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IIpoBeneH aHaIM3 CE30HHBIX H3MEHEHMil COCTaBa JKMBMIBI COCHBI OOBIKHOBeHHOH Meromom ‘H m BC SIMP-
creKTpocKonuu. braromapst 6;1aronpusTHEIM HOTOJHEIM YCJIOBUSIM (TIOJIOXKUTEIBHBIE TEMIIEPaTyphl B THA 0TOOpa 00pasIoB B
TEYCHHE ro/ia) TOMYyUYCHBI M HCCIICA0BaHbl 00pasibl a1 Kaxaoro us 12 mecsues. HccnenoBamu xiopodopmennbie (CDCls)
PacTBOPHI )KUBHIIBL. VIIeHTUPHUITMPOBAHBI M KOJMYECTBEHHO OIpEJeTIeHBl 8 CMOJISIHBIX KHUCIIOT: aOMeTHHOBAs, IeTHIPOAOUeTH-
HOBas, H30IIMMapoBasi, JIEBONMMapoBasi, HeOAaOUETHHOBAs, TTATIOCTPOBasi, MMMApPOBasi U CaHIAAPaKOIMMapoBas, a TakxKe 6 Mo-
HOTEPIICHOB: KaM(eH, TMMOHEH, MUPIICH, O-IUHEH, B-IIMHEH U TePHHHONEH. Y CTAHOBJIEHO, YTO B NIEPUOJ HU3KHUX TEMIICpaTyp
YMEHBIIIAeTCs KOJIMYECTBO BBIJCTHUBIIEHCS KUBUIIBI M COAEPIKAIIErocs B Hel o-TMHeHa. J[pyrie MOHOTEPIIEHBI B 3TO K€ BPeMst
B TIpeJieax OUIMOKK M3MepeHus He 0OHapykeHbl. [Ipennonokeno, 9to B 60pp0e ¢ HACEKOMBIMH-BPEAUTEIISIMA XBOWHBIX TJIaB-
HYIO POJIb HTPAlOT MOHOTEPIICHBI, KOTOPEIE 00pa3yloTcsl B MEHBIIINX KOIMYECTBAX B MEPHO]| aHAOMO03a BpeAUTENeH. Y CTaHOB-
JICHO, YTO COJIepKaHUEe NETHAPOAONETUHOBOM, N30MMMAPOBOil, HEOAOUETHHOBOI, MMMAPOBOI M CaHIAPAKONIUMAPOBOIl KUCIOT
B TE€YEHHE rojia M3MEeHseTCsl He3HaunTenbHo. OOHapyKeHa CBS3b MEXIY KOJMYECTBOM aOHETHHOBOM, JICBOMMMMApOBOH U Ma-
JIFOCTPOBOH KHUCJIOT B COCTaBe JKUBHIBL [IpennonoxeHo, 4To HaOMrogaomasics CBsi3b 00yCIOBICHA HU3KOTEMIEPATyPHBIMH
KaTAIUTHYECKUMH PEaKIHIMH M30MEpU3alUH JICBOITMMAPOBOH KHUCIOTHI C 00pa3oBaHHMEM, IMIABHBIM 00pa3oM, aOMETHHOBOW
KHCTIOTEL. BBICKa3aHO MpenonokeHne 0 HeOOXOANMOCTH YUUTHIBAT 3TH MPOLECCH JUTS UCKITIOYEHHS OIMIMOOK IIpH Ompesiene-
HHUH COJCPrKaHUs yKa3aHHBIX KUCIIOT B JKHBHUIIE TAKE B CIydae CTATHCTUYECKOTO aHAIH3a.

Knioueswie cnosa: Pinus sylvestris L., »uBuiia, MOHOTEPIICHBI, CMOJISTHBIE KHCIIOTHI, ClieKTphl SIMP.

Coxpawenus: SIMP — snepHbIit MarHUTHBIH pe3oHanc, [ KX — razoxkuakoctHas xpomarorpadust, MT — MOHOTEpIIEHEL,
CK — cMOJIsIHBIE KUCITOTHI.
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MPOMBIIIJICHHOCTH W MOXET COAep)kaTh Mo o0vemMy <25% »s¢upHOro mMacia, KOTOPOE OTACISIOT HEPErOHKON
C BOJASHBIM IapOM ¥ Ha3bIBAIOT JKMBUYHBIM ckunuiapoM. [locie oTroHkm 3¢upHOro Macia ocraercs TBeplas
cMora — KaHu(onb. M3 cCKunuaapa noirydaroT JIaKH, PACTBOPUTENH, apOMaTH3aTOPHI, KIIESIIHUE BELIECTBA U IPYyTHE
npoayktel. KaHudosnb npuMmeHsieTcsi B MbUIOBapEHHH, OyMa)KHOH, pEe3MHOTEXHUUYECKON M JIAKOKPACOYHOW IMpo-
MBIIIIIEHHOCTH.

