKXKE
cyxux onaBuux uri. Coop oOpa3noB Ui enu eBporeickoit 1-ro, 2-ro u 3-ro
rojia *KM3HH, U CyXUX WUIJI Ha BETKaX.

[TynxTsl coopa (I1C) oOpa31ioB npeacTaBieHsl B Ta0I. 1.

Bcero npoananusupoBano 27 00pa31ioB XBOHHBIX UTJI.

Jna 3anucu UK cnekTpoB HCHONb30BaIM CTAaHAAPTHYIO METOAMKY
MpPUrOTOBIEHHS TabneTok ¢ Opomuaom kanus (KBr) [7].

WNurepnperanus mnonydeHHblx MK crekTpoB ocymecTBisuiace ¢
NOMOIIBI0 Tabsl. 2, TAe MNpeicTaBlIeHO OoTHeceHHe ocHOBHbIX MK moioc
roriomenwus [8,9].

B maGopaTopHbIX YCIOBHSX NpOBEIEH aHAIU3 OOpa3llOB XBOW, C
nomotpsto Merona MK-@ypee-crieKTpoCKONUH B 5S-TH KPaTHOM IOBTOPEHUU
U3MEPECHU.

KauecTBeHHBI XMMUYECKHMI COCTaB ompenenunu ¢ nomompro K-
®ypre ciektpomerpa «Equinox 55» ¢gupmer Bruker (I'epmanus) B LienTtpe
KOJUIEKTUBHOT'O IOJIb30BaHUs TBEPCKOro rocyl1apCTBEHHOIO YHHBEPCHUTETA.
KadecTBeHHBIN COCTAaB MOTYyYEHHBIX OOpaA3IOB CPABHUIM IO COIEPKAHUIO
JUISL Pa3HBIX BUJIOB XBOMHBIX JIEPEBBEB.

105



Becmnuk Tel'Y. Cepus: Xumusi. 2018. Ne 3.

PE3YJIbTATBI 1 OBCYXJIEHHUE

UK cnexkTpbl uccieqoBaHHBIX 00pa3lOB UIJT Pa3HbIX TOJOB KU3HU
COCHbI OOBIKHOBEHHOM M3 YMCTOM 30HBI U 30HBI C BBICOKON aHTPONOIE€HHOMN
Harpy3koil B T. TBepu mpexacrariensl Ha puc. 1 u puc. 2. B UK o6nactu
(4000 — 2000 cmt) 3HAYUTENLHBIX H3MEHEHHI HE 0OHAPYKEHO.

Tabmuma 1.
[TyHkThI cOOpa 00pa3IoB XBOM COCHBI 0OBIKHOBEHHOI Pinus Silvestris L. u

