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OIIBIT KYJIbTUBUPOBAHUSA JIEB3EH CA®JIOPOBUJIHON
Rhaponticum carthamoides (Willd.) Iliin B KAMECTBE PECYPCHOT'O
NCTOYHUKA DKIVCTEPOHA B YCJIOBUAX APXAHTEJIBCKOI

OBJIACTU

H.Il. TUMO®EEB™

MupoBoii ppIHOK 3KIHCTePOH-coaepxKamux cyocranumii Ha 2021 rox ouenusancs B 100 mupn
J0JIIapOB, W B OuKaiimume 5 jer moTpedHOCTh B TAKMX CYOCTAHUMAX OyJdeT 3HAYMTENHHO BO3PACTATH.
g nosydeHHs1 SKAMCTEPOH-CONEPKAMMUX MPOAYKTOB (papManeBTHYECKOro KayecTBa B NMEPBYIO o4Yepeab
MOAXOAAT HAJA3eMHbIEe W TMOA3eMHble YacTH JieB3en cadiopoBuaHoii Rhaponticum carthamoides (Willd.)
Iliin. OOmIEeNpPUHATBIE TEXHOJIOIHA KYJIbTHBUPOBAHUA M u3ydeHue R. carthamoides B Poccun n 3a pyoe-
JKOM He CBSI3aHbl C KAYeCTBOM MOJYyYa€MOro JIEKapCTBEHHOro chipbsi. B HacTosimeii padote Bnepsbie pe-
aJIM30BaH AJbTEPHATHBHDIA CHOCO0 MOJTYyYeHHS SKIUCTEPOH-COAEpKALIei CyOCTAHIMM U3 JINCTOBOrO Ma-
Tepuaja Jjes3en cadiopoBunHoii R. carthamoides. Ilpennaraemas TeXHOJIOrHsS MPOCTa, MacmTadbupyema
B ycJoBusix arpononyiasiuuii EBponeiickoro CeBepa U COOTBETCTBYET KJII0UEBbIM TPEOOBAHUSAM, KOTOpPbIE
NPeIbSABISIOTCS MEXKAYHAPOIHBIMH JKCIEPTAMH M CHEHMAJMCTAMM K MCTOYHUKAM MPOMBIILIEHHOTO TO-
JydeHus: Ikaucrepona. Hameii neibio 0bu10 npoaHanu3upoBath 32-J1eTHHI ONBIT KyJIbTHBHPOBAHUS
JieB3ed ca()IOPOBHAHON B YCJIOBHSX NMPOMBIILIEHHO JKCILUIYyaTHPYEMOii MJIAHTALMH, PACHOJIOKEHHOH Ha
Esponeiickom Cesepo-Bocroke Poccuu (ApxaHresbckasi 00.1.), BBISIBUTh NOTEHIMAJ JA0JITOJIETHSL U NIPO-
JNYKTHBHOCTH arpononyJjsuuu R. carthamoides no Bo3pacTHbIM mepHoaaM, M3Y4YUThb 3aKOHOMEPHOCTH
HAKOIUIEHHS SKIUCTEPOHA B €XKEroJHo OTYYK/AaeMoii Han3eMHoi ¢uToMacce, a TakxkKe OLEHUTb Kaye-
CTBO MOJIy42€MOT0 PACTUTEJbHOTO ChIPbsI MO COJAEPKAHUIO HOPMUPYEMBIX BewiecTB. M cciieoBanus Bbi-
TOJIHSUTH HA 10T0-BOCTOKE APXAHIeIbCKOii 00J1acTH, B oA30He cpeaneii Taiirn (Kormacckuii p-u; 61°20” c.ui.,
47° B.1.), B arpononyjsiuud R. carthamoides (enuublii yyacTok miomaapio 1 ra) B nepuoa ¢ 1989 no
2022 roapi. Cemena ObLin mosnydenbl u3 Boranunueckoro caza Komun HII YpO PAH (r. ChikThIBKap).
HcxonHoe mpoucxoxaeHue ceMssH — AJTaiickas NpUpOIHAs MOMYJISUs; nepBu4HbIid coop 1956 rona.
IToceB ¢ mexnypsaabsavu 70 cM, NOA3UMHMIA (B cepeHe OKTAOPSA MOCJe HAYaJIa OCEHHUX 3aMOPO3KOB).
Hopma BbiceBa ceMsiH — 2,7 Kr/ra mpu nosieBoii Bcxoxkectn 58 %; riryOuna 3agenkn cemssH — 2-3 cM.
Munepaabhbie ynoopenus (NPKe0-90) BHOCHIM TOJbKO B mepBble 3 roaa mocje nocepa; najee KyJbTH-
BHPOBAHKE B OHTOTeHe3€e BeJIH 10 THIIYy OPraHuYecKoro 3emienesns (MUHepaibHbie M OPraHndecKue ynoo-
peHusi, repoMIMAbl, XUMIYECKHe CPeCTBA 3aIUThI H PEryJsaTopbl PocTa pactreHuii He npumensm). Ot-
YyKIeHHE YPOKas HAJA3eMHbIX YacTeil ObLIO €XKeroaHbiM oAHOPa3oBbiM (B ¢azy Oyronusamuu). IIpume-
HSUIM KOMILIEKC MOMYJISIMOHHBIX, aTPOXUMHYECKHX, AaHATOMO-MOP(}O0JIOrHIecKHX, OMOXMMHYECKHX U CTa-
THCTHYECKHX METONOB aHaimu3a. Ha ypoBHe arponomy/isiniu u3y4ajiu BO3PACTHbIE COCTOSIHMSI B OHTOre-
He3e, IJIOTHOCTb (YMCJIEHHOCTDb), BAJIOBYIO MPOAYKIMIO HAA3eMHBIX M MOA3EMHBIX OPTaHOB, YPOXKAWHOCTH
ceMsiH, HA YPOBHE PACTeHHil — POCT, pa3BUTHE, MOP(OIOTHIECKYIO CTPYKTYPY, NPOAYKTHBHOCTb Pa3JIHy-
HBIX OPraHoB (KOPHHM, JHUCTbsI, ceMeHa). M3bsiTHe 00pa3ioB NPOBOAUIMA B ONTHMAJIbHbIE (a3l pa3BUTHS
pacreHmii: Haa3eMHo#t (puTomaccel — B (pa3y oyronusaunuu (I u I1 nekana uioHA), KOPHEBMI] — OCEHDbIO
nocJjie 3aBepiieHus: BereTamun (OKTA0Pb) MM paHHE# BECHOM 10 Hayaia BereTamuu (ampeib). B Hanzem-
HO# YacTH BblIEJSIH MOP(OJIOrHYeCKH Pa3HOPOIHbIE OPraHbl — YKOPOYEHHbIe BereTaTBHbIE (PO3eTou-
HbIE) H CTedJeBble TeHepaTUBHbIE (PENpPOaYKTHBHbIE) Modern ¢ couseTusMu. IIpombliieHHbli cOop pac-
THUTEJIbHOTO ChIPbSl OCYIIECTBJISIA B KOHIE Mas—Hayaje MOHs, B (a3y Oyronmsaumu. PacturebHblii
maTepua (Oprasbl, 3J1eMeHTbl U ()PAKIMH) BHICYHIMBAJIM NIPU NepeMeHHoi Temnepartype ot 23-25 no 35-
40 °C 4 OTHOCHTEbHO! BIAXKHOCTH Bo3Ayxa 25-40 % B COOTBETCTBHH C MPABWJIAMH MO 3ar0TOBKE W
CyIIKe JIeKAapCTBEHHOTO Chipbs. VI3 BO3AYIIHO-CYXOro ChIpbsi METOAOM KBapToBaHusi ¢opMUpPOBAIH 00-
pa3upl i JajbHEIIero OnpenesieHns] COAepkKAHUs NEepPBUYHBIX M BTOPHYHBIX MeTadosmToB. Kosmye-
CTBEHHOE COJlep:KaHHe IKIUCTEPOHA B CYXHX 00pa3uax onpenessyii METOAOM 00paiieHHO-(a30Boil BbI-
coK03¢deKTUBHOII JKUIKOCTHOI XpomaTorpaduu ¢ KOMIBIOTEPHOH 00PA0OTKOIl JAHHBIX M0 METOAY BHYT-
peHHero crangapra. Vicnosb30BaiM KUIKOCTHBIE MHKPOKOJIOHOYHBIN xpomatorpad Mwmwmxpom-5 (ko-
nonka 80%2 mM, copoent Nucleosil C18 ¢ pasmepom wactun 5 Mmkm) (OO0 «Meaukant», Poccns).
Takke MpOBOAMIM XMMHYECKHE AHAJM3BI CyXHX 00pa3loB HA coJepKaHhe MOTEHIUAIbHO ONMACHBIX Be-
mecTB. IJIMTEIbHOCTh OHTOreHe3a arponomyJsuuu Oblia 0JM3Ka K MapaMeTpaM NPUPOIHBIX MOMYJISLMi
Ha CyOANBNMIACKMX JIyrax u cocrapisiia cebime 30 JeT 0e3 mepexona B CEHWIbHbIN Bo3pacT Ha 33-ii ron
JKM3HM, TJIOTHOCTb PACTEHMii TOCTUTaja ONTUMAJIbHBIX 3HaYeHmii 28-23 Thic. mT/ra, HaunHasg ¢ 3-4-ro
roga xu3Hu. BereTaTuBHas Haj3eMHAs MAcca M KOPHH C KOPHEBHIIAMHM He MOPAXKAJIMCH 00JE3HAMH W
BPEIUTEISMH. YCPEIHEHHAS MACCa KOPHEii ¢ KOPHEBHIIAMH B TEPHOJI C OTHOCUTEIBHO YCTONYMBBIM MPO-
nyuupoBanuem uroMacesl (¢ 5-ro mo 32-ii ron xu3znu) cocrapisiia 246,3 r/pactenune, HaA3eMHbIX Ya-
creii — 223,4 r/pacrenue. CpenHeroosasi pacueTHasi NPOAYKTUBHOCTb HAJ3€MHOM YaCTH arponomyisiuu
3a 3TOT ke nmepuon cocrasuia okoo 5300 kr/ra, moa3emnoii — okoso 6100 kr/ra. BereraTuBHbIii THI
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pa3MHOXKeHHs ObLT Hanbosee SIPKO BBIPAKEH [UIsi CYOCEHHIBHOTO BO3PACTHOrO cocTosiHus (¢ 13-ro mo
32-ii rox u nanee), rae 3aTparthl Ha npoayuuposanue cemsiH (1,3 Kr/ra) Oblu KpaiiHe Hu3kumu. Ce-
MEHHO# THN Pa3MHOXKeHHs ObLT XapaKTepeH 1JIs1 FeHEPaTUBHOTO NMepuoja, HayuHad ¢ 4-5-ro roga (8-
30 kr/ra) ¢ nukoM Ha 6-7-ii roapl (108 u 78 Kr/ra). B ueioM BKiaJ reHepATHBHBIX MOOETOB B BEJIMYNHY
¢uToMaccsl oka3ajicsa He3HAYMTEJEH HA BCEM NMPOTSKEHMM JKU3HEHHOro uukia. BuocunTe3 m Hakom-
JieHHe JKANCTEPOHA OBbLIM MPSMO CBSA3AHBI C BEr€TATHBHBIM PA3MHOKEHHEM: NPH AHAJN3E CONEPKAHUS
3KIMCTEPOHA B PO3ETOYHBIX MOOErax B 3aBUCHMOCTH OT BeJIMYMHBI HAJA3eMHOI Macchl K03hduuueHt
netepvuHauun 6au30k kK 80 % (R%Z = 0,768). Bonee 90 % exeroaHo CHHTE3MPYEMOro SKAMCTEPOHA
(22 Kr/ra) HaKanIMBaJOCh B HAJA3EMHOI YACTH PACTEHMil B ONTHMMAJIbHBIA yOOpouHbli Bo3pact (¢ 5-ro
no 32-it roapl), wiM okojo 600 kr akaucrepona 3a 27 Jjer Ikcmiayarauuu. KavecTBeHHble moKa3aTesu
JIEKAPCTBEHHOTO ChIPbsl M3 JUCTOBOro Marepuana R. carthamoides ObliM BLICOKMMH M COOTBETCTBOBAJHU
TpeGOBaHUSAM /Uil M3TOTOBJIEHHsI (hapMaleBTHYECKUX MPENapaToB ¢ OTHOCHUTENbHOI YMCTOTOM IKIUCTe-
pona 97 %. PactureibHOE ChIpbe€ COOTBETCTBOBAJIO BCEM HOPMATHBHBIM TPEGOBAHMSM HAN30PHBIX Opra-
HOB: B HEM He HAKAIUIMBAJIMCH JIEMEHTbI MEPBOTO U BTOPOro Kjiacca onacHocTH (Tsukenbie metanisl Hg,
Cd, As, Zn; Ni, Cu, Cr) Bbime (hoHOBOro ypoBHs, OTCYTCTBOBAJIM 3ampelleHHbie XJop- u ¢ocdopopra-
HUYECKHE COeIMHEHHs, coaepxanue paanonykiuaos 2°Sr u 137Cs u HUTPUTOB GbLIO HIKE JOMYCTHMOM
HopMbl. VI3 cyOcTaHumii HA OCHOBE JIMCTOBOro Marepuana R. carthamoides 3KkAUCTEPOH XOPOLIO 3KCTPa-
THPOBAJICSL B BOAHbIE M CIUPTOBbIE PACTBOPbI M XOPOIIO COXPAHSUICHA B HUX 0e3 KOHCepBaHTOB (Ha 93-
98 % teuenne 1 cyr). Ilpumenenne KOPMOBOii J0OABKH HA OCHOBE 3TOil CYOCTAHUMM B NMPOMBILLJIEHHOM
JKUBOTHOBOJICTBE NMPUBOIMIO K 3HAYMMOMY O3[0POBJIEHHIO TOT0JIOBbS, AHA0OJIMYECKOMY U IKOHOMHYE-
ckoMmy 3 dexTam.