B 0630pe [1] moapo6GHO onncaHbl XUMUYECKUE PEAKIM KOMIOHEHTOB JKMBHIBI — MOHOTepIieHOB (MT) u
cmorstHbIX KucioT (CK). MT u CK ogHOBpeMEeHHO HaXOAATCS B pa3iIMYHBIX TKaHAX COCHBL CopepkaHue KOMIIO-
HEHTOB M3y4YCHO B MTOJIKax COCHbI 00bIKHOBEHHOMU (P. Sylvestris) mpu momornu ra3oBoii xpomaTorpaduu u Macc-
criekrpometpun (I'’X/MC) [2]. DkerpakThl mmmek cocHsl amtenckoii (P. halepensis), cocusr 6pyruiickoii (P. bru-
tia), muauu (P. pinea), cocHbl OOBIKHOBEHHO# M COCHBbI 4epHOil (P. nigra) mpoaHanW3MpPOBaHBI METOIOM
I'’X/MC [3]. Henmery4une KOMITOHEHTHI 3KCTPAKTOB HIOJOK, IIOOETOB M HApy>KHOW KOPBI MCCIICAOBAHBI 3THUM XK€
MetozoM Juisi cocHbl rycrousetHoit (P. densiflora) [4] u cocuer Tyn6epra (P. thunbergii) [5]. XKusuuy cocHsr
ckpyderHoii (P. contorta) uzyummm meromom I'X [6].

AHalu3 KHCIBIX U HEWTPaIbHBIX JUTEPIIEHOB KHBHIIBI COCHBI YePHOM ObLT poBeneH Metogom BC IMP B
CDCls [7, 8]. *H u 3C SIMP cnekrtpaibHOe OTHECEHHE AUTEPIIEHOB abueTaHa cocHsl renbapeiixa (P. heldreichii)
U COCHBI UepHOii 0110 crenano B pa3ubix pactBopurensix: CDClz, CsDs, CD30D u (CD3),CO [9].

KonmuectBennoe onpeneneHne CK B sxuBHIle cocHBI puMopckoi (P. pinaster) ocyriecTBieHO MmpH Io-
momu *C SIMP B CDCl; [10]. durepnens! abueTaHa ObUIM CHHTE3HPOBAHBI U IIPU MOMOIIM KOPPEIAMOHHOMN
CIEKTPOCKOIHMHU OTHECEHbI NMHUU B crektpax ‘H u 3C AMP [11].

Merox *H u *C SIMP 6511 npuMeHeH HaMH JIJIs1 aHau3a 6ajib3aMOB KUBUILI COCHBI OOBLIKHOBEHHOM [12],
camotii xuBuIH [13, 14] 1 karnd oM u3 Hee [ 14].

B pabotax [15, 16] npu momouu [KX un SIMP n3yueHo BnussHUE IPOMBILIUICHHBIX 3arpsi3HEHUH, PagnoaK-
THUBHBIX W TOKCUYHBIX 3JIEMEHTOB HA XUMHUYECKUH COCTAaB XKHUBUIIBI COCHBI OOBIKHOBEHHOH.

H3y4yeHue BIUSHUS Pa3IMYHBIX JOOABOK K KOMMEPYECKOMH macTe Jisl YBEIWYCHHS BBIICICHHS KUBHLBI U3
COCHBI OOBIKHOBEHHOW ITOKA3aJI0, YTO OHO 3aBHCUT OT ce30Ha 1oxacoukH [17]. Haunbonplnee KOMMYECTBO KUBHIBI
BBIJICJIACTCS] U3 INOJICOYCHHBIX JIEPEBbEB B JICTHUH mepHoA. Takum oOpa3oM, COCTaB KHUBHIIBI COCHBI HOAPOOHO
W3ydaycs, HO Ce30HHBIC €r0 M3MEHCHHsS MpOoaHaM3UpOBaHbl HemoctaTowyHo [18]. B pabore [19] Opumn, omgHako,
OTCJIEKEHBI U3MEHEHHs, IPOMCXOIIUE B TEUEHHE roJla B COJAEPKAHUU TEPIIEHOB, BBIICIAEMBIX XBOEH COCHBI —
aHanu3 nposeneH merogamu SAMP u IOKX. IIpu sToM uccienoBaHa AMHAMUKa COAEP)KaHUS NUHEHOB, KapeHa,
KaMm(eHa, TUMOHEeHa, OOpHHIaIeTaTa, kKapuoduiuieHa U kaguHeHa. [lockonbky 3¢upHOE MacIo XBOM II0 COCTaBy
oTIMYaeTcss OT AIPUPHOrO Macia (CKUMUAApa) KHUBUIIBI, HHTEPEC MPEJICTABIIET IPOBECTH TAKOE MCCIIECTOBAHUE B
OTHOIICHHH UMEHHO KHBHUIIBI.