enu esporeiickoii Picea Abies B r. Tsepu

Ne IIC | Mecro cbopa OObekT coopa XapakTepHucTHKa
00pasmoB 3arpsA3HAIONIETO BIMSHASI Ha
aTMocdepy
I1C1 Komcomomnbckas CocHa Yucras 30Ha (0c000
pora OOBIKHOBCHHAS oxpaHseMas IpHUPOIHAs
Pinus Silvestris. Tepputopusim). GoHOBbIE
Urner 1-ro, 2-ro, 3- | moka3aTenu 3arps3HEHUs M10YB,
T'0 TO/1a )KU3HU. pacTteHui u aTMocdepsl.
[HC 2 | Cankr- CocHa TpaHcnopt: yrapHblii ras,
[etepOyprckoe OOBIKHOBCHHASI OCH30J1, OKCHJ CEPbI, THOKCHU]T
Iocce, BbIe3 ] Ha Pinus Silvestris. CepHl, OKCHJIBI a30Ta.
dbenepanpayto Tpaccy | WUrasl 1-ro, 2-ro, 3-
M-10 I'0 TOJ1a KU3HH,
CyXHe OTaBIIIKE
UTJIBL
I[IC 3 | Crapurkoe mocce 1. | CocHa Tpancnopt: yrapHblii ras,
2 OOBIKHOBEHHASA OCH30JI, OKCH]I CePHI, THOKCH]T
Pinus Silvestris. Cepbl, OKCHJIBI a30Ta.
Wrmer 1-ro, 2-To, 3-
T'O TO/1a )KH3HH,
CyXWe OIaBIIIHe
UTJIBL
I[IC4 | yn. UanyctpuansHas, | Enb eBpomneiickas BrI6poCH SHEPTeTHUECKIX
n.1: TOII 4 Picea Abies. Urnel | npeanpusiTuii. ABTOTPaHCIIOPT.
1-ro, 2-ro, 3-ro
roJia XKHU3HH.
[CS5 | yn. [Mamm Enp eBpomneiickas Bri0pockr B atMochepy
CagesbeBoit 1.60: Picea Abies. riel | XUMHYECKUX TPEIIPUSITHI:
OAO Crexnomnactuk | 1-ro, 2-ro, 3-ro CTHPOJI, TOTYOJI,
roJia KHU3HH. CTEKJIOTIACTUKOBASI ITBLITH.
BrIOpocH aBTOTpaHCTIOPTA.
[HC 6 | yn. Moxaiickoro: Enb eBpomneiickas Tpancnopt: yrapHblii ras,
FOXKHBII MOCT Picea Abies. Urner | 6eH30J1, OKCHJT CEPBI, IUOKCHU]T
1-ro, 2-ro, 3-ro Cephl, OKCHJIBI a30Ta.
roja xm3Hu. Cyxue
UTIIBI HA MYTOBKAX
1-ro roja KU3HU.
[C 7 | yn dopommxa, 451 Enb eBponeiickas Bri6pocsr
OAO «TB3» Picea Abies. ribl | MaIlIHHOCTPOMTEIBHBIX 3aBOJIOB:
1-ro, 2-ro, 3-ro TSKEJbIe METAJLIbI, POAYKTHI
rojia *HU3HH. CropaHusl TOILIMBA,
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MeTaJuIndecKas U MIacTUKOBast
bLIb. ABTOTPAHCHOPT.

IIC 8 | Yu. CoBerckas a.5: Ennb eBpomneiickas Br1Opockr aBTOpaHcmopTa:
I'naBmouramt Picea Abies. Urnel | yrapHslii ra3, 6eH3011, OKCHT
1-ro, 2-ro, 3-ro CepBbl, AUOKCH]] CEPHI, OKCHUIBI
TOJIa )KU3HM. asora.
Tabnuua 2

Ortnecenrie K mosoc morjommeHus B CIEKTpax 00pasioB XBOMHBIX UTJT COCHBI
obrikHOBeHHOM Pinus Silvestris L. u enu eBporneiickoii Picea Abies [7, 8].

YacroTa, cM -

WHTepnpeTaiust Moiaoc MOrIomeHHS

~3420-3410 Banentusie konebanust —OH rpymmst (VOH)
~2930-2922 AccuMmeTpuyHbIe BaJleHTHBIC Kosebanus rpynmsl C—Hp,
(vasCHy)
CuMMeTpHYHBIC BaJIeHTHBIC KoseOanus rpymmsl C—Hs,
~2855
(vsCH3)
~2040; ~1741-1732; _ —
~1700: ~1695 Banentnsie konebanus C=0 (vC=0)
~1653-1619 Konebanus Amun | (vC=0)
~1540-1513 Kone6anus Amup II (vO-C-N)
~1450-1440 Jedopmanmonnsie konedanus rpynn CHo u N-H
~1423 Hedopmanmonnsie konedanus rpynn CH> u OH
CuMMeTpHYHbIE BAJICHTHBIC KOJIEOAHHs TPYIIIIbI
~1385
ankmtHUTPaToB (vs-O-NO3)
~1320-1315 AccuMeTpruiHbIe BaJICHTHbIE KOJIEOaHHUs TPYIIIbI CYJIb(OHOB,
(vaSOy)
~1285-1280 AccuMeTpHUYHbIE BaJICHTHBIE KOJIEOaHHUs CIO0XKHBIX 3(HUPOB
(vasC—0-C)
~1250-1233 Kose6anus Amun I, (-NH)
~1228 Konebanus rpymmsl cynbdokucior, R-SO,-OH
~1201 BanentHsie u neopmannonnsie konedbanus rpynma C—O u
OH (vC-0), (60H)
CuMMeTpHYHbIe BAJICHTHBIE KOJIEOAaHUs aIKWICYIb()OHOB
~ 1168
(vsR-SO2)
~1100-1060 Banentusie xonedanus rpyni (VC—0), (vasCOC)
~1075-1062 CummeTpuyHbIe BasleHTHBIE Konebanus rpynnsl C—O—-C
(vsC-0-C)
~1030 Banenrneie kone6anus rpymnmnsl OH, (VOH)
892 Hedopmarmonnsie kosiedanus C—H B rpynne C=C-H
~871 Konebanus rpynsl cynbdaros (RO)2SO2
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~802 Hedopmarmonnsie konebanns C—H B rpymme C=C-H

Jedopmanmonnsie konebanus cyabdporpymmsr, R—SO-—R

~781-768 (6S0»), cynpdhons!

