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Pinus sylvestris — Bua, mumpoxo pacrpoctpaneHHslil B Llentpansnoii, CeBepnoii, 3anaanoii Espone, Poccun, Kazaxcrane
1 HEKOTOPBIX APYTux crpaHax Asuu. Ee npeBecuna, XBos, BETBH HCIONIB3YIOTCS B IPOMBIIUIEHHOCTH, TOYKH B 3(QHUPHOE MACIIO
TIPUMEHSIOTCS] B MEANIMHE U nMapadapManuu. B cBs3m ¢ Tem, 9ToO MHOTHE IIPOMBICIIOBBIC PAifOHBI HAXOJSTCS B 30HE BEICHUS
XO3SHCTBEHHOM JIEITeIbHOCTH, BAYKHBIM SIBJISICTCS] KAUECTBO CHIPHSI, OIIEHKA COAepKaHust 3()MPHOTO Macia U COCTaBa MaXKOPHBIX
KOMITOHEHTOB MacJa.

Chipbe 3aroToieHo B Poccun u Kasaxcrane. D¢upHoe Macio, I0Iy4YeHHOE METOIO0M THAPOAUCTHIIIALNY, aHAIU3UPO-
Bai merogom I 2KX-MC.

VcranoBneHo, uto B 59% o6pasuos a¢upHOro Macina nodek u3 CuOupu MaxopHbIM sBrsetcs Ad-kapeH, B 13% — a-
nuHeH, B 11% — nuMoHeH+B-¢entanapeH, Bo Bcex eBporelickux odpasuax — npou3BoaHble abuerana, B 1 obpasue u3z Cubdupu
A3-xapeH He 06HapyskeH. O JOMUHUPOBAHKMH B S3QMPHBIX MacIaX II0YeK IPOU3BOAHBIX a0ueTana coodiaercs Buepsbie. Kommo-
HEHTHBIN cocTaB 3pupHOro mMacia BeTBeil n3 Poccun n Kazaxcrana Oonee ctabuieH Mo cocTaBy U KOHIIEHTPAIUH MasKOPHBIX
Beuects. B 81% 06pa3iios 3pupHOro Macia BeTBeH JOMUHUPYET o-UHEH, B 9% — A3-kapeH, B 6% — d-kaaunen. U3 54 o6pasios
ToYeK 10 cozepxkanuio d¢upHoro Macna tpedosannsm OC He cooTBEeTCTBYIOT 13 00pa3nos.

Boubinoe Konu4aecTBo 06pasioB 3GUPHOTO Macia ¢ MPEMMYIIECTBEHHBIM HAKOIUIEHHEM A3-KapeHa, BBISBIECHHOE aBTO-
paM¥, IOCITY>KMJIO OCHOBaHHEM JJIs JajlbHEeHIIeil paboThl B 001aCTH COBEPLICHCTBOBAHNUS TPeOOBaHHI K Ka4ECTBY CBIPBS, U3Y-
YEHUSI OCTPOH, XPOHMYECKOH TOKCHYHOCTH, a TaKxKe APYrux (apMaKoJOrHuecKix CBOMCTB 3(UPHBIX Macel.

Knioueswie cnosa: Pinus sylvestris, s3¢pupHoe Macio, no4ku, BeTBy, EBpomneiickas yacts Poccuu, Cubups, Kazaxcran.

s untupoBanus: Konomuen H.O., luperoposa B.I'., A6pamery H.1O., Dpasineea C.A., Pagnaesa JI.JI. Ouenka
colep>KaHUs M cocTaBa 3()UPHOrO Macia Mo4eK U BeTBel Pinus sylvestris HeKOTOpbIX pernoHoB Cubupu, EBponeiickoil yactu
Poccun u Kazaxcrana // Xumust pactutensHoro ceipbsi. 2024, Ned. C. xxx—xxx. DOI: 10.14258/jcprm.20240412483.

Beeoenue

CaMbIM IIMPOKO PacrpocTpaHeHHBIM BuoM poja Pinus L., cemeiictBa CocHoBble (Pinaceae Lind.) sBnsercs
Pinus sylvestris L. (cocHa o0sikHOBeHHAs) [ 1-8]. CocHa 00BIKHOBEHHAS — IEpEBO, 00pa3yIoIee YHCThIE HACAKICHHUS
Ha KaMCHHUCTBIX CKJIOHAX, IICCUYAHbIX ITI0YBaX B JIMCTBCHHHUYHBIX U CMCIIaHHBIX JICCAX. Apean BHJa B Poccum Brmrouaet
Bocrounyto, 3amannyro u Llearpansayto Cubups, EBponeiickyro yacts Poccun, Kpev, KaBkas u lanpauit BocTok.
Ha teppuropruu CesepHoro u Boctounoro KazaxcTana BuI npenMyILECTBEHHO paciipocTpaHeH B Bocrouno-Kazax-
cranckoi, [TaBmogapckoii, CeBepo-Kazaxcranckoit, Kycranaiickoii 1 XKamOpuickoit oomactsix [2—8].

Cubups B Poccun, CeBepHblii 1 Boctounblii KazaxcraH sBISIIOTCS BaKHBIMH IIPOMBICIIOBBIMH PETHOHAMH
3aroTOBKH COCHBI OOBIKHOBEHHOM, IPEBECHHA KOTOPOH MCIIONB3YyeTCs B 1ePEeBO0OPa0ATHIBAIOIIEH MPOMBILIIICHHO-

CTH. XBOH, BE€TBU, NOYKU, HIMIIKKA HAXOIAT MPUMEHCHUC B APYTUX OTpaACIdX MPOMBINUICHHOCTHU: MPONU3BOJACTBO

* ABTOD, C KOTOPBIM CIIE/[yET BECTHU TIEPETIUCKY.
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JIEKapCTBEHHBIX IIPETNapaToB, Nap(QIOMEpPHO-KOCMETHIECKHX TOBAPOB, MPOAYKTOB NMUTAaHUA U Ap. BoIbIIMHCTBO
paiioHOB Mpou3pacTaHus COCHbI Kak B Cubupu, Tak ¥ B KazaxcraHe HaXOJsITCs B 30HE BEJACHUS HHTCHCUBHOM XO-
3SCTBEHHOH IEATENFHOCTH YellOBeKa. B CBSA3M C STHUM Ba)XHBIM SBISICTCA Ka4ECTBO U IKOJOTHUYECKAs YHCTOTA ChI-
Pbsi, IPEXKIIE BCErO TOTO, KOTOPOE OYAET UCIOIh30BATHCS B MEIUIIMHCKON MPAKTHUKE, OI[CHKA COJCPKAHUS B HEM
3(UPHOTO Maclia, COCTaBa M COMEPIKAHHS MaKOPHBIX KOMIIOHEHTOB.

KauecTBo mouek cocHbI, UCTIONB3yEMbIX B KAUECTBE JIEKAPCTBEHHOTO cpesicTBa B PD, o1leHUBAIOT 1O cofep-
JKaHUIO 3(UPHOTO Macia, kotopoe, cornacHo @C I'® 14 uzpanus, nomxHO cocTaBmaTh He MeHee 0.3% [9, 10].

KauectBo 3¢pupHOro Macia B cOOTBeTCTBHH ¢ TpoekToM PC «IPupHOE MACIIO XBOH COCHBI OOBIKHOBCHHO,
pa3MeIeHHOM Ha o(HUIHaIh-HOM caiite MuH3IpaBa, MperoiaraeTcsi OLEHNBATD ITO0 COAEPKaHUIo | | KOMITOHEHTOB:
o-mHeHa — 32-60.0%; xamdena — 0.5-2.0%; B-munena — 5.0-22.0%; A3-kapena — 6.0-18.0% u apyrux [11].

TpeboBaHMs K Ka4eCTBY TEPIICHTHHHOTO Maciia, IPUMEHIEMOro B MEJUIIMHCKOM pakTHke B PO, pernamen-
tupoBanbl OC «TepreHTHHHOE MacIIO 3(QUPHOE OUUIIEHHOEY. [IpH 3TOM OIIEHUBAETCS COJCPKAHUE O-ITMHEHA, KO-
TOpPOTO B COCTaBe Maciia JOJDKHO ObITh He MeHee 60% [12]. bpuranckas dapmakones (BP) [13] comepxur Gomnee
JKECTKHE TPeOOBAHMA K STOMY K€ HPOAYKTY M OrPaHMYMBAET colepskaHue A’-kapeHa Ha ypoBHe MakcumyM 1%,
MPU ATOM COJIepIKaHKe O-IIMHeHa HOPMUPOBAHO Ha OoJiee BbicokoM ypoBHe (70.0-85.0%), uem B poccuiickoit ODC.
Hcnomp30BaHne B MEAUIUHCKOM IPAKTHKE YQHPHBIX MAce, «00raTeix» A3-kapeHoM, OrpaHHYEHo 3a PyOexkoM H3-
3a uccaeaoBannii 60—90-X IT. IPOILIOro BeKa, B KOTOPBHIX OBUTH MMOKa3aHbl aJIJIEpTeHHBIE CBOMCTBA, M €T0 CITOCO0-
HOCTb BbI3bIBATh KOHTAKTHBIE AEPMATHUTHI [ 14].