Ce3oHHbIE U Teorpaduyeckue Bapuanuu B cojaepxanun teprieHoB, CK 1 GeHooB B XBOe CEsHIIEB COCHBI
OOBIKHOBEHHOH, BBIPAIIEHHBIX B MMTOMHHKAX, omMcaHbl B padote [20]. bputo ycTaHOBICHO, YTO BECHOH B XBOE
nob6eros Obu10 Gosbire MT, B T.4. 3-kapeHa, o-TIMHEHA, P-IMHEHAa U caOWHEeHa, HO KOJIWYECTBO MUPLEHA M TPH-
IIUKJICHA YMEHBIIIAJIOCh 110 CPABHEHHIO C O0CeHbI0. OCEHBIO KOHIICHTPALNH JICBOIIMMAPOBOI U JETUAPOAOHETHHO-
BOW KHCIIOT OBUIH BBIIIE, @ KOHLICHTPAIMH MAJTI0CTPOBOI, a0METHHOBOM N HEOAOMETHHOBOM HIXKE.

[TpoBeneHo ucclienoBaHue cocTaBa U (PU3MKO-XMMHUYECKHX CBOWCTB JKMBHIIBI COCHbI OOBIKHOBEHHOI, IPO-
n3pacratomeii B [Tompmre [21]. Ananu3y noasepriuch 343 oOpasma KUBUIEI, OTOOPAHHBIX €KEMECSIHO C Mas 110
ceHTsI0pb B 1976-1979 rr. Ha y4acTKax IOJCOYKH B 5 JIECHBIX paliOHaX. YCTAaHOBIICHO, YTO COJEPIKAHUE CKHITH-
Japa B *kuBHUIle yMeHbIaercs ¢ 19.7 no 16.5% mnpu nepexone oT MaliCKuxX K CEHTSIOpPbCKUM oOpa3iaM. [ maBHbIM
KOMITOHEHTOM CKHIUJApa SBISIETCS O-IMHEH, COIEePKaHne KOTOPOT0 COOTBETCTBEHHO 55.6 1 49.7% Ijisl 105)KHOTO
u ceBepHOTO parioHoB. Coxepkanrne CK B kKaHH(OIM HEe 3aBHCUT OT MecTa cOOpa >KUBHUIIBI H Bo3pacTaeT oT 92.0
110 93.2% npu nepexojie OT MaCKHUX K CEHTIOPbCKUM 00pasiam.

= JlutepaTypHbIi TOUCK TOKA3al, YTO CBEIEHHS O
Jlamviuesuy Upuna Anexcanoposna — Hay4qHbIi COTPYTHUK patyp ’ a
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3HAYUMOCTb.
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B cBs131 ¢ BBIIEN3105KEHHBIM LIEITHIO ,I[aHHOI‘/'I pa6OTBI OBLIO N3Yy4YCHUEC CC30HHBIX M3MEHECHHM COCTaBa JKHBH-
bl COCHBI OOBIKHOBEHHOH B TCUEHHE roaa, B3ATOI U3 OJHOI'0 ACpeBa ()_'IJIH HUCKIIIOYCHUSA CTATUCTUYCCKOT'O BbIpaBHU-
BaHUA KOJIMYIECTBECHHBIX XapaKTEPUCTUK, KOTOPOE MOKET HUBEIINPOBATH pa3n1/1111/1;1). I/ICCHGZ[OBaHI/I}I TIPOBEACHBI ME-
TOAOM ﬂMP-CHeKTpOCKOHI/II/I BBICOKOI'O pa3pCuICHU, KOTOpI)IfI obecrieun JNOCTHKEHHE TIOCTABIICHHOM 1IETIH.

3Kcnepumeumaﬂbuaﬂ yacmo

OG6pa3siibl sxuBHUIEL 0TOMpanu y 40-1eTHei cocHbl P. sylvestris L, pactyiueit B ceBepHOM Jieconapke MuH-
cka. Otbop mpomsBoamics 12 gucima Kaxaoro mecsma, HaunHas ¢ aBrycta 2019 r. mo asryct 2020 r. BKIIOYH-
TenbHO. JJIs BBIEIEHHs KUBULBI yIAIMIM KOPY JiepeBa ¢ miomanu ~4 cm?. Tlepen oT6OpoM BhIIEIEHHOE MECTO
OUMIIATH U COOMpaIN )KUBUILY, BBIACIMBIIYIOCS B TEUEHHE CYyTOK. B 3aBHCHMOCTH OT BpEMEHH Tojla KOJIMYECTBO
obpasna BapeupoBanock oT 0.01 r 3umoii 1o 0.50 r ngerom. [ToroxHsle ycioBus cOopa 00pa3OB KMBHIBI COCHBI
TpeCcTaBJIeHbI B Tabmmme 1.