KimoueBbie cioBa: ¢uroakmucrepounnbl, 20-ruapokcus3Kknn3oH, Rhaponticum carthamoides,
Jes3es cadopoBuaHas, Mapaiuii KOpeHb, KOPMOBbIe J00ABKH, aHA00IMYeCKHe CyOCTAaHIMM.

JleB3est cacbnopoBunHast Rhaponticum carthamoides (Willd.) Iliin, 1933 —
MHOTIOJIETHEE pacTeHUue ceMmeiicTBa Asteraceae (p. Rhaponticum, nompon Forni-
cium) (1, 2), cuHTe3upywllee OMOJIOTMYECKM aKTHBHOE BELIECTBO 3KINUCTEPOH
(cuH.: 20-rugpokcusakauioH, 20EF) u3 knacca sknuctepouaos (BDC). BTo eauH-
CTBEHHOE SKIHUCTEPOH-COIepKalllee pacTeHue-aganrtoreH (cuH.. Leuzea car-
thamoides DC; Stemmacantha carthamoides, patoHTUKYM cadIOpOBUIHBIN, Ma-
pajioBa TpaBa, MapaJiuii KOpeHb), BKJIIOUEHHOEe B O(pUIIMAIbHYIO (apMaKoIero
Poccuiickoit ®enepauun [X-XIV usnanuii (¢ 1961 roga) (3), a Takxke Pecrny6-
quxku benapych (4). OHO HE TOKCMYHO U HE MMEET MPOTUBOMOKA3aHUMN MPU MC-
noJyib3oBaHuu (5). B (papmakonee apyrux crpaH EBpornbl, A3uu 1 AMEpUKU 3TOT
BUJI B HACTOSIIIIEE BPEMS OTCYTCTBYET (6, 7).