B paccmarpuBaeMsix B paboTe pernoHax CIOKMWIACH 0O BEKTHBHBIE PEATIOCHUIKH IS YCIEITHOTO Pa3BUTH
c(epbl 3aTOTOBKH JIPEBECUHBI COCHBI, ITOYEK, BETOK, XBOW KaK UCTOYHHKA JICKAPCTBCHHOTO PACTHTEIBHOTO CHIPhS
1 TIPOMBIIIJICHHOTO TTOYYEHHs JIEKapCTBEHHBIX cpencTB. OnpeieneHHbIe OaceH sl CBsI3aHbI ¢ PabOTON NeCTBY-
FOIUX HA TEPPUTOPHH ITUX PETHOHOB KPYITHBIX MPEANPHUSITHI pa3HBIX OTPACIIei MPOMBIIIICHHOCTH H TPAHCIIOPTA.
B cBs3u ¢ ueM, ¢ 0ZHOM CTOPOHBI, CYIIECTBEHHO BO3PACTAET BEPOSTHOCTH 3aTOTOBKH CHIPbS, 3arPSI3HEHHOTO KCEHO-
OMOTHKAMH Pa3IMYHOIO MPOUCXOKAeHHsA. C APYroi CTOPOHEI, TIOCTOSHHOE TEXHOTEHHOE BO3ACHCTBUE HA PACTH-
TENbHBIE OPTaHI3MBI MOXKET MPUBOANTE K N3MEHEHHIO COJIeP KaHUs OMOJIOTMYECKH aKTUBHBIX BemecTB. Mcmoib3o-
BaHUE TAKOTO CHIPhS, CYOCTAHIINI MM MIPEMAapaToB HA UX OCHOBE CIIOCOOHO M3MEHATH (PH3HOIOTHICCKHUE PEaKIUH,
OmoXMMHUYecKre MOKa3aTeNd OpraHu3Ma, IPUBOIUTH K PA3INYHBIM 3a00JICBAHUSM.

B cBs13u ¢ BEIIIECKa3aHHBIM aKTYaIbHBIM SBJIICTCS HE TOJBKO MOHHTOPUHT COCTOSIHHS OKPYKAFOIIEH CPeIbl,
MIPOBOIUMBIH KOJOTHYECKIMH CIyKOaMHU PernoHOB, OTACIBHBIX MPEANPUATHI, HO TAK)KE U OLIEHKA COJEPKAHUS
3(UPHOro Maciia B pacTUTEIBHOM CHIPhE, €r0 KOMIIOHEHTHOTO COCTaBa, B TOM YHUCIIC HA MPEIMET COOTBETCTBHS
TpeOOBaHMSAM HOPMATHBHOHN TOKYMEHTAIIUH, YTO SIBIISUIOCH LIEIBIO NCCIICIOBAHIS.

3l<cnepumeumaﬂbua}l uacmo

B xauecTBe 00BEKTOB HCCIICAOBAaHHS HCIIOIB30BAHEI IOYKH M OXBOCHHBIE BETBU Pinus sylvestris, coOOpaHHbIE
B 2015-2021 rr. B X0/1€ 9KCIETMIIMOHHBIX BBIE3/I0B B €CTECTBEHHBIE MECTa €€ Mpouspactanus B Poccuiickoit ®e-
nepanuu Ha Tepputopusix Tomckoi, KemepoBckoid, SIpocnaBckoit obmacteit, KpacHospckoro m AnTaickoro Kpaes,
Pecniyonmku Bypsitus B Pocceniickoii @enepanun), a Taxke B PecryOnuke Kasaxcran B Bocrouno-Kazaxcranckoi
u Kocranaiickoii o6mactsax. B 3aBUCIMOCTH OT perroHa, BUJa CHIPhSI CPOKH €TO 3arOTOBKH BapbHPOBAIH C MapTa
o aBryct. COOp MPOBOIMIIM B OJTHO M TO e BpeMsi CyTOK (0KkoJio 12—13 1 fgHs), Ha y4acTKax ¢ OJU3KUMU YCIIOBH-
SIMU 3aT€HEHHOCTH/OCBEIIEHHOCTH, YBIQKHEHHOCTH C 9K3EMIUISIPOB MPHOIU3UTENBEHO OHOTO BO3pacTa, KOTOPhIN
OTIpEICISLTN KOMILICKCHO 10 JUaMETPy CTBOJA JIEPEeBa M YUCITY PSIIOB BETOK. [lovkw 0 Havana MX paciyCKaHHS
Cpe3aji ¢ BepXyIlIeK OOKOBBIX BETOK B BHJIE «KOPOHOK» IO HECKOJIBKO IITYK C oOeroM He Oosiee 4 ¢M IMHOM;
KOHIIBI OXBOCHHBIX BETBEH Cpe3aiu Mo yriioM, [uinHoi He 6oiee 20 cMm. CyniKy moYeK IPOBOIMIIH B CyXUX YUCTHIX
MOMEIICHUAX C XOPOIIei BEHTIISAINEH, pacKIaAbIBasi TOHKUM CJIOE€M, N30erasi MOBBIIIEHHBIX TEMIIEPaTyp; BETBU
CYIIWIIH, pacKiIagpiBas cioeM He Oombine 2—3 cM. XpaHEHHE CHIPbsS OCYIISCTBISLIN B cooTBeTcTBHH ¢ ODC
1.1.0011.15 «XpaHeHue JeKapCTBEHHOTO PACTHTEIHLHOTO CHIPhS U JIEKAPCTBEHHBIX PACTUTENBHBIX TMPENapaToB) B
CYXOM, 3aIUILEHHOM OT CBETa MECTE.

D¢upHOE MaCIO KOJIMYESCTBEHHO MOJIyYaid U3 BO3AYIIHO-CYX0ro ChIpbs ()apMakoneiHbIM MeTo10M 2 (THI-
pomucriusinun) B Tedenue 3 4 [15]. TomyyeHHble a3upHBIE Maciia IPEICTaBIAIOT OO0 MpO3paydHbIe JIETKOIIO-
JIBIDKHBIE KHUIKOCTH CBETIIO-)KEITOTO LBETA CO CHEIM(PUISCKIM XBOHHBIM 3aIIaXOM.

HccnenoBanue 00pasoB 3(pMPHOTO Maciia IOUYEK U OXBOSHHBIX BETOUYEK IPOBEAEHO HA Ta30BOM XPOMATO-
rpade Agilent 6890 ¢ kBajpymoabpHbIM Macc-criekTpomerpoM (HP MSD 5973N). Ycnosust xpomarorpadupoBaHus:
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30-merpoBas kBaprieBas kononka HP-5MS ¢ BHyTpenHnM auamerpom 0.25 MM, TommuHa mieHkH — 0.25 pm (corro-
aumep 5% — audenmn- 95% — TUMETUIICHIIOKCaH ), Ta3-HOCUTEb — TeJIkii (MOCTOSIHHBIA MOTOK — 1 MJI/MHUH), TeM-
nepatypa kKoioHkH — 50 °C (u3otepma 2 muH), 50-200 °C (40 °C B mun), 200-280 °C (20 °C/Mun), 280 °C (u30-
TepMa 5 MHH), TemIepaTypa ucrounnka nonoB — 170 °C, unrepdeiica Mexay ra3oBsIM XxpomarorpaoM U Macc-
ceslekTUBHBIM JeTekTopoM 280 °C. DHeprus HOHM3UPYoMHX MeKTpoHoB — 70 3B. O0seM BBOIUMOI MpoOHI — 1
MKII ¢ pazaeneHuemM notoka 60 : 1. KonmuuecTBeHHOE cofiepkaHie Maciia BEIYUCIISUIN IO IJIOMAsIM MIUKOB Ha XPO-
Marorpamme 0e3 UCTIOIb30BaHHS KOPPEKTHPYIOMNX K03 dunneHToB. KOMIOHEHTHBINH COCTaB ONPEACISUIN ITyTEeM
CpaBHEHHS BPEMCH W HHJCKCOB yICP)KUBAHUS, 3HAYCHUN MACC-CIICKTPOB, 0a3bl JaHHBIX OMOJIMOTEKH XPOMATO-
Macc-CIIEKTPOMETPHYECKNX AAHHBIX JIETYUHX BELIIECTB PACTHUTEIEHOTO TPOUCXOXKICHUS.