Takum oOpa3oMm, B TeueHHe rojia B JHU 0TOOpa 0OpasloB TemIlepaTypa MMelia MOJI0KUTEIbHbIC 3HAUCHUS,
YTO CIIOCOOCTBOBAJIO BBHIJEICHHIO )KUBHILBI. MakciuManbHoe 3HadeHue (+27 °C) Habmoaanock B HIOHE, 8 MUHUMAJIb-
Hoe (+1 °C) — B mekabpe. st mpoBeneHus aHamm3a MerogoM SIMP ObuTH TPUTOTOBICHBI PACTBOPHI KUBUIIEI B
CDCls. KosnmuecTBO pacTBOpEeHHOr0 00pasia 3uMoii coctasisiiio ~10 mr B 0.5 mit pactBoputes, jetoM — ~80 mr.

Crexrpsl SIMP 0pumn 3anmcansl Ha ciekrpoMerpe AVANCE-500 ¢ padourvu gactoramu 500 u 125 MI'm
s apep *H u BC, cootsercrrenno, npu temneparype 20 °C. TIpOTOHHBIE CHEKTPBI PETMCTPUPOBAIN B «KOJIHYE-
CTBEHHOM)» PEKUME, IIPU ATOM UCHOJB30BaIH 30°-i UMITYJIbC, IPU 3aIIUCH YIJIEPOJHBIX CIEKTPOB — 60°-i. Penak-
CaIlMOHHAs 3aJIePKKa MEXKTy UMITYJIbCAMH COCTaBJIsIa 5 CeK B 000HX ciryuasx. [l uaeHTUUKAIUE COSTUHCHU I
B MJICHTUYHBIX YCJIOBHUAX TpeABapuTeNbHo Obutn 3amucanbl *H n *C cnextpsl npeanonaraemeix CK u MT. Tlo-
CKOJILKY HHTErpallbHble MHTEHCHBHOCTU CUTHAJIOB B CHEKTpax ‘H HMHAMBMAYaIbHBIX COEIMHEHHH OTHOCHJIUCH
CTEXMOMETPHUYECKH, 3TO CBUAETEIHCTBOBAIO O BBHINOJIHEHWH YCIOBHH «KOJMYECTBEHHOM» 3aIlch CIEKTpoB. B
3aBUCHMOCTH OT KOHIEHTPAaLMU KOJMYECTBO HakomeHuit mns 'H crexkrpor cocrasnsio 128 wm 512, ana BC-
CHEKTPOB (PErHCTPUPOBAIH C TIOAABIICHHEM IIPOTOHHOTO B3aMMOACHCTBHSI), COOTBETCTBEHHO, — ~1000 mmu 15000.
[Tpu HaKOMJICHUH CIIEKTPOB UCIOb30Banu namsath 64 K, npu oopadorke — 128 K. [locrosiHHas BpeMeHH 1pu 00-
paborke *H crextpos cocrapisna 0 T'n, *C — 1 T'u, ucnons3opanu jopeHnesckyto ¢popmy nuauii. Tlepen unTe-
IPHPOBAaHUEM TIPOM3BO/IMIIACH PYYHas peryiupoBka dasel U 6a30Boii muauK. Crektphl Ha sapax *C 6bun Heob-
XOAMMBI JUTsl ©0J1ee TIOJTHON MASHTH()HUKAIIMN KOMIIOHEHTOB JKHBHIIBI.

XUMHUUYECKHE C/IBUTH MPUCYTCTBYIOIIUX B CMECH COEIMHEHHI 1Ist sijiep *H onpesensiy ¢ MCrosib30BaHueM
curnania npumecu pactsopurens — CHCl3 (§=7.27 m.1.), a *3C — camoro pactopurens (6=77.7 m.z.). Bee skcre-
pHMeHTalIbHBIE JaHHbIE MOTy4eHbl 1 00paboTansl npy nmomouiu nakera nporpamm XWIN-NMR 3.5.

KonmuecTBeHHBIE pacyeThl MPOBOIWIN HAa OCHOBAaHMM HMHTETPAJIbHBIX WHTEHCHBHOCTEH TPYINIT CUTHAJIOB
COOTBETCTBYIOILINX COEANHEHUN B IPOTOHHBIX CIIEKTPAX.