—670-662 Hedopmanmonnsie konebanus cyabdporpymmsr, R—SO-—R
(6S0>), cynbdhons!

~540-519 Jedopmanmonnsie konedanus cyiabdorpymms;, R-SO-—-R

(6S0»), cynbdhons

OcHoBHble m3MeHeHus B MK cmekrpax oOHapyKeHBI sl 00IacTH
«oTreyaTkoB nanbiesy (1800 — 400 cm™).
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YacroTra, cMm-1

Puc.1. UK criektpsl npomnyckanusi 00pa3iioB XBOU COCHbI OOBIKHOBEHHO# Pinus
Silvestris L., coopannsie B porosoii 30ue TIC 1: 1 — urumsr 1-ro roaa, 2 — Uris! 2-10
rozaa, 3 — urisl 3-ro roja.

[Tpu uzyuenun MK cnexTpoB 00pas3ioB COCHOBBIX WIJI Pa3HbBIX T'0/IOB
KHU3HU HAOIOAAETCs] MHOTO T10JIOC MOTJIOIIEHUS.

V3MeHeHHs B CIIEKTpax IMOTJIOMICHUS B COCHOBBIX HMIJax 1-ro u 2-ro
rOZIOB JKM3HU IpakTH4Yeckun He Habmomaercs. OCHOBHBIE H3MEHEHHs B
MOJIOCaX TIOTJIOMIEHHS COCHOBBIX HWIJT 3-TO Toja XKM3HH, B CPAaBHEHHH C
MepBBIM U BTOPBIM rojoMm ku3Hu: ~1640-1610, ~1540-1510, 892-880, 780-
760 1 670-662 cM*. DTH MOTOCH! COOTBETCTBYIOT KONEOAHUAM Pa3THUHBIX
XapaKTEePUCTHUUECKUX TPYII, KOTOPbIE COOTBETCTBYIOT TaKUM THIIaM
COeNMHEHNH Kak: ankumdupsl aszoTmcToil kmcmothl (1640-1610 cwml),
BTOpHuHble amkumamunbl (1510 cml), mpowmssogusle Gemsoma (892 cml),
cymbhoxncnorsl RSOsH (780, 670-662 cm™).

HauOonpiire M3MEHEHUs! B CIEKTPax IOTJIOUICHUsT HAaOIIONAIOTCS B
CyXmx wWrmax B obmactu xoneGammii: ~1730, ~1701 cm? (BameHTHBIE
xonebanus C=0); ~1640 cm? (Banentnble koneGamms amun 11 O-C-N);
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~1168 cm* (BanenTHBIE Konebanus ankuicyinbGoroB R-SO); ~ 892-880 cm

(nedopmanmonHbIM KoJeOaHusM rpyribl cyibdaToB (RO)2SO).

3HauYMUTENbHBIX U3MEHEHUN B mojocax noriomenus UK cnektpos B
cocHoBbIxX uriax ¢onosoit (IIC 1) u antponorennoit (I1C 2, IIC 3) 30Hax He
Haomonaercs (puc.3). IIpu uzyuenun MK-cnexkTtpoB o0pa3iioB pa3HbBIX JIET
JKU3HU U3 30HBI C BhICOKOW aHTpomnoreHHoi Harpy3kou (IIC 2 u IIC 3) u
donoroit 30ubl (IIC 1) HabGmOmaETCs yBEIMYEHHE MHTECHCHUBHOCTH TI0JIOC
MOTJIONICHUS, KOTOPBIE COOTBETCTBYIOT PAa3IMYHBIM THUIIAM COCIMHCHHIA:
O-TajJoreH3aMelleHHble  KeToHbl (~1730 com?), ankmmdupsl  a3oTHCTOl
kucinotel (~1640 cm?); Bropuumble amkumammusl (~1513 cml), mu- m
TeTpa3aMelleHHble TpoM3BoAHEIE OeHzoma (892 cm?), cymbhoKHCTOTH
RSOsH (~781 em?, ~669 cmb).