Oébcysncoenue pe3yniomamog

OpnHOM U3 CaMBIX W3yYCHHBIX I'PYIH OMOIOTHYECKH aKTHUBHBIX BELIECTB COCHBI OOBIKHOBEHHOM SBISIETCS
a¢upHoe Macio. MccnenoBaressiMi U3 pa3HBIX CTPaH YCTaHOBJIEHO, YTO COCTAB Maciia APEBECHHBI, XBOH, BETOUECK
u noyek pasnnyaercs. B «PacturensHblx pecypcax Poccun u conpeienbHbIX FoCy1apcTBy, «PacTurensHbIX pecyp-
cax Poccum» npuBoanTcst 0000meHHast HHPOpMAaIHs 0 COcTaBe 3(UPHBIX Maces B Pa3HBIX YacTsX COCHBI 0e3 IKc-
TPAIOJISILIUK KO BPEMEHHU, MECTY 3aTOTOBKH CBIPbsI, METOAY, ITPOJOJLKUTENFHOCTH IIOyYSHUS Macel ¥ APYruM ¢ak-
TOpaM M ycioBusM [6, 8].

Konuuecmsennoe cooepoicanue s¢ghupnozo macna. CornacHo JaHHBIM JIUTEPATYPHI, 3GUPHOE MACIO COAEP-
JKUTCA B pa3HbIX KOHICHTPALUAX BO BCEX OpraHax COCHBI 06])1KHOB€HHOI>1 — CTBOJIC, BCTBAX, XBOC, ITOYKaX. Otme-
YaeTcst, 9TO COZIepXKaHue H3(PUPHOTO Macia B XBOE BBIIIE, YEM B BETBSIX M II0YKAX, a B CTBOJIC BBIIIE, Y€M B OXBOCH-
HBIX BETBAX [6, 8, 16, 17].

[TpuBonsTCS NaHHBIE O IMHAMUKE COJEPKaHMs 3(PUPHOTO Maciia B TEYCHNE BEr€TallMOHHOTO Iiepuoaa. Tak,
B HcciienoBaHuax 90-x roJjoB MpoIuIoro Beka ObUIO MOKa3aHOo, YTO B HaYaJle BEreTalluyi HaOJI01aeTCsl CHIKECHUE
coZiepkKaHus 3(PUPHBIX Macell, KOTOPOE aBTOPHI OOBSCHSIOT X BO3MOXKHBIM HCIIOIb30BaHHEM pacTeHHeM. MuHH-
MaJIbHOE KOJIMYECTBO d(UPHOro Maciia 00HapyKUBAETCsI B MIOHE-HIOJIE, YTO BEPOSTHO CBSI3aHO C IIPUPOCTOM MacCChl
TKaHel 0e3 CyIECTBEHHOTO YBEJIMUEHHS B HUX KOJIMYIECTBA A(UPHBIX Maces WU B CBSI3M C HHTEHCHBHBIM €TI0 pac-
XOZIOBAaHUEM B JKapKHe MecCsIbl rojia. B 1roe pocToBble Mporecchl B moderax B OCHOBHOM 3aKaHUMBAKOTCS, M1OCIIE
Yero B aBryCTe-CEHTIOpE IMPOUCXOANT 3aMETHOE YBEINYEHHE KOJIMYECTBA 3(MPHOTO Macia, 4YTO B CBOIO OUepenb
MOYHO CBSI3aTh C TIOATOTOBKOW PacTeHHH K 3uMe. 3MMOH B IEPUOJ] OTHOCUTEIBHOTO HIOKOS IpoLecc 00pa3oBaHus
3(hUPHBIX Maces MPOA0JIKACTCS, BBITIOIHSS 3aUTHBIEC (PyHKINH U IPEIOXPaHS TKaHH OT IOBPEXICHHUS MOPO3aMu
U IpYyTUX HeOJaronpusTHIX Gakropos [16, 17]. Taxxke B tuTeparype NPUBOAATCS CBEISHUS O 3aBUCHMOCTH 00pa-
30BaHMS Macja B COCHE OT TEMIIEpaTyphl — MO Mepe MPOIBIDKCHMS OT FOKHBIX IMHUPOT K CEBEPHBIM KOJINYECTBO
3(HUPHOTO Maciia BO3pacTaeT, Kak U BO3pacTaeT JOJIs JIePEBbEB C BEICOKKM COZepKaHneM o-nuHeHa [17]. Oraens-
HBIC aBTOPBI U3y4aJId BpeMs IEPETOHKH, HEOOXOJMMOE ISt MAKCUMAaJIbHOTO N3BJIEYECHUS 3()MPHOTO MaCiIa U3 COCHBI
OOBIKHOBEHHO!. BbIJIO MOKa3aHO, YTO /I €ro MakCUMaJIbHOTO Bbixojaa (90%) BpeMs MEepEeroHKH JODKHO COCTaB-
JATh 68 4 [16].

PesynbraThl onpeseneHus 3pUpHOro Maciia B 00pasiax [o4Yek 1 BeTBel B nepecyere Ha abCOJIOTHO CyX0e
CBIPbE, KaK CpeIHEE U3 TPEX OINPEEICHU, IIPECTABICHBI B TaOJIHIIE.

Iouku. Kak 6pU10 OTMEUEHO BO BBEJICHNUH, OYKH SIBJIAIOTCS JIEKAPCTBEHHBIM PACTUTEIBHBIM ChIPBEM, IIPH-
MEHSEMBIM B MEIUIMHCKOH npakTrke. CoracHO MOMydYeHHBIM JAaHHBIM, COAEpKaHne 3(pUPHOro Maciaa B MOYKax
COCHBI B TIPOEKIIMH TI0 TOJIaM M peruoHam Haxoautcs B Auamnazone 0.14-2.04%. [Ipu aTom HIDKHUE Tpeen coaep-
JKaHHA 2(UPHOTO Maclia B TOYKaX, HOPMUPYEMEIi papmakorieitHo# ctatbelt '@ Poccun 14 n3nanus, HaxoanuTcs Ha
ypoBHe «He MeHee 0.3%». Takum 00pa3om, 1o JaHHOMY IIOKa3aTeN0 HE COOTBETCTBYIOT TPEOOBAHUSAM HOPMATHUB-
HOTO JOKyMeHTa 17 u3 54 00pa3ioB, 3aTOTOBJICHHBIX Ha Tepputopun PO.

PesynbraThl HeCKOIBKHX JieT HaOmoaeHui ¢ 2015 mo 2020 r. 3a nonynsuusiMu cocHel B ToMckoit obnactw,
MPOM3PACTAIONINX KaK B YCIOBHO YHCTBIX C 3KOJIOTHYECKOH TOUKHU 3pEHHS MECTaX, TaK M B 30HaX C MHTCHCUBHOM
AQHTPOIOT€HHOM HAarpy3KOH, II0Ka3bIBAIOT, YTO CoJepKaHue I(PUPHOTo Macia B MOYKaX BaAPbUPYET B HIMPOKHX Ipe-
nenax ot 0.14 mo 1.54%. Crnexyer oTMETHTB, YTO B 00pa3lax M3 YCJIOBHO YHCTBIX MECT COAEp)KaHHEe 3(HUPHOTO
MacJja JIOCTaTOYHO CTa0MJIbHO IO IofiaM U MecTaM cOopa, pa3sHuIa B coJepikaHuu coctasisier 5—15% (2015 r. —
0.71-0.75%; 2016 1. — 0.71-0.73%; 2017 1. — 0.73-0.87%). Conepxanue 3(pupHOTO Macyia B 00pasax U3 MECT C
MOBBILIEHHON TEXHOTEHHOM Harpy3koil oTindaercs Ooiee 3HaunMo Ha 35-55% (2015 r. — 0.3-0.47%; 2016 . —
0.35-0.54%; 2017 r. — 0.47-0.64%).
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Conepxanue 1 (HpakIHOHHBIN cocTaB 3¢hupHOTrO Macna, %