Tabmuna 1. TToromHsre ycinoBus coopa 00pas3IoB SKUBUIIBI

Hata Temmeparypa, °C [pumeuanue
12 aBrycra 2019 1. +25 [aCMypPHO, JOXK]b
12 centsa6ps 2019 1. +24 00JTaYHO ¢ TIPOSICHEHUSIMH
12 oxtsi6pst 2019 r. +15 MacMypHO
12 HOs16pst 2019 1. +6 00JTaYHO C TIPOSICHEHUSIMH
12 nexabps 2019 1. +1 TIOXKIb
12 suBaps 2020 r. +2 MAaCMypHO
12 ¢pespans 2020 . +2 acMypHO
12 mapta 2020 1. +6 SICHO
12 anpenst 2020 r. +8 00JIaYHO C TIPOSICHEHUSIMH
12 mas 2020 T. +7 OXK b
12 urons 2020 r. +27 SICHO
12 uronsa 2020 r. +13 [aCMypPHO, JOXK]b
12 aBrycra 2020 T. +18 SICHO
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Oobcysicoenue pe3ynibmamos

Ha pucynke 1 mokasansl criektpsl IMP pactBopoB xuBHIIBL, B3s1TOM B ceHTa0pe (1X) 2019 roaa. Beutn 06-
Hapyxkensl BoceMb CK: abuermnosas (1), merumpoabuernnoBas (2), msonmmaposas (3), meBormmapoBas (4),
HeoabuetnHoBas (5), namrocrposas (6), numaposas (7) u cannapaxonuMaposas (8), a Takke msate MT: kamben
(9), mumomnen (10), o-mmaeH (12), B-mmaeH (13) u repnmHoneH (14). Kpome Toro, B HEKOTOPHIX 00pa3nax MpHUCyT-
ctBoBan MupieH (11).

OtHecenne curHaIOB B criektpax SIMP mano B paborax [12, 13, 22-24]. IIpakTHYeCKH BCEe MACHTH(HIIH-
POBaHHBIE COCMHEHMS, 38 UCKIIIOUCHHEM TEPIMHOJICHA, UMEIOT HHANBUyaIbHbIC HEIIEPEKPBIBAIOIINECS CUTHAIIBI
B 00JIacTH TBOWHBIX CBs3EH M apOMAaTHKH, YTO MPEICTABICHO HAa PHCYHKE 2 C COOTBETCTBYIOUICH HyMmeparmen
CHTHAJIOB. JTO MO3BOJIMIO MPOBECTH KOJMYECTBEHHBIC PACUEThl C MCHOIBb30BAHUEM MHTETPAIbHBIX HHTEHCUBHO-
cTel muHuA. VHIUBUIyambHBIN CUTHA TEPIHHOJICHA U 3TUX IIeNiel MPHUCYTCTBYET B CHeKTpe npu 0=2.77 M.A.
AHanu3 crekTpoB mokasan, uro riaaBHeIMH CK B ceHTsOpbckoM 00pasiie Obutn ieBonuMapoBas (24.7%), manoct-
poBas (12.5%) u mumaposast (10.6%) xuciaoTsl. MeHblie Bcero HabIIOAANOCH CaHAAPAKOMMMAPOBON KHCIOTHI
(1.1%). Y3 MT nomunupoBan o-muHeH (15.1%), octanbHbix 0bUT0 MeHbIe 1%.

Criextpsl SIMP, otobpaxkaromme despansckuii (11) oOpasen, npuBeneHs! Ha pucyske 3. B atom ciaygae 00-
HapyxeHo ceMb CK: abuerunoBas (1), meruapoabuerunonas (2), usonumaponas (3), HeoaOueTuHoBas (5), ma-
nroctpoBas (6), mumaposas (7) u canmapakornumapoBast (8). B otiauune ot obpasua (1X), abueruHoBast kuciora
sBJIsieTCst TiaBHOU (57.8%), Bropoii mo 3Haunmoctu siBisercs numaposast (10.4%). JleBorrmapoBasi KucioTa B
npezenax omuOKH M3MepeHus He Oblna oOHapyxeHa. M3 MT nerextupoBaH Tonbko o-mniuHeH (7.0%), duro mpu-
MEpPHO BJIBOC MCHBIIIC, YeM B CCHTAOPHCKOM 00pasIie.