[Tponyckanue

1 1380
0,1 1729 1644 892

0,0 . , . , . , . , . ,
1800 1700 1600 1500 1400 13(¢

YacroTra, cm-1
Puc.2. UK crekTp mnpomyckaHuss 0oOpas3iioB XBOHW COCHBI OOBIKHOBEHHOW Pinus
Silvestris L., coopannsie B TIC 2 Brons Cankt-TleTepOyprekoro mocce Ha Bbiesze: 1
— uriel 1-ro roga, 2 — urinel 2-ro roja, 3 — urisl 3-ro roaa, 4 — CyxXue Urisl.
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Puc.3. CpaBmenne WK cmektpoB mpomyckaHuss oOpa3loB XBOHM COCHBI
o6bikHOBeHHOM Pinus Silvestris L. 3-ro roma sxusau: 1 — TIC 1 Komcomornbckas
poma, 2 — I1C 2 Cankr-IleTepOyprekoe mocce, 3 — [1C 3 Crapuikoe miocce.

UK criekTpbl HCCIIeOBaHHBIX 00PA3IOB UIJI Pa3HBIX TOAOB JKU3HU €1
eBporeiickoii Picea Abies, coopannbix B [IC 4 — 8 npezcraBiieHbl Ha puc. 4-
7. B UK o6nactu 4000 — 2000 cM™* Takke He HAOMIONAIOTCS 3HAYHTEIBHBIX
W3MEHEHUH, a OCHOBHBIC U3MEHEHUs1 0OHapyxeHbl B obmactu crekrpa 1800 —
400 cm™.

3naunrtenbHble u3MeHeHus B MK crektpax nmornomeHust o0pas3inoB Uri
€I EBpPONEHCKOM pa3HbIX TOAOB JKM3HU OOHapyxkeHbl ans Bcex I[IC.
OcHOBHBIE M3MEHEHHUS B I0JIOCAX IOTJIOMIEHUs] HaONI0JaloTCsl B 00JIacTH
konebannii: ~1730-1710, ~1701, ~1660-1640, ~1520-1510, ~1390-1380,
~1320-1310, ~1245-1210, ~ 902, ~880-870, ~ 780-770 u~ 670 cmL.

OTH  TOJOCHl  COOTBETCTBYIOT  DPAa3JIMYHBIM THUIAM  KosieOaHUs
XapaKTEePUCTHUECKUX TPYII, KOTOPBIE COOTBETCTBYIOT TaKUM THIIAM
COoelIMHEHHil  Kak:  o-TajoreHzamelleHHble  keToHel (1730  cmY),
anmudarnyeckue ketonsl (1720-1700 cm™?), ankumdGupsI a30TUCTOH KUCTOTHI
(1640 cml), Bropuunsle ankunamunsl (1510 cm™), ankumautpaTsr (~1390-
1380 cmt), mpomsBoausle Gernzona (902 u 892 cm?), cymbhoxucnorsr RSOsH
(1320, 780-770 u 670 cm™).
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Puc.4. UK cniekTpsl mpormyckanus oOpa3lioB XBoM eiu eBporeiickoir Picea Abies
cobpannbix u3 I1C 4 TOL-4: 1 — wurnet 1-ro roga, 2 — Urasl 2-ro roaa, 3 — Urisl 3-
ro roja.
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Puc.5. UK cnektpsl mpomyckaHust o0pa3ioB XBOW e eBporelickoir Picea Abies
coopannbix u3 I1C 5 3aBox Creknorutactuk: 1 — urisl 1-ro roga, 2 — Urjbl 2-ro
roaa, 3 — uriel 3-ro roga, 4 — Cyxue uriebl.
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Puc. 6. UK criekTpsl poryckaHust 00pa3IioB XBOU €JIH €BPOIEHCKOM COOpaHHBIX U3
IIC 7 TB-3: 1 — wrnisl 1-ro roma, 2 — UTaIel 2-T0 TOAa, 3 — UTJIBI 3-T0 TOJAa.
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Puc. 7. UK crextpsl mpormyckaHust o0pa3IioB XBOM elu eBporeiickoil Picea Abies
cobpannbix u3 [1C 8 CoBerckas mwiomanb: 1 — uriel 1-ro rona, 2 — uriel 2-ro roja,
3 — urisl 3-ro roja.
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[Ipu cpaBHenun WK cnexkTtpoB morjomeHus o0pa3lioB WL €Iu
eBporeiickoit Picea Abies 3-ro roaa >xusznu codpanubix u3 IIC 6 u I1C 8 ¢
AQHAJIOTMYHOM TEXHOTEHHOM Harpy3koil (aBTOoTpaHCHOpT) HabI0gaeTCs
U3MEHEHH B o0iacTu kKonebanmii: ~1615, ~1510, ~1292, ~1245, ~870, ~ 820
eMl, ~590 cm. DTH MOMOCHI COOTBETCTBYIOT PA3IMYHBIM THIIAM KOJICOAHHMS
XapaKTePUCTUUYECKUX TPYMM, KOTOPbIE COOTBETCTBYIOT TaKUM THIIAM
COCJIMHEHMIT Kak: ankuimdGupbl a30TUCTOH kucaorel (1640-1610 cml),
BrOpuuHble  amkumamudel (1510 cml),  adupsl  HempemenbHBIX
apomarnuecknx kucnotr (1292 cm?), Bropuumble amumsl (1245 cml),
npomsBoubie Oenzona (870 cml), cympdokucnorsr RSOsH (820, 590 cml),
YTO yKa3bIBaeT HA Pa3HYIO CTENEeHb aHTPONOreHHOW Harpy3ku B 3Tux I1C, u
u3MeHeHus B uriax 3-ro roaa u3z [1C 6 3ameTHBI, 10 CPAaBHEHUIO C UTJIAMH U3
I1C 8.