®pakMOHHBIN COCTaB

Jlata Boixon MOHOTEPIIEHO- ceckni- | mrep-
udp cBopa XapakTepucTuka oopasia a¢pupHOTO Wb / U3 HAX TepricHo- | mieto-
Mmacia KHCIIOPOICOED-
HJIBL UJIBI
JKalue
1 2 3 4 5 6 7
TTouku
TO, r. Tomck, nopoxkHast pa3Bs3ka Ha . CeBepcK 1
t1 26.05.18 0.14+0.01 78.44 /27.34 17.80 3.74
000 «TomMckHEPTEXUMY
2 21.05.19 | TO, okp. n. Kupeesck, lllerapckuii Tpakt, 54 km 1.54+0.13 87.50/5.44 8.27 4.22
t3 14.05.19 | TO, moc. Camychb, CeMHO3epKU 0.46+0.03 59.25/22.43 27.52 13.22
t4 16.05.19 | TO, c. Konaposo, canatopuii «Cunuii yrec» 0.26+0.02 39.51/8.06 17.15 43.34
t5 10.05.19 | KpK, coBxo3 «Cubupsk», Enuceiickuii Tpakt 1.02+0.09 71.48/16.11 21.72 6.79
t6 08.05.19 | KemO, okp.r. FOpra 2.04+0.2 82.15/13.44 14.20 3.64
t7  109.05.20 | TO, okp. 1. BoponuHo 0.83+0.07 73.91/7.50 17.03 9.04
t8 30.03.19 | SIpO., n. HexpacoBo, cMeIIaHHbIH J1ec 0.15+0.01 23.20/13.80 37.59 39.19
t35 |31.03.19 | SIp0O., n. YebouakoBo, CMEIIAHHBIHN JIeC 0.19+0.01 25.15/16.21 35.06 39.77
t36 |28.03.20 | SIpO., a. EcurioBo, cMelIaHHbIH Jiec 0.21+0.03 24.11/14.42 34.23 41.64
t37 129.03.20 | AApO., c. bonbuioe ceno, cMelIaHHbIH Jiec 0.19+0.03 21.87/12.41 35.52 42.59
t38 | 28.03.20 | SIpO., n. Murnu=Ho, cMeLIaHHBIH Jiec 0.16+0.03 23.14/12.96 36.55 40.29
43 [10.04.21 | 'BO- Becberonciuit paiion, okp. r. Beckerouck, Xsol- | 19,007 | 2165/1350 | 3535 | 42.98
HBII Jiec
t44 | 02.04.20 E:I;)’niz“eromm“ paioi, Okp. I. BeCheronci, Xoit- | 53, 03 | 2502/16.78 | 3695 | 38.02
t45 109.04.21 | TBO, okp. 1. Kansa3un, 5 kM, COCHOBEBIN 60p 0.20+0.03 22.63/14.08 36.83 40.52
t46 | 02.04.20 | TBO, okp. r. KansasuH, 5 KM, COCHOBBIi GOp 0.24+0.03 25.43/14.98 34.99 39.56
47 | 10.04.21 | KO Lepembiutbernii paiion, c.i. Kopexoseso, coco- | 13,0 gog | 2397/13.89 | 36.86 | 39.15
BBl 60D
48 |02.04.20 | KO Lepembiutbernii paiion, c.i. Kopexoseso, coco- | 51 o1 | 223471265 | 39.11 | 38.54
BBl 60D
491 08.04.21 fg Tapyccwuii paiion, 1. Mbunckoe, cMewanbti | )0 008 | 236271437 | 3614 | 40.23
B0 1030420 fg Tapycewuii paiion, 1. Mitbunckoe, cMewanbtit | 15,0 009 | 2357/1563 | 3539 | 41.02
teo 11 |29.05.15 | TO, r. CeBepck, C33 CXK-25 0.40+0.02 69.39/11.57 21.49 9.11
teo 12 | 19.05.15 | TO, r. Tomck, C33 OO0 «TomckHEepTEXUMY 0.30+0.01 72.74/16.07 20.54 6.72

TO, noposxHas pa3psa3ka Ha . CeBepcK U

00O «ToMmckHeDTEXUM»

teo 14 | 19.05.15 | TO, c. Tumupszeo, A3C «["aznmpomMHEPTE» 0.32+0.01 62.24 /12.75 30.16 7.65
- 24.05.15 | TO, r. Tomck, UpkyTckuii TpakT 37a 0.42+0.02 - - -

teo 15 | 12.05.15 | TO, r. Tomck, neconapkoBas 30Ha JlarepHoro cana 0.58+0.05 80.66/11.71 15.28 431

teo 16 | 02.06.15 | TO, r. Tomck, neconapkoBas 30Ha JlarepHoro caga 0.68+0.05 68.27/6.90 24.01 7.72

teo 13 | 19.05.15 0.47+0.02 66.99 /11.28 23.07 9.99

- 24.05.15 | TO, a. Kanraii, cMelIaHHbIN JeC 0.75+0.04 - — -
- 19.05.15 | TO, c. TumupsizeBo, XBOHHBIN Jiec 0.72+0.03 - - -
- 21.05.15| TO, n. KonapoBo, XBOIHBII1 Jec 0.52+0.02 - - -
- 19.05.15 | TO, n. 3aBap3uHO, XBOWHBII Jec 0.71£0.03 - - -
- 22.05.15 | TO, nn. 3oHanbpHas CTAHIUSA, XBOMHEIN JIeC 0.74+0.03 - — —
- 16.05.16 | TO, 1. 30HanbHAs CTAHIIMS, XBOHHBIN JIEC 0.72+0.03 - - -
teol7 | 12.05.16 | TO, r. Tomck, HabepexHas p. ToMb 0.26+0.01 64.62/9.82 24.13 7.22
teol8 |21.05.16 | TO, n. KomapoBo, XBOiHBII Jiec 0.27+0.01 68.66/10.29 22.12 13.25
- 15.05.16 | TO, c. TuMupsi3eBo, XBOHHBIH Jiec 0.70+0.03 - - -
- 15.05.16 | TO, n. 3aBap3uHO, XBOWHBII Jec 0.73+0.03 - - -
teol19 |21.05.16 | TO, r. Tomck, C33 OO0 «TomckaehTEXUM» 0.35+0.01 72.78 /12.56 18.52 8.70
- 12.05.16 | TO, r. Tomck, UpkyTckuit Tpaxt 37a 0.44+0.02 - - -

TO, . Tomck, nopoxHas pa3Bsizka Ha T. CeBepck u
00O «ToMmckHeDTEXUM»

teol |25.05.16 | TO, a. Kanraii, cMelIaHHbIN JecC 0.71£0.03 78.18 /7.01 1541 6.41
teo2 [20.05.16 | TO, c. Tumupszeso, A3C «I"aznpomHEDTE» 0.54+0.02 78.06/14.13 16.79 5.13
teo3 |19.05.17 | TO, r. CeBepck, C33 CXK-15 0.55+0.22 78.66/6.96 15.19 6.14

teo20 |21.05.16 0.47+0.02 72.99/12.21 21.48 5.53
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Oxkonvanue mabauyvl

1 2 3 4 5 6 7
teo4 | 19.05.17 | TO, r. Cesepck, C33 CXK-25 0.54+0.02 | 83.63/10.21 14.48 1.88
teo5S |20.05.17 | TO, n. KonapoBo, XBOIHBI Jiec 0.41£0.02 82.69 /1091 11.56 5.73
teo6 | 17.05.17 | TO, r. Tomck, C33 OO0 «TomckuehTeXUM» 0.47+0.02 | 75.76/10.78 17.94 6.29

TO, r. Tomck, nopoxHas pa3Bsizka Ha T. CeBepck —

000 «TomckHedTexIM 0.64+0.03 78.06/8.22 18.81 3.37

teo7 | 17.05.17

teo8 | 20.05.17 | TO, c. Tumupszeso, A3C «I"a3npoMHEPTEHY 0.65+0.03 | 76.81/10.37 18.29 4.89
teo9 | 20.05.17 | TO, r. Tomck, neconapkoBas 30Ha JlarepHoro cajga 0.73+£0.04 76.19/5.97 21.71 2.09
teol0 | 22.05.17 | TO, n. Kanraii, cMelIaHHBIH Jiec 0.87+0.03 85.22/6.07 12.13 2.63
- 18.05.17 | TO, n. 3aBap3uHO, XBOIHBII JieC 0.78+0.04 - - -
- 19.05.17 | TO, n. 3oHalIbHAsI CTAHIIMS, XBOHHBIMH JIEC 0.76+0.04 - — -
- 08.05.19 | Pb, okp. r. Ynan-Y 13, cMeIIaHHBIH j1ec 0.66+0.01 - - -
- 10.05.20 | PB, okp. r. Ynan-Y 13, CMElIaHHBIH Jiec 0.75+0.01 - — —

t10 | 07.05.19 | PB, [Ipubaiikansckuii paiion, m. EnoBka, xBoiHsIii gec | 0.724+0.009 | 80.66/11.71 15.28 431
t10 08.05.20 | Pb, INpubaiikansckuii paiion, . EnoBka, xBoitnsiii iec | 0.79+0.008 | 80.66/11.71 15.28 431