[Tomy4eHHbIE JaHHBIE O CE30HHBIX M3MECHEHHAX COCTaBa >KUBHIBI (Ta0J. 2) CBUICTENBCTBYIOT O TOM, UTO C
stHBaps 1o anpenb u3 MT HabmogaeTcs TOIBKO O-MMHEH, COJIepKaHnue KOTOPOro yMmeHnsInaercs ¢ 8.5 mo 4.2%. B
OCTalIbHBIE MECSIBI OIS O-TIMHEHA B XKHMBUIIE JOCTATOYHO BBICOKas (nocturaet 30.9%), 3a HCKIIOYCHNUEM OKTSIO-
pa2019 1. (8.5%).

70 6.0 50 40 30 20 10
ppm (t1)

3}

m M L o I

150 100 50
ppm (t1)

Puc. 1. Cniextps SIMP pacteopa xusuib! cocbl (centsops) B CDCls: a — H, 6 — 3C
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Puc. 3. Cnexrpsl SIMP pactsopa sxusuib! cocHbl (pespais) B CDCls: a — H, 6 — 3C

BTOpLIM IO 3HAYUMOCTHU B COJACPIKAHUU MT sBasercs JIMMOHECH, A0JI1 KOTOPOT'O B KUBUIIC NOCTHUIACT B

netHue Mecansl 3.0%. Kamgen, kpome uHTEpBana ¢ SHBapS IO anpelb, MPUCYTCTBOBAT IMPAKTHUECKH B OJTMHAKO-

BoMm kommuectBe — 0.3%. MI/IpHGH HE ObLI 06Hapy>I<eH B TCUCHHC CEMHU MCECALCB, a4 CPEAHEC COJACPIKAHUC B

ocTtanbHbIe MecAIsl cocTaBuio 0.7%. TeprnuHONEeH U3 TpUHAALATH 00pa3oB ObUT OOHAPYKEH TONBKO B YETHIPEX

ciydasix mpu cpeaneM coaepxkanuu 0.8%.
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Ta6uuma 2. Vi3MeHeHHsI COCTaBa KUBMIIBI COCHbI OOBIKHOBEHHOM B TeueHue roaa (Moir. %)

CMOJISIHBIC KHCIIOTHI / 2019 2020

MoHoTepIeHs! VI | IX X X1 | X | I 11 v \Y% VI | VIL | VIFF | VI
AGHeTHHOBAs 210 | 81 | 266 | 50 | 482 | 39.7|578|49.7 182|202 | 87 | 89 | 274 | 178
HernnpoabuernHoBas | 3.1 | 66 | 42 | 28 | 95 | 58 | 59 | 48 | 116 | 34 | 3.2 | 24 2.9 2.7
W3zomumapoBast 50 | 55| 65 | 46 | 77 | 68 | 75 | 69 | 82 | 41 | 48 | 49 | 44 | 39
JleBonumapoBas - 24.7 - 21.9 - - - - 4.8 - 20.7 | 143 - -
HeoabueTnHoBast 97 | 76 |105| 66 | 1.0 | 90 | 1.7 | 86 | 81 | 92 | 84 | 71 | 6.6 | 8.2
IMantoctpoBast 224 1125|246 | 109 | 1.1 | 117 | 22 | 72 219|219 | 138 | 144 | 114 | 21.2
ITumapoBas 76 | 106 | 99 | 72 | 100|103 | 104 | 95 | 136 | 63 | 79 | 68 | 65 | 59
Canpapakormmaposast | 14 | 1.1 | 1.7 | 07 | 15 | 23 | 15 | 18 | 24 | 16 | 13 | 09 1.7 2.6
Kambpen 04 | 02| 03| 04| 13 - - - - 03 |03]03]| 03|03
JIumoneH 19 | 08 | 08 | 24 | 03 - - - 23 | 26 | 30 | 30 | 27
Mupiiex 0.3 - - 0.4 - - - - - 051309 | 11 | 05
O-TIMHEH 19.2 | 151 | 85 | 309 |115| 85 | 7.0 | 65 | 42 | 234|210 | 284 | 29.1 | 26.6
B-nuneH 07 | 03 | 06 | 11 - - - - - 07 |08 | 09| 06 |08
TepnuHonexn 10 | 0.8 - - - - - - - - 08 | 06 | 0.7

* O6pazen VI s 3amuicy cnekrpa pas6asieH B 10 pas.