OcHoBHble (hapmakoTepaneBuueckue 3 dekTol R. carthamoides — anarn-
TOT€HHBIN, aHAOOJIMYEeCKHNI, aHTUCTPECCOBBIN, aHTUKOATYJISHTHBIM, aHTHOKCH-
JNAHTHBIA, TeMOPEOJOTUYECKU, TMIMOIJIMKEMUYECKUH, HOOTPOIHbIM, SProreH-
Hbli (5). B mocnenHue rofasl onyoJuKOBaHA cepusi HaydYHBIX 0030pPOB B CBSI3U C
OTKPBIBIIMMUCS BO3MOXHOCTSIMM M TIEPCIIEKTUBAMU TPAKTUIECKOTO MPUMEHE-
HUS SKIUCTEPOH-COMEpKAIINX CYOCTAaHIIMM B Pa3IMIHBIX OOJACTIX: B ODUIIM-
aTbHOM (hapMaKOJIOTUN M MEOWLIMHE IUTS JICUCHHSI CepIeUHO-COCYANCTRIX, HEMpPOo-
JIerTeHepaTUBHBIX U MeTabouueckux 3adosieBaHuii (5, 8, 9); A1 3alIUTHI U BOC-
CTaHOBJIEHUS MPU OCIOXHEHUSAX KopoHaBupycHoit uHpekuuu (COVID-19) (10-
12); nnst mpoUIIaKTUKY Y afbIOBAHTHOI Tepanuu 3JI0KAa4YeCTBEHHBIX HOBOOOpa-
30BaHU, B YACTHOCTU paka MOJIOUHOM xkene3bl (13-15); mist mpegoTBpalleHUs
JleTeHepaTUBHBIX N3MEHEHHWI B OpraHU3Me, CBA3aHHBIX C IJTUTEIBLHBIM CTPECCOM
" cTapeHHneM uesioBeKa (6, 16); I peomoeHNUST TSKEIBbIX (PU3NIECKUX U TICH-
XMYEeCKUX Harpy3oK y 3I0pPOBOTO YeJIOBEKa, BKIIIOYAS CIIOPT BBICOKUX TOCTIDKE-
HUIA, TAe 9KIMCTEPOH HE OTHOCHUTCI K 3ampelleHHbIM cpeactBaMm (17-21); kak
¢duTobroTHYECKasA U aHaboJIMYecKass CyOCTaHLMSI B COCTaBe KOPMOBBIX J00OAaBOK
IUIST O3MOPOBIEHUS CETbCKOXO3SICTBEHHBIX XKNBOTHBIX 1 3HAUMMOTO TTOBBILLICHUS
HUX CPEIHECYTOYHOro MPUPOCTa U MPOAYKTUBHOCTU (22-25). B 3TOM CBSA3M MHTE-
peceH (akT HeJaBHETO OOHapy:KeHUSI B KpoBOTOKe y 20 BMOOB ITHIL ceMelCTBa
Passeridae (BopoobuHbie) (Aves: Passeriformes) OTHOCUTENIbHO BBICOKOTO COIEp-
JKaHUs 9KIMCTEpOHA U ero MeTaboJUTOB, MOCTYMAIOUIMX U3 CEMSH AUKOPOCOB,
YTO CITOCOOCTBYET 3aIllUTE OT BPEIHBIX (DAKTOPOB CPEIbl, a TAKXKE BHICOKOM CKO-
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pOCTH MeTabOIMYEeCKHX IIPOLIECCOB pocTa U pa3BUTHs (26).

MupoBOii PHIHOK 3KIMCTEPOH-comepxKalmx cyocranmuii Ha 2021 ron
ouenuBajicg B 100 mupn momtapoB M, COTIIACHO aHAJIMTUYECKOMY OTYETY M IIPO-
THO3Y IJIO0AJbHOM MCClenI0BaTeIbCKOM U KOHCAATMHIOBOK KoMmaHuM «Quince
Market Insights» (Muaust), B Oukaiiiime 5 JeT moTpeOHOCTh OyIeT 3HAUUTEIbHO
Bo3pactarthb (27). PeIHOK mpenapaToB 5KAMCTEpOHA M3-3a PEe3KOro JeUInuTa Chi-
PBEBBIX PECYPCOB B 3HAYUTEILHOU CTEIeHU caabCuPUIIMPOBaH, TTOCKOJIbKY He
KOHTPOJIMPYETCS] HAM30pHBIMU OpraHamu. 3asiBjeHHbIe B Mpoaaxe yepe3 MHTep-
HET-CeTU MPOMYKThI C SKAMCTEPOHOM HE COOTBETCTBYIOT CTaHAapTaM KauyecTBa U
0e30MacHOCTH, a TakxKe MapKMpoBKaMm Ha 3THKeTKax (28, 29), B OCHOBHO 3TO
BKCTpaKT M3 1uaHoTuca mnaytuHucroro (Cyanotis arachnoidea C.B. Clarke) u3
CTpaH A3uM, 3amlpellieHHbIH K MpoAaxe M3-3a COACpPKaHUS TOKCUYECKHX Be-
1LIECTB, B YACTHOCTH KaHILIEPOT€HHOU apucTonoxueBoit kuciaotsl (30, 31).

BbicoKOOUMILIEHHBIN BbIIEAEHHBIN 3KAUCTEPOH CIMIIKOM aopor. Ctou-
MocThb 10 Mr skaucrepoHa 93 % 4MCTOTHI Y TAKOM M3BECTHOM INIOOAIBLHOM KOM-
naHuu, Kak «Sigma-Aldritch» (CIIA) (32), Ha 15 mag 2022 rogma cocrtasisiia
40 TeIC. pYO., a Ha 8 deBpansa 2023 roga — 52 ThIC. pyo., wiu 4-5 miapa pyo. 3a
1 KT, TTI03TOMY Ha TIpaKTHKe IIpemjiararoTcs cypporathl. [IpoBemeHHBIN aHAINU3
oKasajl, YTO BMECTO yKa3zaHHBIX Ha aTukeTke 100-500 mr skaucTtepoHa B Ipe-
naparax akruuyecku B cpeaHem coaepxurcst B 700 pa3 meHbiie — 0,09-4,2 mr Ha
omny Karcyiny (wm 0,38 % umcroThl), pa3opoc cpeau 9 mpemapaToB COCTaBUII
0,017-0,75 %. DT0 abCOMIOTHO HE COOTBETCTBYET 3asIBJICHHBIM ITOKa3aTeIsIM KOH-
ueHTpauuu 20E 95-99 % uuctotsl (30). B utose 2021 roga omy6,1MKOBaHbI HOBBIE
JaHHbIe: U3 16 M3y4eHHBIX CIIOPTUBHBIX H00aBOK, 3akyrieHHbIX B CIIA, Ka-
Hage, BemukoOpuranum, Poccum, Kurtae, Tombko 5 copepxXaiu SKIUCTEPOH,
nputoM B MusepHoM koaudectse (ot 0,00005 mo 0,15 %). B 11 mpyrux npemapa-
Tax 3KAUCTEPOH He obHapyxkeH (31). DKAUCTEpOH HE CUHTE3UPYETCs B Opra-
HU3ME MJICKOITMTAIOIINX U HEe MOXET OBITh CHMHTE3MPOBAaH MCKYCCTBEHHO B TIPO-
MBIIIJIEHHBIX MaciITabax (XMMUYECKUM, MUKPOOMOJOTMUECKUM CIIOCODaMU WU
B KYJIbTYpe KJIETOK M TKaHeil), MO3TOMY ero moJjiy4yaloT MCKIIOYMTEIbHO 13 pac-
TEHWI, YMUCTIO KOTOPBIX HAa MPaKTUKE CUIIBHO orpaHuyeHo (9, 33).