Bersu

- 14.07.19 | TO, r. CeBepck, CXK-15 1.03+0.09 — - —
t10 | 14.07.19 | TO, r. CeBepck, CXK-25 1.05+0.09 50.33/5.18 46.69 2.97
tl1 14.07.19 | KemO, oxp. r. IOpra 0.63+0.05 53.34/2.95 45.0 1.65
t12 | 22.07.19 | TO, c. TumupsizeBo, A3C «Ia3npomuedTH» 0.96+0.09 57.32/4.29 40.30 2.37
t13 | 12.07.19 | TO, c. 3opkaiblLeBo 0.96+0.08 7.34/4.96 87.50 5.15
t14 | 21.07.19 | TO, c. KonapoBo, canatopuii «CuHuii yTec» 1.16+0.09 42.01/3.24 48.05 9.93
t16 | 25.08.19 | KemO, cocHoBbrii 60p B S50—60 kM 0T T. [IpokombeBck 1.16+0.09 60.02/1.61 35.38 4.59
t17 | 15.07.19 | KemO, oxkp. r. IOpra 0.81+0.08 54.47/3.56 43.85 1.66

- 14.07.19 | TO, r. CeBepck, CXK-45 0.77+0.01 — - -
t19 12.07.19 | TO, c. Tumups3zeso, 3anpaBka 0.91+0.09 58.92/4.26 38.04 3.02
21 14.07.19 | TO, r. Ceepck, CXK-15 0.83+0.08 65.93/5.70 33.98 0.08
t15 13.07.19 | AntK, r. Buiick, canoBoactBo «O0cKue 30pm» 0.45+0.04 64.95/5.42 34.98 0.06
t38 15.08.19 | AntK, r. buiick, canoBonctBo «O0ckue 30pu» 0.56+0.02 61.32/5.11 37.62 1.05
t20 | 12.08.19 | AntK, r. Buiick, nec kBaptan Ab 0.76+0.07 46.62 /2.87 53.28 0.08

AntK, r. Buiick, cocHOBBII 60p B 1 kM 0T buiickoro
OJICYMHOTO 3aBOIa
t36 19.07.19 | AntK, r. buiick, nec kBapran Ab 0.68+0.02 46.45/2.48 52.92 0.61
AntK, r. buiick, cocHoBbIi 60p B 1 kM 0T buiickoro
0JICyMHOT'O 3aB0JIa
KemO, r. IlpoxonbseBck, poiia B OKp. maxTel «Bopo-

22 | 11.07.19 0.66+0.06 63.74/ 6.67 35.49 0.76

t37 | 21.08.19 0.79+0.04 65.32/6.72 34.05 0.62

24 | 15.07.19 0.99+0.09 59.86/5.30 39.91 0.22
LIAJIOBO»

25 | 21.07.19 | KemO, nrt Tsoxuno, Tsoxunckuit napk «Ilo6ema» 0.29+0.02 13.79/3.28 84.79 1.41

26 | 15.07.19 | KemO, r. [IpokombeBck, p-H 1. Ynucryrar 1.03+0.1 56.53/5.39 42.87 0.59

t35 | 24.08.19 | KemO, oxkp. r. FOpra 1.06+0.04 58.84/2.44 39.23 1.91

Kasaxcran, Bocrouno-Kazaxcranckas o0ur., /
okp. I. Punnep

Kazaxcran, Bocrouno-Ka3zaxcranckas 0011.,
c. [TonoBunka

Kazaxcran, Boctrouno-Kazaxcranckas o0ur.,
c. Tapxanka

Kazaxcran, Bocrouno-Kazaxcranckas o0u1.,

t23 | 10.08.19 1.18+0.1 42.14/5.51 56.34 1.51

t30 | 09.08.19 1.23+0.08 48.35/7.44 49.44 1.70

t31 | 08.08.20 1.14+0.06 42.14/5.51 56.34 1.49

t32 11.08.20 . 1.13+0.06 45.32/6.02 51.59 3.07
OKp. I'. Anrait

t33 10.08.21 | Kazaxcran, Kocranaiickas o0u1., c. @enopoBka 0.87+£0.04 43.86/6.88 54.49 1.63

t34 10.08.21 | Kazaxcran, Kocranaiickas 00:1., ¢. CBITOCIaBOBKA 0.80+0.04 47.54/5.33 50.95 1.49

t39 13.07.21 | Kazaxcran, Kocranaiickas o6u1., c. @enopoBka 0.75+0.03 44.05/ 6.65 55.02 0.92

t40 14.07.21 | Kazaxcran, Kocranaiickast 00:1., c. CBITOCIaBOBKA 0.68+0.02 45.88 /5.97 53.43 0.67

Kazaxcran, Bocrouno-Ka3zaxcranckas o01.,
okp. I. Punnep
Kazaxcran, Bocrouno-Ka3zaxcranckas o01.,
c. [TonoBunka

t41 15.07.19 1.05+0.08 41.57/5.34 55.70 2.71

t42 | 16.07.19 1.14+0.05 49.66/8.35 49.32 1.00

IMTpumeuanue: TO — Tomckas o6nacts, KemO — Kemeposckast o6iacts, KpK — Kpacnosipckuii kpait, SIpO — Spocnasckas 00-
nactb, AntK — Anratickuit kpait, [TepmK — ITepmcknit kpait, Pb — Pecrry6mika Bypstust, TBO — Teepckas obmacts, KO — Ka-
myxckas oonacts, C33 — caHUTapHO-3aLUTHAs 30Ha, OKP. — OKPECTHOCTH, C.II. — cesibekoe nocenenue, CXK — Cubupckuit
xumudeckuit komounat, A3C — aBTO3anpaBoOYHast CTAHISL.



10 H.D. KojioMHELL, B.I'. IIIUPETOPOBA, H.}O. ABPAMEIL U JIP.

HammenpmmM conmeprxanneM 3UPHOTO Maclia oTin4aroTes Bee 13 o0pasmoB u3 EBponeiickoit uactu PO —
Spocnasckoii, Kamysxckoit u Teepckoii obmacteit (0.15-0.24%).

MakcumanbHbIe KOHIIEHTpalry 3(GUpHOTO Macia Ha ypoBHe 1-2%, ormeueHsl B oOpasnax 2019 r. coopa u3
Tomckoit, Kemepockoii obnacteii, KpacHosipckoro kpasi.

Bemsu. Conepxanue 3HpHOTO Maciia B BETBSIX COCHBI Pa3HBIX JIET cOOpa W3 pa3HBIX pernoHOB Poccuu u
Kazaxcrana naxogurcs B guamna3one ot 0.29 mo 1.23%, 410 B 11eJI0M HIDKE, Y€M B IIOYKaX.

AHanu3 pe3yibpTaToB COJepKaHus 3PUPHOTO Maciia B BETBIX COCCH, MPou3pacTaromx B ToMckoii o0macTi
B YCJIOBHO YHCTBIX MecCTax, B utoje 2019 r. mokasbeiBaeT, 4TO OHO, KaK ¥ B CIy4ae C ITOYKaMH, JOCTATOYHO CTa-
OWJIBHO, pa3HUIIA B cojiepKaHuu He npesbiaeT 17%. Coneprkanue 3(pHUpHOTo mMacia B 00paslax U3 30H C HOBBI-
IIEHHOW TEXHOT'€HHOM Harpy3Koi oTJIn4aeTcst B cpeHeM Ha 27%.

Conepxanue 3¢upHoro Macia B obpasuax u3 KemepoBckoil 00JacTH, 3aroTOBJICHHBIX B HIOJIE—aBIyCTe
2019 r., cocraBnser 0.29-1.16%. HaGmonenue, mpoBeieHHOE B TEYEHHE JBYX MECSIEB 3a MOIYJISIHEH COCHBL,
npouspacraromeii B okpectHocTH T. FOpru (t11, t17, t35) moka3zaio, 4ro conepxanne 3QUPHOTO Maciia yBeIHINBA-
€TCsI OT MIOJIS K aBIYCTY, UTO COBIAJAET C JAHHBIMU JIUTEPATYPHl 00 YBEIHMUSHUH €r0 COJCPIKaHMUs, HAUMHAS C Ce-
pEenuHBI JIeTa.

AHanornyHas 3aKOHOMEpHOCTh OTMEUEeHa B oOpa3max m3 Ajraiickoro kpas (t15, t38, t20, t22, t36, t37) u
Pecniyonmkn Kazaxcran (123, t30-34, t39-42).

OnucaHHBIC BBIIIEC OTIMYUS B COJICPKAHUU 3(PUPHOTO MaciIa B BETBSX, [IOYKAX COCHEI CBSI3aHEI ¢ reorpadu-
4ecKuM (paKTOpoM, BpEMEHEM, MECTOM cOOpa, MHTEHCHUBHOCTBIO aHTPOIIOTCHHOW HArPY3KH. BiHsHUE TOHIKEHHBIX
TEMIIEpaTyp Ha yBEeJIMYECHHUE MPOAYKIMU 3(PUPHOro Maclia B COCHEe OTME4eHO B rccienoBanuu M.JI. dykcmana [18].
Psin aBTOpPOB, KOTOpBIE M3yUYall 3(UPOMACITUYHBIE PACTEHHUS, KDOME BbIIIEYKa3aHHbIX [IPUYMH, YKa3bIBAIOT €Ille Ha
BIIMSTHHE TIPOIOJDKUTENIFHOCTH IKCTPAKIINH, HCTI0Ib3YEeMbIE METOIBI SKCTpakiu [ 16, 19-24].