Takum 06pa3oM, B XOJIOIHBII MEPHOJ YMEHBIIACTCS HE TOIBKO 0011ee KOTMIECTBO BRIACIISIOMICHCS KUBH-
1161, HO U KoJmuecTBO MT o OTHOIICHUIO K COCTAaBY €€ KOMIIOHEHTOB. CUMUTaeTcs, 4YTO CUHTE3 TEPIIEHOB KUBHUIIBI
Pa3BUIICS B TPOIIECCE YBOIIONIH XBOWHBIX [UIS 32)KUBIICHHS JIOIHH, 3aIIATH OT oeAaHus u nHpeknmii [25]. MT B
CBOEM OOJIBIIMHCTBE B YCJIOBHUSX HKCIIEPUMEHTA NPEICTABIAIOT CO00 XKUAKOCTH U MPU TeMIepaTypax, OJIU3KUX
K HYJIFO, UM JIET4€ BBIIEIUTHCS U3 ApeBecuHsl, yeM CK. Habmromaromuiics s dekr, mo-BuIuMoMy, YKa3bIBacT Ha
npeobnanaronryto posns MT 1o cpaBHenuro ¢ CK B 3amure ot qpeBoTOuLeB. BeposTHO, B 3MMHHI nIepHo, Koraa
HAaceKOMBIE BIAAAOT B aHaOno3, MT He Tak BayKHBI M MX CHHTE3 3aMEIJIseTCS.

Wnentndpunuposannsie CK 0THOCSTCS K pa3HBIM THIIAaM CTPYKTYPHBIX CKEJIETOB: MMMapoBasi, H30MHMapo-
Bas M CaHIAPAKONMMMapoBas MMEIOT IMMMapaHOBBIH M HM30IMMAapaHOBBIA THIBI CKEJICTa, a aOMETHHOBAs, JEBO-
MMMapoBasi, HEOAOMETHHOBAs U MAJIOCTPOBasi — abreTaHoBbIil. KpoMme Toro, B )KHMBUIIE IPUCYTCTBYET apoMaTHye-
ckas neruapoaduernnoBas CK, cBsi3aHHas ¢ MOCIIEIHUM TUIIOM cKenera [1].

AHanu3upys JaHHble TaONUIBI 2, MOXKHO YTBEpKAaTh, uTo conepkanne CK ¢ mumapaHOBBIM M H30THMa-
PaHOBBIM CKEJIETOM B TCUCHHE Tof[a MPAKTUYECKH HE M3MEHsAeTcsA. B moBexeHMN AeruapoaOHeTHHOBOW KHCIOTHI
HE HAOJIOMAeTCsl KaKuX-JIHM00 CE30HHBIX H3MeHeHui. HeoabueTHHOBas KHCIIOTa, UMEIOINass aOMeTaHOBBINA THIT
CKelleTa, 3a BpeMs IIPOBEJCHUS HMCCIEAOBAHUI Takke NMPAKTHYECKH HE MEHsJIa KOJIMYECTBEHHOE COJlep)KaHHe
(6.6-10.5%), 3a uckroueHueM nexkabps u pespans mecsues (1.0-1.7%).

[loBenenne aOMETHHOBOI M JIEBOITMMAPOBOM KUCIIOT HOCUT CIIOXKHBINA Xapakrep. O4eBUIHO, YTO X KOJIU-
YEeCTBEHHBIN COCTaB B3aUMOCBsA3aH. OTCYTCTBHE WM Majloe KOJHMYECTBO JEBONMMAPOBOIl KHUCIOTHI MPUBOIUT K
YBEIMYCHUIO CO/IEPKAHMUS a0MEeTHHOBOM KHUCIIOTHI B XKMBHIlE. Tak, B 3SMMHMI MepHO] 10151 a0METHHOBOM KHCIIOTHI
cocTaBiseT ~1/2 B )UBUIIE NPH MTOJHOM OTCYTCTBHH JICBOMMApPOBOH KUCIOTh. Ce30HHbIE M3MEHEHUsI CoiepIKa-
HUS TAJIFOCTPOBOI KHCIIOTHI CIIOKHO OOBSICHUTB.

B wurone 2020 r., Korma cocTaB KOMIIOHEHTOB KHUBHIIBI ObLT HanOoJiee MOJHBIM, OblIa MPOBEICHA 3aIUCh
crektpos *H u °C SIMP KOHLEHTpUPOBAaHHOTO pacTBopa U pasbasnenHoro B 10 pas (*H). PesymbraT sxcrepu-
MEHTa MPUBEJIEH B Tabnuile 2 U Ha pUCyHKe 4.

W3 Tabnuis! 2 U pucyHKa 4 ciemayeT, 9TO KOIWYECTBEHHBIN COCTaB PACTBOPA XKMBHIIBI B 3TOM CIIydae OT-
JIUYaeTCs TEM, YTO B pa30aBIEHHOM PAacTBOPE OTCYTCTBYET JIEBONMMApOBas KHCIIOTa, a COAepKaHne aOMeTHHOBOM
BBIpOCTO B ~3 pa3a. Takue n3MeHeHHs JJOTHYHO OOBSICHUTEH TeM, YTO IpHU pa30aBIeHUH IPH KOMHATHOHN TeMIepa-
Type, BEpOSATHO, IPOUCXOAUT HU3KOTEMIIEPATypHAs KaTaTUTHIECKAsl PEaKIUsl U30MEPU3aLIH.