LleHHOCTH TOTO WMJIM MHOIO MOTeHUMalbHOro ucrouHuka 20E ompene-
JISIETCSA €TO YHUKAJTbHOCTBIO, KOTOpas CKIIaIbIBACTCS M3 TAKMX ITOKa3aTenelt, Kak
KOHIIEHTpAIIMs 3KIMCTepOHa B OMoMacce, TOCTYITHOCTh, OMOJIOrnYecKast aKTHB-
HOCTb, lieJIeBOE MpeaHa3HayeHUe, IKOHOMHUYecKas liejiecooopa3dHocTb. Oue-
BUIHO, YTO ITPOMBIILICHHBIN MHTEPEC MPEICTABISIOT T€ BUIbI, KOTOPBIE XapaK-
TEPU3YIOTCS TTOBBIIIEHHBIM COAECPXKaHUEM LIeJIEBbIX BEIIECTB, BHICOKOM MTPOIYK-
TUBHOCTbIO, OTCYTCTBMEM TOKCUYHBIX MPUMeECEi, YCTOMUYMBOCTbIO U CITIOCOOHO-
CTBIO K MHTPOAYKIINM, a TAaKXKe K JOJTOJICTHEMY TTPOM3PACTAHNIO B YCIOBUSX ar-
polieHo3a (33).

KotoueBble TpeOOBaHUS, KOTOPBIC MPEIBIBISIOTCS MEXIyHAPOIHBIMH
BKCIIepTaMU M CIIeIMATUCTaMU K MCTOYHHMKAM TPOMBIIIJIEHHOTO IOJYyIeHUS
akaucrepoHa (9), ciemyooliye: pacTeHUe NOJDKHO HakaIuimBaTh He MeHee 0,5 %
20E, uMeTh TTpOCTOM 3KAMCTEPOUIHBIN Mpoduib, Tae He MeHee 95-97 % npuxo-
JIWTCS Ha 1IeJIEBOM BBICOKOAKTUBHBIN KOMIIOHEHT SKIUCTEPOH (B Maeasie MOJIHOe
OTCYTCTBME MMHOPHBIX U CJIa00aKTHMBHBIX KOMIIOHEHTOB), PACTBOPUMBII B BOJIE
M CIMpTE, a OYMCTKA HEe JOJDKHA TPeOOBaTh JTOPOTOCTOSIIIIUX XpoMmaTorpadude-
CKUX METOHOB; BUI HOJIKEH OBITh HE PEIKWM WM HE OXpaHSIeMBIM, MaJiO 3aBU-
CEeThb OT KJIMMaTa U ObITb HEBOCIIPUUMYMBBIM K BPEAUTESIM M 00JIE3HSIM (TO €CTh
WHTPOAYLIMPYEMbIM W YCIIEIIHO KYJbTUBUPOBATHCSI B arpolieHO3€e); 3aTpaThl Ha
KyJbTUBUPOBAHUE, COOp ypokas M MepepaboTKy ChIPbsl JOJIKHBI ObITb MWUHM-
MaJIbHBIMU, a TMepBOoHaYalibHass 00paboTKa ypokas MPOMCXOAUTh HeNaJeKo OT
MecTa BhIpalIMBaHUs (TO €CTh 3TO MOJLKHBI OBITb MHOTOJIETHHE PACTEHMS B ar-
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POIIOIYJIAIINN, ¥ KOTOPBIX CBIPbEM CIIYKMT €XETOTHO OTYyXKAaeMmas Ham3eMHast
¢duToMacca).

ODKIUCTEPOH OTHOCUTCS K HU3KOTOKCUYHBIM BellleCTBaM, HE aKKyMYJIu-
pyeTcs M OBICTPO McUe3aeT M3 OpraHu3Ma mociie mpreMa BHYTPb. JIJ150 mrst akmm-
CTepOHA COCTaBJIsIeT 6,4 T/KT Ipy BHYTPUBEHHOM U 9,0 I/KI — IIpU MepOpaibHOM
BBeneHuu. [lomynepuon pacnana 20E B opraHu3me HeBeJIUMK U 3aBUCUT OT 03I,
croco0a BBeeHUsI, UHTEHCUBHOCTU a0COPOLIMY B KPOBb, BUJA MOAOMBITHBIX XM~
BOTHBIX. Hampumep, s oBell moJymepHro pacrana 3KAucTepoHa paeH 0,2 4
Mpu BHYTpUBEHHBIM, 0,4 4 — mpu nepopajibHOM U 2,0 4 — TIpU BHYTPUMBIIIIEY-
HOM BBeIcHUM. BblieneHue W3 opraHu3Ma OCYIIECTBISETCSI 4epe3 MevyeHb U
KeJTYb B KUIIEYHUK M MOYY. Y KPBIC C BBICOKOM CKOPOCTBIO OOMEHa BEIeCTB
IIpY BHYTPUBEHHOM BBEIEHUU TEPHO MOJIYBBIBOIA COCTABIISLT 8 MUH. Y 4eno-
BeKa MUK CoAepKaHMS IKAMCTEPOHA B IIa3Me KPOBM IIPU Pa30BbIX 103MPOBKAX
350-1400 Mr HacTymaeT uyepe3 2-4 4, MOCJie Yero ero KoJn4eCcTBO HaYMHaeT pe3Ko
CHUXaThCsl, U yepe3 1 cyt ocratorcst Tonbko cienabl 20E (9, 34).

B 2020 romy 6e30macHOCTb OUUILEHHOTO 10 (hapMalleBTUYECKON YMCTOThI
skaucrepoHa (20-ruapoKCUIKAN30H > 97 %), MOIydeHHOIO U3 JieB3eu cadopo-
BUIHOI, OBUIa MCCeIOBaHA Ha TPBI3yHaX M AOMAIIHMX cobakax. IlpmMmeHsm
BBICOKME H03UpoBKU (mo 1000 Mr/Kr execyTouyHo) B TeueHme 180 CyT mjisT KpbIC
u 270 cyt png cobak. Ilpemapat mpu nepopaibHOM BBEASCHUM IPOJEMOHCTPU-
poBaJl XOpowUii Mpoduabr 6e30MaCHOCTU MPU OTCYTCTBUM HAOII0JaeMbIX IO-
60uyHBIX 3 dekToB. MccnenoBanusl Ha TEHOTOKCMYHOCTS in vitro 1 in vivo ObIn
oTpuuaTelbHbIMU Ipu Ao3ax 1,0-1,5 r/Kr mist Kpeic U cobak B TeueHue 28 CyT.
Kommnekc tectoB Safety Pharmacology (moBeneHue kuBoTHbIX, IITHC, pyHK-
uus apixanusi, Tect hERG u cepaeyHas TejaeMeTpusi) He BbISIBUJI OTKJIOHEHU
(10). 3atem B 2021 romy mociie 3aBeplleHUs KIMHUYECKUX UCTBbITAHUI Tpernapar
obu1 3apeructpupoBaH B CIIIA B kayecTBe (hapMalleBTUYECKOTO MO KOMMEpUe-
ckuMm HasaHuem BIO101 ot amepukaHo-(dpaHiy3ckoii koMnaHuu «Biophytis»
(unentuduxkarop NCT03452488) mnnst ycuiaeHUs pocta MbIIIL U MHTMOUpoOBa-
HUs MpoTeosn3a (MPOTUB YCKOPEHHOTO pacrafga Oejka, IMpU MBIIIEYHOM cla-
00CTH, CAPKOTIEHUHU MOXWIbIX JIOJIEH, AbIXaTeIbHON HEAOCTATOUHOCTH IPYAHBIX
Mbi) (9, 35).