Cpasnenne MK cnexTpoB moriaomeHns 00pa3ioB Uil 3-To roja KU3HA
enu esporneiickoil u3 [IC 4-7, ¢ pa3au4yHOd aHTPONOT€HHOM M TEXHOTE€HHOMN
Harpy3koil mpexacraBieHo Ha puc. 11. BugHo Oonblioe KOJIMYECTBO
pa3auuuMii B TMOJIOCaX TOTJIONICHMs, 4YTO YKa3blBaeT Ha MOTJIOUICHHE
pPa3IMYHBIX COCIMHEHUW HWIJaMH €JIM €BPONEHCKOM B 3aBUCUMOCTU OT
MyHKTa cOopa.
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Puc. 10. CpaBnenue VK criekTpoB npomyckaHusi 00pasiioB XBOM €I €BPONEHCKON
Picea Abies 3-ro roma sku3uu codbpanHbIX 0K0J10 gopor: 1 — TIC 6, 2 —TIC 8.

113



Becmnuk Tel'Y. Cepus: Xumusi. 2018. Ne 3.

0,5

0,4

0,3 +

[Ipomyckanue

0,1 4

780 674
519

1315 1245

0,0

T T T T T T T T
1400 1200 1000 800 600
Yacrorta, cMm-1

Puc. 11. CpaBrerne UK criekTpoB mporyckaHusi 00pa3iioB XBOH €A €BPOMEHCKON
Picea Abies 3-ro roga XuW3HH COOpaHHBIX M3 MECT C pa3HOW aHTPOMOTECHHOM
Harpyskoii: 1 — I[IC 4,2 -TIC 5,3 -T1IC 6,4 —-TIC 7.

IIpu cpaBuenun MK cnekTpoB 00pa3oB UIT COCHBI OOBIKHOBEHHOMN
Pinus Silvestris L. U emu eBpomeiickoit Picea Abies (puc. 12, 13),
coopannbix u3 [1C2, I[1C6 u [1C8 ¢ aHanorn4Hoi aHTPOMOTreHHOM HArpy3Koi
(aBTOTpaHCIOPT) HAOMIOMAIOTCS 3HAUUTENBHBIE pAa3IHYMsl B TOJ0CAX
MOTJIOIIEHUS, YTO OCOOEHHO 3aMeTHO Ha o0paslax Mri 3-ro roja >KU3HU:
~1730, ~1653, ~1615-1600, ~1520-1510, ~1440-1425, ~1390-1380, ~1320-
1310, ~1245, ~880-870, ~ 780-770, ~ 690 cM™ . DTu MOTOCH COOTBETCTBYIOT
pPa3IMYHBIM THIAM KOJICOAHWS XapaKTEPUCTHYCCKUX TPYII, KOTOPHIC
COOTBETCTBYIOT TaKUM THUIIAM COEJUHEHHH Kak: o-TaJoreH3aMelleHHbIe
ketousl (1730 cm?), Bropmumbie ammmsr (1650-1640 cm?), BTOpHuUHBIE
ankunamusel (1510 em™?), ankunaurpater (1385 emt), npoussonnsie Gensona
(880-870 cm?), cynpdokucnorsr RSO3H (1320-1310, 780, 670-662 cm™).