Cocmasg ppaxyuti s3¢puproeo macna. Kak mOKa3pIBarOT pe3yIbTaThl HAIIETO HCCIeqoBaHu (Ta0l. ), hpakunu
B cocTaBe 3()UPHBIX Macey IMOYeK M BETBEW COCHBI IMPEACTABICHH MOHOTEPICHOMIAMH, CECKBUTEPIICHONIAMH H
JIUTEPIIEHONIAMHU, YTO COBIAJAET C NaHHBIMU JUTepaTypsl [17, 19-21, 25-32]. [Ipu 3TOM B HallleM UCCIIEeI0OBaHUN
JoJsl (ppaKkIuy TUTSPIICHOUIOB 0 OTHOLICHUIO K IPYTUM (pakmusM B 3QHPHOM Macie IMOYeK W BETBEH MMeeT
3HauUTeNbHbIE OTINYUA. B moukax oHa moxer gocturatb 43%, B TO BpeMsi Kak B BeTBsIX He npeBbiaer 10%.

Houxu. B 28 u3 34 06pa31oB moyek, 3aroTOBJIEHHBIX Ha TeppuTopun Poccun, ToMuHUpYET Gpakius MOHO-
TepreHonnoB (59.2-87.5%), U3 KOTOPBIX Ha JIOTI0 KUCIopoacoaepxkammx npuxonurca 6.0-12.1%. Coneprxanue
CECBHUTEPIIEHOHUIOB U TUTEPIeHONA0B cocTapisieT 7.0-22.4% u 1.8—-13.2% cooTBeTCTBEHHO.

B 14 u3 34 o6pasmos u3 Tomckoii, SpocmaBckoit, Kamysxckoit u TBepckoit odnacreit (t4, t8, t35-38, t43-50)
YCTaHOBIIEHO TIpeoOnamanne Qpakiun aureprneHonnoB (39.2-43.3%) u cecksureprnenonnoB (17.1-37.6%) Hag
¢pakueit MoHOTEprIeHON0B (21.9-39.5%).

Bemeu. TIpeobnananme Gppakiu MOHOTEPIICHOUIOB HA/l CECKBUTEPIICHOMIAMHU U TUTEPIICHOUJaMU Ha0JI0-
naercs B 14 u3 29 o6pasuos Berseit (53.3—66% / 33.9—43% / 0.064.6%).

B 12 o6pa3uax 3¢upnoro macna Berseii (1 — n3 Tomckoit obnacty, 1 — u3 KemepoBckoii obnacty, 1 — u3 Aun-
Taiickoro kpas, 9 — 3 Kazaxcrana) noMmurnpyet Gpaxmus ceckBUTEpieHOHI0B (53—-87.5%) u nutepreHonmos (0.08—
9.93%).

Komnonenmnwiii cocmas s¢ghuprozo macna. I1o TaHHBIM HAIINX UCCIIEIOBAHUMA, B COCTaBe d(DUPHBIX Macel
MOYEK M BETBEH 00pa3moB u3 pa3HeIX pernoHoB PO u Kazaxcrana ycraHoBieHo conepikanue 6omnee 100 TepreHon-
10B. ITpu 5TOM MaKOPHBIMH TEPIEHOMIAMHE B PA3HBIX 00pa3Lax SABIAIOTCS MOHOTEPIEHOU B — O-TMHEH, A KapeH,
JUMOHEH U (eJIaHIPEH, CECKBUTEPIICHOUIBI — O-KaJMHEH, TUTEPIICHOU B — MPOU3BO/IHbIC abueTana. O TOMHUHU-
POBaHMU ITPOM3BOIHBIX abueraHa B 3pUPHBIX Maciax nouek u3 EBponeiickoii yactu Poccun coobuiaercs BepBble.
Kpome Toro, BbisiBIIeH 0Opa3el 3(hupHOro Macia, He cojepkaiiunii 3-kapeH. B nureparype onucanbl eMHUYHbBIE
Clly4ad OTCYTCTBHS 3-KapeHa B 3upHOM Maciie cocHbl u3 ['epmanuu u ClOBakuH, U JOMUHHPOBAHUE B IPUPHOM
MacJjie HeKOTOPBIX 00pa3IioB COCHBI U3 JlaHWM TUTEPIIEHONIOB IPOU3BOIHBIX abueHomna [33, 34].

Bemesu. AHanmm3 KOMIOHEHTHOTO COCTaBa 3()MPHOTO Macia ITOKa3kIBaeT, 4To B deThipex (t10, t12, t19, t21)
U3 mecTn 00pa3ioB BeTBei 3 TOMCKOM 061acTn B coctae Macna npeobnanaet a-muaer (19.3-25.5%), A’-kapen
(4.9-15.2%), d-xkagunen (7.1-10.6%), numonen u demranapen (2.1-5.9%), 6opuunaunerar (2.7-3.9%), B-nuneH
(1.3-4.1%), t-myypoin (1.5-4.7%), a-xkaguaon (1.06—6.0%), reprmuoneH (1.0-2.4%).

B o6pasne t13 gomunampyrot d-kaguneH (15.9%), a-xaguaon (11.3%), T-myyporn (10.9%), kapuodumieH
(7.3%), y-xamuneH (6.3%), ourpkinorepmakpe (3.7%), repmakpen [ (3.4%), 6opamnanerar (3.3%), cnaTysaeHou
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(2.4%), rymynen (1.6%), y-myypounen (1.7%). Conepxanue o-muHEHa B 3ToM 00Opasie cocrasmiio Bcero 0.69%, 3-
kapeHa — 0.48%.

B o6pasue t14 xonnentpanusa A’-kapeHa OblIa 60JbIIE, 9eM O-TIMHEHA, U cocTaBuia 15.7 u 11.1% cootseT-
ctBeHHo. B mByx (t11, t16) u3 cemu oOpasuos BerBeil 3 Kemeposckoii oOnactu npeobnagaer A-kapen (21.8 u
26.6%). B nByx o0Opasmax (t24, t26) HanOOIBIIYIO OO B COCTABE Macia COCTABIISUI O-IIMHEH, COJICPIKAHUE KOTO-
poro Haxonuinock Ha yposHe 27.7 u 30.1% cooTsercTBeHHO. B 01HOM 06pasie t17 comepianue o-muiHeHa 1 A’-
KapeHa HaXOIUIIOCh IPUMEPHO Ha OJHOM ypoBHE — 19.6 1 19.1%. O6pasern t25 He copepkan 3HAYUTEIBHBIX KOJIH-
4eCTB O-IIMHEHA, a TaK JKe, Kak u oopaselr t13 u3 ToMckoit 001acTH, OTJINYAJICS BRICOKHUM COZCPKaHUEM O-KaIHHCHA
(18.3%), a-kamunona (13.9%), t-mMyypona (13.5%), cnarynenona (4.7%), B-munena (4.2%). Conepxanne A’-ka-
peHa B 3ToM obpa3siie coctaisuia Bcero 1.6%.

B mectn obpasnax u3 Anraiickoro kpas (t15, t20, t22, t36-38) nomunupyer o-nmHeH (16.98-26.3%), Ha
(oHe HeCKONBKO Gonee HU3KMX ypoBHEH A-kapena (12.5-17.4%). Conepxanue Ipyrux TEPIEHOMIOB B 9TUX 00-
pasnax cocraBuio: O-kaauHeH (6.2—13.8%), y-kaauneH (2.4—7.4%), numoneH u demtanape (4.0-4.3%), T-myypon
(2.5-3.3%), xapuodmuieH (2.2-4.2%), a-kaguaon (1.8-2.5%), ounuknorepmakper (1.5-2.4%), xamden (1.3—
2.3%), B-unen (1.3—1.5%), repmaxpen [ (1.3-5.4%), reprunonen (1.2-1.9%), 6opuunanerar (0.6—1.4%), catu-
BeH (0.5-1.2%), repmakpa-1(10),5-guen (0.3-1.4%), cnarymenon (1.1-1.2%).

B s¢upHOM Maciie u3 BypsaTuu JOMHUHUPYIOLIMMHU KOMIIOHEHTaM U sBIsIIOTCS o-niHeH (20.4-32.2%), numo-
Hen+B-pennangpen (6.7-9.8%), Ad-kapen (2.01-15.7%).