OpHako Mpu MCIOJIb30BAaHUM HEOUMIICHHBIX dKCTPAKTOB U3 PACTEHMH,
HaKaIuIMBAIOIIMX 9KIMCTEPOH, HY>KHO YUUTBIBATh, YTO TOJHKO B OTHOLIEHUU HE-
KOTOPBIX U3 HUX JOKa3aHa 0e30MacHOCTh, HAIIpUMep Wist Rhaponticum carthamo-
ides (Willd.) 1ljin u Serratula coronata L. BoAbIIMHCTBO APYTUX BUJOB TOKCUUHBI
B pa3HOM CTEeTIeHMW MO MPWYMHE HAKOIUICHWS B UX OpPTraHaX WHBIX XUMHUIECKUX
BemrecTB. COrTacHO MaHHBIM JIMTEPATYPHI, K CHJIBHO STIOBUTHIM PaCTeHUSM, CUH-
TEe3UPYIOLLUM 3KAUCTEPOH, OTHOCSITCS BUIbl Mopo3Huka (Helleborus purpurascens
Waldst. & Kit., H. caucasicus A.Braun, H. niger L.), BopoHbero rnasa (Paris quad-
rifolia L., P. polyphylla Sm., P. incomplete M.Bieb.), npeactaButenu poaa Vitex
(V. canescens Kurz, V. scabra Wall. ex Schauer, V. cymose Bert. ex Spreng.), Trcca
(Taxus baccata Thunb, T. cuspidate Siebold & Zucc), a Tak:ke KOKKYJIIOC CU3bII
Diploclisia glaucescens (Blume) Diels, n1yHOCEMSIHHUK naypckuii Menispermum
dauricum DC., unomes nerectkoBasi Ipomoea petaloidea Choisy 1 BbIOHOK Myp-
nypHblii 1. hederacea Jacq. MeHee TOKCUYHBI TPEACTaBUTEIN MANOPOTHUKOOO-
pasubix Pteridium aquilinum (L.) Kuhn, Polypodium vulgare L., P. lepidopteris
(Langsd. & Fisch.) Mart., BunoB cmoiieBKU Silene L., Opa3sniIbCKOTO >XEHbILICHS
Pfaffia paniculata (Mart.) Kuntze, P. glomerata (Spreng.) Pedersen, P. iresinoides
Spreng., unanotuca Cyanotis arachnoidea C.B. Clarke, C. vaga (Lour.) Schult. &
Schult. f. OTHOCUTEIBbHOII TOKCUYHOCTHIO XapaKTEPU3YIOTCSI BUIbI COJIOMOIIBETA
(Achyranthes bidentata Blume, A. aspera L.), npeaCcTaBUTENMN JIECHBIX IPUOOB —
cBUHyLIKa Tosctas Paxillus atrotomentosa (Batsch) u monzemHas Tapinella panu-
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oides (Batsch) E.-J. Gilbert u xutaiickuii TpyroBuk Polyporus umbellatus (Pers.)
Fr. (36, 37).

Pactenusi, KoTopele B HACTOSIIEE BpeMs pacCMaTpMBAIOTCS B CTpaHax
EBporTbl Kak JIydiliie MCTOYHUKM SKAMCTEPOHA WM 3aCIy’KMBAIOT BHUMAaHUS TSI
MacITabHOro MPOU3BOACTBA CYOCTaHLIMI B JOCTATOYHBIX KOJUYECTBAxX U IO pa-
3yMHOM 1IeHe, — 3TO BUAbBI U3 poaoB Achyranthes (COTOMOLIBET U3 ceM. Amar-
anthaceae), Cyanotis (umanotuc u3 ceM. Commelinaceae), Pfaffia (cyma u3 cem.
Amaranthaceae), Leuzea/Stemmacantha/Rhaponticum (parlOHTUKYM, WJIA JieB3esl,
U3 ceM. Asteracea), Serratula (cepnyxa us cem. Asteraceae) (9). CoriacHo maH-
HBIM, IIPEICTABICHHBIM B Psiie aHAIUTHYECKUX 0030poB (6, 8, 10), cpenu yka-
3aHHBIX TPYII PAcTeHWM IJIST TIOMYYSHMST SKIUCTEPOH-COMEPXKAIINX COCTAaBOB
(hapmalleBTMIUECKOTO KauyecTBa B TEPBYIO oUepedb MOAXOASAT Ham3eMHBIC W TTOMI-
3eMHbIe YyacTu JieB3eu cadaopoBuaHoit (R. carthamoides).

Hpyrue npeactaBUuTed MUPOBOI (PJIOphI ¢ aIanTOreHHbIMU CBOWCTBAMU
M OTHOCUTEJILHO BBICOKMM cojepxXaHueM skauctepoHa — Cyanotis arachnoidea
C.B. Clarke, Cyanotis vaga (Lour.) Schult. & Schult. f., Achyranthes aspera L.,
Cyathula capitata Moq., Pfaffia paniculata (Mart.) Kuntze, Pfaffia glomerata
(Spreng.) Pedersen — oduuManibHO He pa3pelleHbl MU He MOTYT IpOoAaBaThCs B
Ka4yecTBe THINEeBLIX MJIM KOPMOBBIX JO0ABOK M3-3a CONEPKaHMS 3alpellleHHBIX
BEIIECTB, TOKCUYHOCTU M TeHOTOKCMYHOCTH (36). [1pu cpaBHEHNN 3G HEKTUBHO-
CTU OMOJIOTUYECKM aKTUBHBIX COEAUHEHUI M3 KOMMEPUYECKM MOCTYITHBIX pacTe-
HUIi-aIanTOTeHOB — XEHbIIeHs 00bIKHOBeHHOTO Panax ginseng C.A.Mey, Maku
nepyaHckoil Lepidium meyenii Walp., neB3en cadaopoBugHoit Rhaponticum
carthamoides (Willd.) Iljin, aneyrepokokka Komwouero FEleutherococcus senticosus
(Rupr. & Maxim.) Maxim. HauOOJIbILIMI MOTEHLIMAJ ISl PACILIMPEHHOTO UCITOJIb-
30BaHMs Ha MPAKTUKe uMen R. carthamoides (6).

Hexkotopeie npyrue mnpeactaButeaud poaa Rhaponticum, WCTOPUYECKU
TPOMCXOMSIIINE U3 CYyOaTbITMIACKON 30HbI, TAKXKE CUHTE3UPYIOT SKAUCTEPOH U €ro
aHanoru. Hanpumep, Rhaponticum uniflorum DC. BcTtpeuaetca B Cubupu, Kurae
1 Monronuu, Rhaponticum scariosum (Lam.) — B Anbnax B Espone (2, 38, 39).
OmHako MoAOOHBIE TIEPCIIEKTUBHBIE BUABI €€ TOJBKO M3Yy4aloTcs Ha MpuMepe
€IMHUYHBIX 9K3EMIUISIPOB M HE OTHOCSITCS K KyJbTypaM, KOTOpbIE BO3JE/IbIBA-
I0TCSI B MOJIEBBIX ycaoBusix (40, 41).

Kak moazemMHble yacTW JieB3eM C KOPHEBMIIIAMHU, TaK M Haa3eMHBIE, a
MMEHHO JIMCThSI BEreTaTUBHBIX (PO3ETOYHBIX) IT0OETOB pa3pellieHO UCI0Ib30BaTh
B cocTaBe (papMmperiapatoB W MUILIEBBLIX 100aBOK Jyisi yejaoBeka (42), a Takxke
(utobuoTHKOB 1151 XKUBOTHBIX (35). HopMupyemMbIM J€MCTBYIOLIMM BELIECTBOM
U B JINCTBSIX, M B KOPHIX CIyKUT 3kaucTepoH — 0,1 %, wom 1000 Mr/kT, B pac-
yete Ha cyxoe BeuwlecTBo (3, 4). Ilo pedyabTaTaM CpaBHUTEJIbHBIX UCIBITAHUNI
9KCTPAKTOB M3 KOpHEW M JMCTheB (BbITsDKKa 1:10), mpoBeaeHHBbIX B MHCTUTYTE
Moasra uenoBeka uMm. H.I1. BexrepeBoit PAH (r. Cankr-IletepOypr), TUCTbSI po-
3€TOYHBIX TTOOETOB JIEB3€U MMEJIM MHOTOKPATHOE TIPEMMYIIECTBO Tepel Moa3eM-
HBIMM OpraHaMM IO KOMIUIEKCHOM aKTMBHOCTM — 66 OayioB mpotuB 16 (43).
AHaJIOTUUHbIE pe3yJbTaTbl U3JIOXKEHbI B COBMECTHON paboTe OpUTAHCKUX U aB-
CTPUMCKUX yuyeHbIX (44).