Ha ocHOBe mOMy4yeHHBIX MAAaHHBIX MOXHO 3aKJIIOYHTh, YTO COCHA
OOBIKHOBEHHASI SIBJISICTCS YYBCTBUTEIHHBIM OMOWHIMKATOPOM 3arpsi3HEHUS
BO3/lyXa, O YeM CBUJETEIIbCTBYET OTCYTCTBHUE UIJI 4-TO T0/1a )KU3HU U MaJloe
KOJMYECTBO WIri 3-TO roja >ku3HU. HakorjeHue MoiroTaHTOB MPUBOJIUT K
OBICTPOMY OTMHPAHUIO M OMNAJACHHUIO XBOHM, IO3TOMY MBI HaOII0IaeM
Hebonpmue u3meHeHus: B MK crekTtpax mormomenust urin 1 u 3-ro rona
KU3HU.

Enp OOBIKHOBEHHAS TaKKe SIBIISICTCS 9yBCTBHTEIHHBIM
OMOWHINKATOPOM  3arpsi3HEHUsT  BO3[yXa, KOTOPHIH  HaKaruIMBaeT
MOJUTIOTAHTBl U3 aTMOC(EpPHOro BO3yXa U MOYBBI, O YEM CBUAECTEIHCTBYET
pasnuna B K cniekTpax MOTrJIONIeHHs B UTJIaX Pa3HbIX JIET KU3HHU.
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Puc. 12. CpaBuenne MK cniekTpoB mpormyckaHus 0Opa3loB XBOH €M €BPOIEHCKOM
Picea Abies u cocHbl 0OBIKHOBEHHO# 1-T0 roma sku3HH, cobpanHbx u3 I1C BIOJB
aBToMoOmIBHBIX nopor: 1 — [1C 2,2 —TIC 6, 3 —TIC 8.
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Puc. 13. CpaBaenue UK crekTpoB npomyckaHust 00pa3lioB XBOH €M €BPONECHCKON
Picea Abies 1 cocHbl 0OBIKHOBEHHOM 3-TO roja »XU3HU coOpaHHbIX U3 pasusix [1C: 1
- 1IC6,2-TIC8,3-1IC3,4—-T1IC 2.

3AK/IIOYEHHUE

I[Tpu momoru meroaa MK-Dypre crieKTpoCKOMUH [1si 00pa3iioB XBOH
cocHbI 00bIKHOBeHHO# Pinus Silvestris L. u exu eBpomnetickoii Picea Abies u3
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[IC B r. TBepu uccnenoBaii XMMUYECKUNA COCTAB WUIJ1 PA3HBIX JIET KU3HU.
OcHoBHble U3MeHeHus: B uHTeHcuBHOCTH MK mosoc nornomieHus: COCHOBBIX
HIJI HaOIroAal0Tea B oonactu kojiebanumii: ~ 1730, ~1640-1610, ~1540-1510,
892-880, 780-760, 670-662 cmt. Dtu monock COOTBETCTBYIOT Pa3IUYHBIM
TUINaM KoJjeOaHUs XapaKTepUCTHUUECKHUX TPYII, KOTOPbIE OTBEYAIOT TAaKUM
TUMAM COEIMHEHHH KaK: o-TajoreH3aMerneHHble keToHel (1730 cm),
ankwmdGUpsl  a30THCTOH  Kuchnotel  (1640-1610  cm™t),  BTOpHYHBIE
ankunamuss! (1510 cm™?), npoussoansie 6ensona (892 cm™?), cyabdokucioTs
RSOsH (780 u 670-662 cm). CymiectBenHbIX n3MeHennii B UK crektpax
norsomieHus: cocHoBbIX uri u3 ¢onoBoi (IIC 1) u arrponorennsix (I1C 2,
I1C 3) 30H He oOHapyxkeHo. B UK criekTpax 00pa3iioB pa3HbIX JIET KU3HH U3
30H ¢ BbICOKOI anTpornoreHHoi Harpy3koi (I1C 2 u IIC 3) u ¢poHOBOI 30HBI
(IIC 1) naGmromaercss yBelMUYE€HHWE WHTEHCHUBHOCTHU IOJIOC TOTJIOMICHUS CO
BPEMEHEM.