O6pasupr (123, t30-34, t39-42) n3 PecryGmuxu Kasaxcran comepikar o-MHEH Ha yposHE 19.4-21.2%, A3-
KapeH (6.8-7.1%), 6-kaguuen (13.2-14.4%), y-xamgunen (5.7-6.1%), -myyporn (4.8-5.3%), a-xkaauHON (4.5-5.2%),
6opuunaterar (3.9—4.4%), ounmkiiorepmakpet (3.8-4.2%), kamben (3.1-4.2%), repmakpen [ (3.1-3.8%), repmakpa-
1(10),5-mueH (2.6-3.2%), xapuodumreH (2.5-3.3%), B-mureH (2.3-3.0%), mumoneH u gemaraped (1.3—-1.9%).

Houxu. O6pa3ubl 3pUPHOTO Maciia U3 MOYEK, 3ar0TOBJICHHBIX B ToMmckoit obmactu B 2015-2017 rr., oim-
4aeT TeH eI HaKoIleHus A3-kapena, ycranosienHas juis 18 u3 25 o06pasuos. Ero coneprkanue B 3Tux 06pasuax
cocraBmio 15.78-35.45%, Ha done 3HaunTeNFHO OOJIEe HU3KOTO cojepkaHus o-nuHeHa (4.3—11.8%), npu sTom
COOTHOUIEHHE 3TUX KOMIIOHEHTOB B OT/JENbHBIX 00pa3uax BapsrpoBaio ot 1.3 : 1 10 6.4 : 1 COOTBETCTBEHHO.

Tonbko B 01HOM 00pa3siie — teoS, rae npeobIiaaaouM MOHOTEPIIEHOUIOM ObLI O-IIMHEH, €T0 COAEPIKaHUE
HaXOAWIOCh Ha ypoBHE 18.5%, Ha (hoHE HECKOIBKO Gostee HU3Koro ypoBHs A-kapena (13.3%).

Bo Bcex obpasiax mouek u3 Tomckoit oomactr 2015-2017 rr. c6opa BeISIBICHO BBICOKOE CoAepKaHue (el-
nmargapeHa — ot 5.0 go 24.9%.

B getsipex o6pasmax mouek 2018 u 2019 rr. coopa u3 ToMckoii 001acTH yCTaHOBJICHBI pa3HOHAIIPABIICHHEIE
TEHJECHIMA HAKOIUIEHUS o.-, B-muHeHa u A-xapena. Tak, B 1Byx o0pasmax (t1, t4) BEIABICHO IIPEUMYIIECTBEHHOE
HakorieHre A’-KapeHa, coJiepKaHue KOTOPOro cocTaBmio 15.9—16.3%, Ha oHe Gojlee HU3KOTO COAEPKAHUS O
nuHeHa (2.5-9.6%).

st oHOTO 00pasma (t2) ycranosieHo npeodiasanue o-nuHeHa (12.8%), na gone 3HaunTenbHO OGoiee HU3-
xoro cozepskxanus A’-kapena (3.9%) 1 BBICOKOTO COJIepKaHUs IMMOHeHa 1 (esutanapena (49.9%).

B o6pasiie (t3) 3-kapeH He 0OHapyKeH, IPH ATOM COZEP)KaHUE B HEM O-TIMHEHA U -IIMHEeHa cOCTaBIIsLIo 6.6
1 5.1% COOTBETCTBEHHO.

Bo Bcex detbipex obpasmax (t1-t4) mouek u3 Tomckoi obmactu 2018-2019 rr. cOopa HaiiieHO BhICOKOE
cofiepaHre JUMOHeHa U demtanapena (5.4-49.9%). K uuciry TeprieHOB, HAKAIIMBAIOIIUXCS B TOCTATOYHOM KO-
JYECTBE, OTHOCATCS TeprnuHoNeH 1.2-2.5%, meHTa-1,5-auen-8-om, mapa 0.5-2.2%, reprmuen-4-ox 0.4—1.6%; uu-
MeH-8-o1, mapa 0.3-2.5%, 6opamnarnerat 0.7-2.8%, nonrudonen 0.2-2.3%, 6-kaguneH 1.8-2.9%, cmarynenon 0.2—
2.0%, t-myypoun 0.6—1.4%, neruapoadueran Hop (m3omep 2) 0.2-5.3%.

Conepxanne A’-xapena B o6pasue (t7) u3 Tomckoii o6mactu 2020 r. c6opa coctapuio 18.2%, o- 1 P-uHeHa
9.6 u 5.2% cooTBercTBeHHO. K umnciy Apyrux TeprieHON10B, HAKAIUINBAIOIIMXCS B BRICOKUX U OTHOCHTEIILHO BBI-
COKHX KOHIICHTPAIUIX, OTHOCATCS JIuMOHeH+heanapen 18.5%, B-muprieH 6.7%, teprnuHosieH 2.5%, 0-KaIuHeH
1.9%, nerunpoadueran (uzomep 2) 1.7%, cnarynenon 1.3%, dopuunarerat 1.1%.

Bo Bcex msaTu 00pasnax 3¢hupHOro Macia nouek u3 SApocnasckoit oonactu (t8, t35—38) oOHapykeHO HU3KOE
conepkanue Kax o-, B-mmaena (0.8-1.1% u 0.4-0.7%), Tak u A’-kapena (1.4-1.9%). B 5Tux 06pa3smnax yCTaHOBIECHEI
BBICOKME KOHIIEHTpAIMH Aeruapoaduerana m3omepoB | u 2 (4.3—4.9% u 10.6-12.5%), nerunpoabuerana, Hop-(4-
Mmetmiena) 3.8—4.7%, nerunpoabuerana 2.5-3.7%, Heoabueta-nueH (2.5-3.6%), o-kamuneHa (3.5-4.4%), 6opHu-
nanerata (2.7-3.9%), monrudonena (2.6-3.7%), cnarynenona (2.1-3.3%), kaganena (2.1-3.2%), t-myypomna (1.8—
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2.4%), neoabueranuena (1.6-2.8%), y-xaguaena (1.5-2.6%), a-kaguaomna (1.4-2.6%), kapuodmmuieH okcuaa (1.4—
2.3%), nerunpoaduerans (1.1-1.9%).

B o6pasue u3z Kpacnosipckoro kpas (t5) ycraHoBieHo Bbicokoe copepxkanne A’-kapena (15.1%), conepxa-
HHUE KOTOPOTO PABHO CYMMAapHOMY COJICpXKAHUIO o-ITHeHa U J-mimHeHa (7.2 u 7.8% coorBeTcTBeHHO). ColepKaHue
muMoHeH+(eutanaper coctaBmwio 14.1%; 6-kamunena 2.8%, menra-1,5-nuen-8-oma, mapa 1.92%, nerunpoabue-
tana (m3omep 2) 1.7%, repnunonena 1.4%, copuunauerara 1.3%, cnatynenona 1.37%, nonrudomiena 1.31%, o-
numeHa 1.2%, y-xagunena 1.1%, t-myypona 1.1%.

Taxk xe, kak 1 o0pa3zen u3 KpacHosipckoro kpasi, oopasert apupHoro macia rnodyek u3z Kemeposckoii obnactu
(t6) Gorar A3-kapenom (25.4%), Ha (one Goyee HU3KUX yPOBHEH 0-, U B-muHena (9.2 u 9.8% COOTBETCTBEHHO).
Taroke 3HAUUTENILHBIM SIBJISIETCS COIepIKaHue TuMOHeHa+(emanapena — 10.4%.

B a¢upHom Macne nouek u3z bypsituu gomunupytot o-nuseH (7.8-21.3%), B-nunen (8.0-12.2%), B-mupuen
(5.1-11.7%), 3-xapen (6.3—15.9%), numonen+B-demtanapen (18.7-21.2%).

Wudopmarnus o coxepxanun 3GUPHBIX Maces U ero COOTBETCTBUH TPEOOBAaHHUSM HOPMATHBHBIX JIOKYMEH-
TOB, 0 MOKOPHBIX KOMIIOHEHTaX B COCTaBE MaCeN MPEACTABIIET OONBIIYI0 [IEHHOCTH C TOUYKH 3PEHUS 000CHOBAHHS
BO3MOKHOCTH UCIIOJIH30BAHUS PACTHTEIEHOTO CHIPhS M A(PUPHBIX MACell Ha €r0 OCHOBE B MEIUIIMHCKOI MPaKTHKE,
TUTAaHUPOBAHHUHU 3aTOTOBOK B TOM WJIM MHOM paiioHe.