DKIUCTepOH MOCIe GMOCHHTE3a B KOPHSIX WIIM JIMCTBSIX TIepepactpenes-
€TCS M KOHIICHTPUPYETCS B MOJIOIBIX M Pa3BUBAIOIINXCS OpTaHaX M TKaHsX (pac-
TYLIME JIUCThS, allMKaIbHbIE YACTH, MIOYKU U ceMeHa). JIUCThbsSl BereTaTMBHbBIX MO-
0eroB R. carthamoides 0 CpaBHEHUIO ¢ KOPHSMM, KaK IPaBWJIO, 3HAYUTEIbHO
Goraue skaMcTepoHoM (comepxkanue oosrdHO oT 0,25 1o 0,5-0,7 %) (6, 36), npu
3TOM OHHM €XEroJHO OTPaCTalOT, MPEICTaBJIsIsI CO00l BO30OHOBISIEMOE PACTH-
TeJbHOE CHIphe. 3aBEepIIMBIINME BETeTAIlMI0 MHOTOJIETHUE KOPHU BBITIONHSIOT
MpexXIe BCETO SKOPHYIO (GYHKIIUIO B TIOUBE, ITOSTOMY HU3KOE COMepKaHNE SKIN-
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CTE€pOHA B 3arOTaBJIMBAEMbIX OCEHbIO KOPHSX JieB3eU 00bsicHUMO. CorjiacHO 1y0-
nmkauusaM u3 pasHeix ctpaH (CCCP, Yexust, Y30ekucran, ®panius, ABcTpus),
peasibHbIi BhIXOA dKaucTepoHa u3 30-50-65 Kr cyxux KOpHEH C KOpHEBMILAMU
neB3en caduiopoBunHoii cocrapistn 0,013 % (45); 0,0153 % (46); 0,03 % (44);
0,036 % (47); 0,05 % (48); 0,075 % (49); 0,101 % (50).

BaxxHo mogyepKHyTh, UTO B MPOLIECCE XPAHEHUST U MepepabOTKU pacTu-
TEJBLHOIO ChIPhSI, 3arPsI3BHEHHOI0 MUKPOOPraHU3MaMu, B YaCTHOCTU TOA3EMHBIX
opraHoB R. carthamoides, 3KIUCTEpPOH MOXKeET OBICTpO paspymatbes (9, 51).
Hanpumep, B nopoiikoodbpa3Hoii CyOCTaHLIMM M3 KOPHEH C KOpPHEBUILAMU
R. carthamoides, 3aKyrieHHOI B anTEYHOM CETU TpeX KPYIHBIX ropoaoB Poccuu
U M3YyYEHHOM B Hay4yHOl J1abopaTopuu, 3KAUCTEpOH He oOHapyxwiu (52). Bbl-
SIBJIEHHBIN (DaKT COOTBETCTBYET MH(MOpPMaLIMU, ONyOJMKOBAHHONW paHee Jiabopa-
Topuel aHanuTUYeckoi XuMMHU (MOCKOBCKUII TOCymapCTBEHHBI YHUBEPCUTET
uM. M.B. JlomoHOCOBa), O TOM, YTO coAepXaHME SKIUCTEpPOHA B TabjeTKax
Jlezeu-I1 (mopomok KopHeBulll ¢ KopHsmu JeBzen, OO0 «Ilapadapm», Poc-
cust) 6bu10 cnegoBbiM (0,040 mr/Tabaerka) (53).

Kpome Toro, B pe3ynbrare MCITOIL30BAHUS TOA3EMHBIX YacTell IIaHTa-
IMST TIEpecTaeT CYIIeCTBOBATh, 3arOTOBJICHHOE TaKMM OOpa3oM JIEKapCTBEHHOE
CBIpBbE XapaKTepU3yeTcss HU3KUM KaueCTBOM U OBICTPO TepsieT SKANCTEPOH B TIPO-
liecce XpaHeHUsl, a caM TEeXHOJOTUYECKUN MPOoLecC S3KOHOMUYECKHU HEBBITOIEH
MPOU3BOIUTEIIO U3-3a BBICOKON cebecTouMocTu. CienoBareibHO, OoJiee mep-
CMEKTUBEH COOp €XEeroJaHo oTpacTallieil Haa3eMHou ¢utomacchl R. carthamo-
ides ¢ BBICOKMM coliepXXKaHWEM dKIVWCTEPOHa,

JeiACTBUTEIbHO, B 3THOrpapUUeCcKMX IEepBOMCTOYHMKAX MO ANTalCKO-
CasHCKO# TOPHOM O0JAaCTH YKa3bIBACTCS, YTO MECTHBIE OXOTHUKU M BOXIU M3-
BecTHbIX TieMeH (LI313H-xaH) UCcnoap30Baid MapajoBylO TpaBy B BUAE MOPOIIKA
U3 JIMCTHEB JIEB3eU, HO He U3 KOpHel ¢ KopHeBullamu (54). ITpakTtuueckue cBe-
JIEHUs TIPO OCOOEHHOCTU MpUMeHeHUs1 R. carthamoides 3THUYECKUMU TpynIiamMu
13 MaJIOM3BECTHBIX MU HEU3YYeHHbIX obsacteit LleHTpanbHO A3uUM, Mpexkae BCEro
u3 CeBepo-3anagHoil MoHrosuu, ObUTH 3a(UKCUPOBAHbI PYCCKUM ITyTellIeCTBEH-
HukoM u stHorpadom I'.H. INoranunbeim B 1876-1870 romax B Xxoae 3KCHEIULINIA,
opraHm3oBaHHbIX MImmiepaTtopckuM Pycckum reorpadmyeckum OOILIECTBOM.

YTBepXKIeHNE, 9TO Mapaibl (TOpHBIE OJIEHM) BEIKAITBIBAIOT M3-TION CHETa
KOpHU R. carthamoides v TUTAIOTCSI UMW B MEPUOJ I'OHA, HE COOTBETCTBYET JIeii-
CTBHUTENBHOCTH. [lpM MpoBeoeHUM CIIeUAIbHBIX HUccliefoBaHui yuyeHbIMH CH-
oupckoro otaeseHus: PACXH 0Ob110 ycTaHOBJEHO, YTO MapaJibl MOEAAIT XOJIO-
JIOCTOKUE PO3ETOUHbBIC JUCTbsI, KOTOPbIE OCTAIOTCS 3€JCHBIMM MOJ PAHO BbIMNa-
JaloluM B ropax cHeroM (55). Bce mHble mpencTtaBuTeNM XKMBOTHOTO MMpa Ha
BBICOKOTOPHBIX MacTOMIlax (JIollaad, KOPOBbl, OBLIbI, OJIEHU) TakXkKe IMOedaloT
JIUCTBS JIEB3€U, HO HE KOPHU, M MHOTJA OOPBIBAIOT COIIBETHS.

K coxaneHuto, obOlenpuHSITbIE TEXHOJIOTMU U U3yyeHue R. carthamoides
B Poccuu u 3a pybexkoM He CBSI3aHBI ¢ KAYE€CTBOM ITOJIy4aeMOTO JIEKAPCTBEHHOTO
cbIpbs. B omyOiMKOBaHHBIX paHee MOHOrpadusIX aBTOpPLI HE McCClieIoBaaiu OMo-
CMHTE3 W HaKOIUIeHWE 3KIMCTEpOHAa W €ro aHajioros ((pUTOIKIUCTEPOUAOB) B
pacTUTENLHOM TPOAYKLUMM W TeM Oosiee B ycaoBUsX arpononyiasuuid (55-57).
Eiwie onmHa mpobyiema 3akjiroyaeTcsi B TOM, YTO, HECMOTpsI Ha TMOUTU BEKOBYIO
HUCTOPUIO KYJIbTUBUPOBaHUS (TiepBble ToceBbl R. carthamoides B CCCP patupy-
1otcsa 1926 rogom), He ymaeTcsl OOSCICUYMTh JUIMTEIBHYIO XO3SIMCTBEHHYIO 3KC-
myatauvio Buna. Ecay Ha cyOanbmuiickKMx Jiyrax oHToreHe3 R. carthamoides
mmtes ot 50-60 no 75-120 u 6ouee jet (55, 58), To B KyJIbType OH COKPALLAETCS
o0 5-6 JeT, a UINTEJIbHOCTh XO3SIiICTBEHHOI'O MCIOJIb30BaHUSI OOBIYHO HE IIpe-
Beiaet 3-4 net (33).