CrnenoBatenbHO, Ce30HHBIE M3MeHEHH B cofepxkannu CK abmeTaHOBOTO THIIAa CBS3aHBI, TJIABHBIM 00pa-
30M, HE C BHEUIHMMH YCIIOBHSIMH, a C IPOTEKaHHEM KaTalUTH4eCKUX peakuuil. [ToaToMy s mosyueHust gocTo-
BEPHBIX pe3ynbTaToB cuHTe3a CK coCHON 0OBIKHOBEHHONW HEOOXO0IMMO THO0 M3MEHUTH YCIIOBHS 3aITUCH CIIEKTPOB
SIMP, 4TOOBI KaTaTUTHYECKNE PEAKIMN HE BIIMSUIM Ha KOJMYECTBEHHBIH COCTaB KOMIIOHEHTOB JKMBHIIBL, MO0 Ka-

KHUM-TO 06pa30M UX YYUTBIBATh.
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Puc. 4. Cnextpsl *H SIMP koHLEHTpHpPOBaHHOTO (@) M pa36aBIeHHOTO (6) PACTBOPOB KUBUIIBI COCHBI (MIOJIb)
B CDCls3

Boisoowt

Mertomom SIMP !H, 13C W3yYeHBl CE30HHBIC M3MEHEHHUS COCTaBa KMBHIIEI COCHBI OOBIKHOBEHHOU. YcTa-
HOBJIEHO, UTO B 3UMHUI MEPUO]] YMEHBIIAETCS KOJIMYECTBO BBIEIUBIIEHCS KUBUIBI U conepxkaimxca B Held MT,
W yBEJIMYUBACTCS NONSI aOMeTHHOBOHM KucinoThl. OOHapyKeHa CBSA3b MEXIY KOJIHYESCTBOM aOWETHHOBOH, JIEBO-
MUMapOBOH U MaJIOCTPOBOI KUCIOT B COCTaBe HUBHIIBI. [l0ka3ano, 4to HabmonaeMast CBsI3b 00ycIoBlIeHa OBICT-
PONPOTEKAOIINMH PEAKLHIMHU, BEPOSITHO, KATATUTUYECKUMHU. DTO YKa3bIBAET Ha TO, YTO B pe3yJIbTaTe OIpeee-
HUSl KOJMYECTBEHHOTO COJAEPKAHMS ITHX KHUCIIOT, JaXKe B CIydyae CTAaTUCTHUUECKOTO aHaln3a, MOXKHO IMOJYYHUTb
3aBEIIICHHBIC 3HAYCHUS JOJM a0METHHOBON M MAIFOCTPOBOW KUCIOT M, COOTBETCTBEHHO, 3aHMKCHHOE — JIEBO-

[IMMapoBOM.
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CHANGES IN THE COMPOSITION OF SCOTS PINE (PINUS SYVESTRIS L.) OLEORESIN MEASURED BY THE NMR
METHOD
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Analysis of seasonal changes in the composition of Scots pine oleoresin by H and 3C NMR spectroscopy was carried
out. Due to favorable weather conditions (positive temperatures on the days of sampling throughout the year) samples for each
of the 12 months were obtained and studied. Chloroform (CDCls) solutions of oleoresin were studied. Eight resin acids were
identified and quantified: abietic, dehydroabietic, isopimaric, levopimaric, neoabietic, palustric, pimaric and sandaracopymaric,
and also 6 monoterpenes: camphene, limonene, myrcene, a-pinene, B-pinene and terpinolene. It was found that the amount of
oleoresin and a-pinene contained in it decreased at low temperatures. At the same time other monoterpenes were not detected
within the measurement error. It was supposed that monoterpenes formed in smaller amounts during the period of pests' anabi-
osis, play the main role in the control of coniferous insect pests. It was found that the content of dehydroabietic, isopimaric,
neoabietic, pimaric, and sandaracopymaric acids varied insignificantly during the year. The relationship between the amounts
of abietic, levopimaric and palustric acids in the composition of oleoresin was found. It was supposed that the observed rela-
tionship was caused by low-temperature catalytic reactions of levopimaric acid isomerization with formation of abietic acid
mainly. It was suggested that these processes should be taken into account to exclude errors in determining the content of the
above acids in oleoresin even in case of statistical analysis.

Keywords: Pinus sylvestris L., oleoresin, monoterpenes, resinous acids, NMR, spectrum.
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