B o0pasnax xBou enu eBporeiickoii Picea Abies ocHoBHbIE H3MEHEHNUS
B UK criektpax moriomeHust HaOIMIOJAI0TCS B TEX e 00JacTAX CIEeKTpa, 4To
U B oOpa3iax XBOM COCHbI 0OBIKHOBeHHOH Pinus Silvestris L., Ho a1n
M3MEHEHUs1 0oJiee BBIPAKEHBI, YTO CBUICTEIBCTBYET O OOJBIICH CTEeHU
HaKOIUICHHUS TMOJUIIOTAaHTOB B XBO€ €M eBpomeiickoil. [lpu cpaBHeHHH
0o0pa3IoB WIJT OBYX BHUIOB XBOWHBIX, coOpaHHbIX W3 [IC ¢ aHasormyHOM
AHTPONIOTEHHOW Harpy3koil, 3amerHa Oombmias pasuuma B MK chektpax
MIOTJIOICHUS, TOITBEPKAAIONIAs, YTO B UTJIaX €JIM €BPOIEUCKON HAKOIIJICHUE
MOJITIOTAHTOB M3 aTMOC(EPHOT0 BO3ayXa MPOUCXOTUT UHTCHCHBHEE, YeM B
UTJIaX COCHBI OOBIKHOBEHHOI.

Enp oObIKHOBEHHas: TPUMEHSETCS [UIS O3€JCHEHUS TOPOACKUX
TEPPUTOPUHN, TMOITOMY MOXKET OBITh WCIIOJNB30BaHA I ONpEIeICHUs
W3MEHEHUH B XUMHUYECKOM COCTaBE B 3aBUCHMOCTH OT MCTOYHHUKOB
3arpsi3HEHUSL.

Paboma evinonnena npu @unancosoii noooepcke Munobpuayku
Poccuiickoii @edepayuu 6 pamrkax binOIHeHUs 20CYOAPCMEEHHbIX pabom &
chepe  mayunou  OdesmenvHocmu  (npoexkm  Ne4.5508.2017/b4)  na
obopyoosanuu  lLlenmpa  komnekmusHoco  noavzoeanusi  Teepckoeo
20CY0apcmeenHo20 yHugepcumema.
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INFLUENCE OF ANTHROPOGENIC EFFECT ON THE CHEMICAL
COMPOSITION OF THE CONIFER NEEDLES PINUS SILVESTRIS

AND PICEA ABIES IN TVER CITY
E.M. Tarasova, S.D. Khizhnyak, A.F. Meysurova, P.M. Pakhomov

Tver State University, Tver

Using the method of IR Fourier spectroscopy, Pinus Silvestris L. pine needles
and european spruce Picea Abies, collected in Tver in zones with different
anthropogenic effect, established the qualitative chemical composition of
needles of different years of life. There are no strong changes in the
absorption bands of infrared spectra in pine needles of the ground and
anthropogenic zones. When studying the IR spectra of samples from different
years of life, an increase in the intensity of the absorption bands is observed
from the zone with a high anthropogenic effect and the ground zone. In the
pine needle specimens of the european spruce Picea Abies, the main changes
in the IR absorption spectra are observed in the same areas as in Pinus
silvestris L. pine needles, but these changes are more pronounced, which
indicates more accumulation of pollutants in the needles of the european
spruce. When comparing needle samples from two species of conifers
collected from a substation with a similar anthropogenic effect, significant
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changes in the absorption bands are observed, confirming that in the spruce
needles the european accumulation of pollutants from atmospheric air is more
intensive than in the needles of Scots pine.

Keywords: FTIR spectroscopy, pine Pinus Silvestris L., european spruce
Picea Abies, chemical composition, accumulation of pollutants.
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