B HacTtosiieit pabote BrepBble peaqn30BaHa ajbTepHATUBHAS TEXHOJIO-
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TUs TOJIYIeHUS DKINCTEPOH-coMepXKalieil CyOCTaHIIMKM M3 JIUCThEB PO3ETOUHBIX
noberos JieB3eu cadaopoBugHoit R. carthamoides. Tlpennaraemasi TEXHOJOTUS
MpocTa M MaciuTabupyema B YCIOBUSX arporonynsunit EBpomneiickoro Cesepa u
VIOBJICTBOPSIET KITIOUEBBEIM TPeOOBAHUSAM, KOTOPBIE TIPEHBSIBISIOTCS MEXITyHa-
POIHBIMU IKCIEPTaMU M COEUUATUCTAMU K MCTOYHUKAM MPOMBIILIEHHOIO MOo-
JIydeHUs 3KAUCTepoHa. B yacTHocTH, BUa MoxeT miuTenabHo (1o 30 aeT u Goee)
U YCHEIIHO KYyJbTUBUPOBATLCS Oe3 IepeceBa B arpoleHO3€ B YCJIOBMSIX XOJIOA-
HOTO M TPOXJIAZHOIO KJIMMAaTa ¢ MOBBILIEHHO! BIaXXHOCTbIO, HEBOCIIPUUMYHUB K
00JIe3HSIM U BPEIUTENISIM, CIIYKUT UCTOYHUKOM €XKEeTOTHO BO30OHOBISIEMOTO JIe-
KapCTBEHHOTO CBIPbS; B PACTUTEIILHOM ChIPh€ HAKAIUIMBAETCS OOJIBIIOE KOTMIe-
ctBo akaucrepona (0,4-0,6 %), celpbe MMeeT MPOCTON SKAMCTEPOMIHBIN TIPO-
¢uib, Toe 6omee 97 % NPUXOAUTCI Ha SKIMCTEPOH; CYOCTAHLIMS YIOBJIETBOPSIET
BCEM HOPMAaTUBHBLIM TPEeOOBAHUSIM HAA30PHBIX OPraHOB.

Hameit nenblo 6bUI0 MpoaHAIUM3UPOBaTh 32-JE€THUI OMBIT KYJbTUBUPO-
BaHUS JIeB3eU cadIOPOBUIHON B YCAOBUSX IPOMBIIUIEHHO 3KCILTyaTUPyeMOM
TUTAHTAllMK, PacIIOIOXKeHHOM Ha eBpPOIeiicKOM ceBepo-BocToke Poccuu (ApxaH-
reJbcKasi 00J1.), BBISIBUTh MOTEHIIMAJ TOJTONETHS 1 TIPOAYKTUBHOCTH arpoITOITy-
nssuuu Rhaponticum carthamoides 10 BO3pacTHBIM IepUOJaM, U3YUYUTh 3aKOHO-
MEpHOCTE HaKOIUIEHUS SKANCTEpPOHA B €XETrogHO OTYYXKIAeMOW Hama3eMHOM
(utomacce, a Takxke OLIEHUTh KaueCTBO IMOIYy4aeMOIo pacTUTEIbHOIO ChIpbsl MO
ColepKaHUIO0 HOPMUPYEMbBIX BEILIECTB.

Memoduxa. ViccnenoBaHMsl BHIMOMHSUIM HA I0T0-BOCTOKE APXaHTebCKOI
objacT, B moa3oHe cpenHei Taiirm (Kotmacckuii p-H; 61°20” c.ur., 47° B.4.) B
arpononyasiuuu R. carthamoides (eAUHBINA y4acTOK TjIolaabio 1 ra) B mepuon c
1989 nmo 2022 ronbl. ArpononyysiliMio CEMEHHOIO MPOUCXOXACHUS 3aJT0XUIU B
1989 romy. CemeHna 0wl moaydeHbl M3 boranmueckoro cama Komu HIL YpO
PAH (r. CreikTeiBKap). McxogHoe TIpoucXoXaeHue ceMsiH — ajTaiickast Ipupo/i-
Hasl MOIYJISILIUS; ePBUYHBIA c60p oT 1956 roga, 3atem tam xe (UMb Komu HII)
OBLTA BHITIOJIHEHBI 3-4 penpOAyKIINY ¢ MHINBUAYATbHBEIM OTOOPOM M TIEPECEBOM.

[TpeniiectBeHHMKAMU B CEBOOOOPOTE ObLIM KapTodesab, OAHOJETHUE U
3epHOBbIE KyJbTyphl. IIpennoceBHas o6paboTKa MOYBbI BKJIIOYajga BCIALLKY Ha
riryouHy 22-25 cM, IUCKOBaHUE U 2-KPATHYIO KYJIbTUBALUIO C OJHOBPEMEHHBIM
6opoHoBaHueM. Ilepem MOCeBOM yyacTOK MPUKATBIBAIM TJIAAKUMM BOJOHAJIVB-
HbIMU KaTKamu. TToceB moa3zuMHuii, ¢ mexaypsabsimu 70 cM, B cepelrHe OK-
TSIOps TOcJIe Hayajla OCEHHUX 3aMOPO3KOB, YEThIPEXPSIAHON OBOIIIHON HaBeCHOM
cestikoit COH-2,8A (Poccust). Hopma BbiceBa ceMsiH — 2,7 Kr/ra mpu IoJieBoit
Bcxoxxectu 58 %, mmpuHa Mexaypsinuit — 70 cM, ryOvHa 3amenKku ceMsiH — 2-
3 cM. Munepanbhbie ynoopenust (NPKeo-90) BHOCUIIU TONBKO B MEPBbIE TPU rofa
TocJjie ToceBa; Aajiee KyJbTUBUPOBAaHME B OHTOT€HE3€ BEJIM IO TUIY OpraHudve-
CKOTO 3eMJieleNis: MUHepaJbHbIe M OpraHWYeCKHe YIOOpPEeHUs, XUMHYEeCKUE
CpelICTBa 3alIUTHI M PETYIATOPBI POCTa PACTECHMI, TepOUIUABLI He TTPUMEHSIIN.
OTuyXIeHIE ypoXKasl pO3eTOYHBIX JINCTheB U3 HAM3EMHOM YaCTH TTPOBOIMIIN €XKe-
TOJHO OJHOPA30BO B ¢ha3y OYTOHU3AIMU; YpoxKal ceMsiH codupaiu B a3y Ijio-
JOHOILIEHUSI.

Hnsa ompenelleHWsT KOMIUIEKCA arpOXMMUUYECKUX ITOKa3aTeei ITOUYBHI
y4yacTKa OTOMpaii U MCCIIeA0BaJIM 00pas3Lbl OOLIETTPUHITHIMU MeTogamu (PI'Y
«ArpoxumueHTp Kupopckuii», r. Kupos).