Hauboiee xopomio u3ydeHsl CBOWCTBA O-IIMHEHA, JOMUHHUPYIOMIETO B 3(UPHBIX MACIaX MMHEHOBOTO XEMO-
TUTIA, KOTOPBIA MPOSIBISET MPOTHBOBOCIIAUTEIILHBIC CBOHCTBA [35], MPOTHBOMUKPOOHKIC [36], HHTHOHUPYET alle-
TUJIXOJIMHACTEPA3Y, YAyUIlaeT MaMsTh, SBISIETCS MOJNOXUTETbHBIM MoaysiTopoM I’ AMK-penentopos [35].

N30abueHo 001a1aeT BRIPAXKEHHBIMH [TPOTHBOMUKPOOHBIMHE CBOMCTBamH [37].

Odupnbie Macia, borateie 0-KaJUHEHOM, U CaM 0-KaJIMHEH 00JIaIal0T BIPAXKCHHBIM JIAPBUIIUIHBIM (Y3KOE
WHCEKTHIIUIHOE) NEHCTBHEM, MPOTHBOBOCIIAIHTEIGHBIMA, AHTHOKCHAAHTHBIMH, AaHTHHOLMWICTITUBHBIMU CBOIi-
ctBamu [37].

JuTeprneHon Ibl, B YACTHOCTH adMeTaH U ero IMPOU3BOIHEIE, 00IaTaf0T IPOTUBOSI3BEHHOH, TPOTHBOMHUKPOO-
HOM, IPOTUBOBOCHIAIUTENIbHOM, IPOTUBOOITYX0JIEBOH aKTUBHOCTBIO [34].

JIuMOHEH TIPOSIBIISET BHIPAXKECHHYIO aHTHOKCHUAAHTHYIO aKTHBHOCTB, TPOTHBOOITYXOJIEBOE JIeHiCTBHE, 00I1a-
JTaeT MPOTHBOAMAOCTUICCKUM ICUCTBUEM, CTHMYIUPYET METAOOIMUYECKUE MPOIECCHI, MOBBINIACT YyBCTBUTEIb-
HOCTh K MHCYJIMHY B MBIIIIAX U TICUYCHH, MOXKET YCUIMBATH TOTJIONMICHHE T1F0K03bI B 3T3-L1-amunonurax ¢ momo-
b0 IEPEHOCUMKOB TUIFOKO3bI, IPEIOTBpaIIaeT JucaunuaemMuto [38].

Bopaunarieratr o6magaer mpoOTHBOBOCTIATHTENBHOM, IIPOTHBOOIYX0JIEBOI aKTUBHOCTBIO, CIOCOOEH yMEHbB-
[IaTh BEPOSITHOCTH BOSHUKHOBEHHSI aTEPOCKIIEPO3a 3a CYET BO3ACHCTBHS HA CTEHKH cocyoB [38].

Kapuodumien u xapuoduisieH-okcu 001a1al0T BBIPAKEHHONW MPOTHBOPAKOBOH aKTHBHOCTHIO, TOCPE-
CTBOM BITUSIHHS Ha POCT ¥ TIPOJTU(EPAIIHIO paKOBBIX KiIeTOK. KapruoduiieH-okcum 0061amaeT criocOOHOCTEI0 YMEHbB-
nratek 00ib [38].

B oTiM4ue OT HEPEYHCICHHBIX BEIIIE TEPIEHOUIOB U HX BAXKHBIX (DApMaKOJIOTUYECKUX CBOKMCTB A3-KapeH,
HAMPOTHUB, 00JIaJaCT aJUICPICHHBIMUA CBOMCTBAMH, MOYKET BhI3bIBATh YTHETCHHE TKAHEBOTO JIbIXaHHS, KOHTAKTHBIC

JepMaTHUTHI U T.1. [25, 32].

Buisoowr

Conepxxanme 3pUpPHOTO Macia B BETBAX COCHBI 0ObIKHOBeHHOW M3 Poccum m Kazaxcrana — 0.29-1.23%.
B noukax cocHbl U3 pa3HbIX pernoHoB Poccuu coneprkanue 3()MpHOro Maciia BapbUpPyeT B IIMPOKOM JHaria3oHe
3Ha4yeHnH — 0.14-2.04%. 13 54 00pa31oB nodek 1o copepxanuro 3¢pupHoTro Macna TpedoBanusm PC He coOTBET-
cTByIOT 13 00pasioB u3 Espomneiickoit uacti Poccun (Spocnasckas, Kamyxckas, TBepckas 001acTh) U 4eThIpe —
3 Cubupu (Tomckast ob6macts). [lodydeHHBIE pe3yIbTaThl CBUACTENBCTBYIOT O BO3SMOXXHOCTH 3aTOTOBKH JaHHOTO
BUA CbIPbs B pCruoHax CI/I6I/lpl/I C KOHTUHCHTAJIbHBIM U PE3KO KOHTUHCHTAJIbHBIM KJIMMATOM.

KauecTBeHHBIH cocTaB 3UpPHBIX Maces CTa0WIIeH B pa3pe3e perHoHOB U BPEMEHH 3ar0TOBKH CHIpbs. boree
3HAYMUMBbIC UBMCHCHUA Ha6J'IIOI[alOTC$I B KOJIMYCCTBCHHOM COJCPKaHUN KOMIIOHCHTOB.

B 59% poccuiicknx 00pa3oB 3pUpHOro Macia Mo4eK COCHbI OOBIKHOBEHHOW M3 CHOMPH MasKOPHBIM SIBJISI-
ercs AS-kapeH, cojiepskaHHe KOTOPOro B HEKOTOPBIX 0bpasiax gocturaer 35%; B 13% o6pasloB JOMMHUPYET -
nuHeH, B 11% — nuMoner+B-dennanapen, Bo Bcex eBponeickux oOpaslax — NpOU3BOIHBIE a0HETaHa, B OJHOM
o6pasue 13 Cubupu A-xkapeH He 0OHApYKeH.
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KomnonenTtHsIi coctaB a¢upHOTro Macna erseit u3 Poccun u Kazaxcrana 6oiee oqHO00pa3eH 1 CTaOmiIeH

110 COCTaBY U COJEPKAHMIO MAXKOPHBIX BemecTs. B 81% 00pa3LoB JOMUHUPYET o-TIUHEH, B 9% — A-kapen, B 6% —

O-KaIMHEH.

BosnbIoe kom4ecTBo 00pa3iioB 3pUPHOTo Macia MOYeK 1 BETBEH COCHbI OOBIKHOBEHHOM C MPEUMYIICCTBEH-

HBIM HAaKOTIeHHeM A’-KapeHa, BISBIEHHOE aBTOPAMH, TIOCITYXKHJIO OCHOBAHMEM JIJIsl AaIbHEHIIEH paboTe B 061a-

CTH COBEPLICHCTBOBAaHUS TpeOOBaHUN K KaYECTBY CBIPbS, H3YUEHHS OCTPOii, XPOHMYECKOH TOKCUYHOCTH, a TaAKIKe

JIpyTHX (papMaKoIOrMIecKuX CBOMCTB.
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Pinus sylvestris is the most widespread species in Central, Northern, Western Europe, Russia, Kazakhstan and some other
Asian countries. Its lumber, needles, branches are used in industry, buds and essential oil are used in medicine and parapharma-
ceuticals. Due to the fact that many commercial areas are located in the zone of intensive economic activity, the quality of raw
materials, the assessment of the essential oil content and the composition of the major components of the oil are important.

The raw materials for the study were prepared in Russia and Kazakhstan. The essential oil obtained by hydrodistillation
was analyzed by the GLC-MS method.

It was found that in 59% of samples of buds essential oil from Siberia, the major substance is A3-karen, in 13% — a-
pinene, in 11% — limonene+p-fellandrene, in all European samples — abietane derivatives, in 1 sample from Siberia A3-karen
was not detected. The dominance of abietane derivatives in essential oils of the buds has been reported for the first time. The
component composition of the essential oil of branches from Russia and Kazakhstan is more stable in composition and concen-
tration of major substances. A-pinene dominates in 81% of the samples of the essential oil of the branches, A3-karen dominates
in 9%, and 6-kadinen dominates in 6%. Of the 54 buds samples, 13 samples do not meet the requirements of the FS in terms of
essential oil content.

A large number of samples of essential oil with a predominant accumulation of A3-karen, identified by the authors, served
as the basis for further work in improving the quality requirements of raw materials, as well as studying acute, chronic toxicity,
as well as other pharmacological properties of essential oils.

Keywords: Pinus sylvestris, essential oil, buds, branches, European part of Russia, Siberia, Kazakhstan.

For citing: Kolomiets N.E., Shiretorova V.G., Abramets N.Yu., Erdyneeva S.A., Radnayeva L.D. Khimiya Rastitel'nogo
Syr'ya, 2024, no. 4, pp. xxx—xxxX. (in Russ.). DOI: 10.14258/jcprm.20240412483.
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