M3ydeHure BO3pacTHBIX COCTOSIHMI B OHTOI€He3e pacTeHUI 1 ero rmepuo-
JIW3aLMIO B XKU3HEHHOM LIMKJIE, TUIOTHOCTD MOMYJISIUUU (UMCIIO PACTEeHUI Ha eau-
HUIIE TIIOIIANN), BAJIOBYIO TTPOAYKIIMIO HAA3EMHBIX M MOA3EMHBIX OPraHOB, YpPO-
JKaWHOCTb ceMSH (C yuyeToM (hbaKTUYECKOM IUIOTHOCTH arpoleH03a) MPOBOAWIN
10 METOAMKAM, M3JIOKEHHBIM B ITyOJIMKAIlMU, TTOCBSIIICHHON MCCIIeTOBAaHUIO
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JIpyrux arporonyisuuii R. carthamoides B Toii Xe MecTHOcTU (59). Bo3pacTHbie
COCTOSTHHUSI YYUTHIBAIN TI0 TOMMHUPYIOIIEH TpyIme ocobeil. Boimensnu Bupru-
HWIBHBIN (TIpeTeHepaTUBHEIN), TeHEPATUBHBIN M TTOCTTEHEPATUBHEINA TIEPUOIBI
OHTOTeHe3a. B BUPTMHWILHEINA TIepHUO BHIICISIN CICAYIONIINE BO3PACTHBIE CO-
CTOSIHUSI: MPOPOCTKU (p), IOBEHWIbHbIC (j), UMMaTypHbIe (im) M B3pOCJIbIC Bere-
TaTUBHBIE pacTeHust (v), B reHepaTUBHOM — Mosoable (gl), cpeaHeBO3pacTHbIE
(g2) u crapble TeHepaTUBHbIE pacTeHus (g3), a TakkKe CyOCEHWIbHOE BO3pPaCcTHOE
cocrossHue (ss). KaneHmapHblii (aOCOJIOTHBIN) BO3pacT MOMYJSLUUNA OTCUUTHI-
BaJICSI CO BPEeMEHM TOSIBIIEHUS BCXOMOB. McXommnu M3 CIeAyIOIINX KPUTEPHUEB:
MOJIOIO€ TEHEPATUBHOE BO3PACTHOE COCTOSTHNE — (hOPMUPOBAHUE PEITPOTYKTHB-
HBIX TIOOETOB, cl1aboe TUIOAOHOIICHNE, OTCYTCTBUE MPOILIECCOB OTMUPAHUS KOP-
HEBWIIA;, B3pOCIOE TeHEePATUBHOE COCTOSTHME — OTHOCHUTEJBHBIM MaKCUMYyM pe-
MPOAYKTUBHBIX MOOErOB, BHICOKAsi MHTEHCMBHOCTh ITPOLIECCOB POCTA U TUIOAOHO-
IIEHUs, YPABHOBELIEHHOCTh MPOLIECCOB HOBOOOPA30BaHMSI U OTMUPAHMST; CTapoe
reHepaTUBHOE COCTOSIHME — PE3KOe CHUKEHME HOJIU PENPOIYKTUBHBIX MOOETOB,
oc1abJeHHBIN POCT, HEMOJHOLIEHHOCTh U NEPUOANMYHOCTD IJIONOHOIICHUS, TIpe-
obJlagaHue TPOIIECCOB OTMUPAHMS Ha BETBSIX KOpHEBUINA. B mocTreHepaTUBHBIN
IeproJ CyOCEHMIIBHOE BO3PACTHOE COCTOSTHME Pa3IMyajiv IO OTCYTCTBUIO TeHe-
PaTUBHBIX TTOOETOB Y OOJBIIMHCTBA 0CO0EH, Pe3KOMY CHIDKEHWIO KayecTBa IUIO-
JOHOIIEHNS M OCIabJIeHHON CITOCOOHOCTH K (hOPMUPOBAHUIO MTOYEK BO30OHOB-
JIEHWs, TApTUKYJISIY KopHeBuina (60).

B nporuecce deHonornyeckux HabMIOJEHUN €XKEerogHO OTMedald Cledy-
o1ue ¢dasbl: OTpacTaHue I1o0eroB, OyTOHM3AlLMI0, HAayajao L[BETEHHUS, MaCCOBOE
LIBETeHUE, TUIOAOHOIIEHUE, OTMUpPAHUE MOOEroB, MOKOM. JIMHAMUKY pocTa yuu-
THIBAJIA, MCXOAS W3 BBICOTHI HamboJee Pa3BUTBHIX MTOOETOB PaCTEHUSI, OT YPOBHS
ITOYBEI IO BEpXYIIKM IMOOeTa B BHITIPSIMIICHHOM Buie. LlImpuHy amcToBOi TUIa-
CTUHKHU U3MEPSIN B CaMOM IITMPOKOM MeCTe, PacIpsIMUB JIVCT.

BasioBy1o npoayKiuio MOMyJISILUIA YCTAaHABIMBAIM C YYETOM HAI3eMHON U
MTOA3eMHOM (DUTOMACCHI B CYXOM BUjIe, YMHOXKEHHOW Ha (haKTHMUECKYIO TUIOTHOCTD
arpolieHo3a B u3ydyaeMoM BoapacTe. I1IT0THOCTb ompenesyii ¢ MCIOJb30BaHUEM
METO/Ia YUYETHBIX IJIOIAN0K pa3Mepamu 60-80 M2, 3akiaabiBaeMbIX B 6-9 Toukax
o auaroHanu mojsa. CeMeHHOe TUIOJOHOIIEHNE OLIEHUBAIM METOIOM yJeTa BCeX
TJTIOMOHOCSIIMX COLIBETUI B Mpeesiax UCCIeyeMOro COO0IeCTBa, UCXOAS 13 Bbl-
X0/1a BBINOJHEHHBIX ceMstH (%) u macchl 1000 1. (r).

M3bsaTrue o0pas3ioB NpPOBOAWIM B ONTHMAaJbHbIe (ha3bl pa3BUTUSI pacTe-
HUii: Ham3eMHol ¢utoMacchl — B ¢ady OyroHuszauuu (I u Il nekaga uioHs),
KOPHEBMII — OCEHbIO MOCJIe 3aBepIlIeHNs] BereTaliuu (OKTSIOpb) WM paHHEH Bec-
HOI 10 Havaja Bereraiuu (ampeib). B HagzeMHoO# ¢duTOMAacce BbIACISIU MODP-
(dosormyeckn pasHOPOIHBIE OpPTaHBl — YKOPOUEHHEIC BET€TaTUBHBIC (pPO3ETOY-
Hble) U CTeOJieBble reHepaTUMBHbIE (PeNpOAYKTHMBHBIE) MOOEeru ¢ couseTueM. B
Kaxaou BbIOOpKe wucciaenoBaiu 275-300 BereTaTMBHBIX IMOOErOB, COAEPXKAIIMX
1100-1500 poseTouyHbIX TUCThEeB, U 10 30-35 reHepaTUBHLIX 1M06eroB. ITpoMBIIII-
JIEHHBI cO0Op paCTUTEIHLHOTO CHIPhSI OCYILECTBIISUIM B KOHIIE Masi—Havaje MIOHS,
B (pa3y OyTOHM3AIINM, KOTOpas XapaKTepU3yeTCcsT MaKCMMAaJIbHOM KOHIIEHTpalneit
JIEACTBYIOIIETO BelleCTBa (IKIMCTEPOHA) B PO3ETOUYHBIX JIMCThSIX BEreTaTMBHBIX
mo6eroB (cMech (PpaKLMii MOJIOABIX U B3POCHBIX JIMCTheB). PacTuTeIbHEIN MaTe-
puan (opraHbl, 3J€MEHTbl U (DpaKIMU) BHICYLLIMBAJIN MPU NEPEMEHHON TemIiepa-
Type oT 23-25 1m0 35-40 °C ¥ OTHOCHUTENBLHOM BIAXHOCTU Bo3ayxa 25-40 % B
COOTBETCTBUH C TIpaBUJIAMU IO 3arOTOBKE M CYIIKE JICKAPCTBEHHOTO CBIPHS.
OcraToyHasl BJaXKHOCTb BO3IYILIIHO-CYXOTO ChIPbsI, ONpeneaeHHAas: METOIOM YCKO-
pennoit cymku nipu 130 °C, cocraBmsuia 10-12 %. O6pa3ubl U3 BO3MYIITHO-CYXOTO
CHIPBST IJISI JAJTbHEHIIEeTO OMpeneieHrus] COmepXKaHUs TMEPBUYHBIX U BTOPUUHBIX
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MeTaboJIMTOB (DOPMUPOBAIM METOIOM KBapToBaHUs. /o aHaiu3a ux XpaHuau 3-
5 Mec B MOJIMATUJICHOBBIX MakeTax MpyM KOMHATHOM TeMIlepaType.

KonmyecTBeHHOE comepkaHMe SKINCTEPOHA B CYyXHMX 00Opasliax orpene-
JISLUTA METOJIOM 0OpallieHHO-(a30Bol BhICOKOA(M(MEKTUBHOMN KUAKOCTHON XpoMa-
torpadpun (OP-BIXKX) ¢ KoMITBIOTepHOI 00pabOTKOI JAHHBIX TI0 METOILY BHYT-
peHHero cTaHaapTa (3). AHaIU3bI BBIMOJHSUIM B JJa00paTOpun OMOXUMUU U OUO-
TexHoJ0TuM pacTteHuit (3a 1989-2000 roabl) u GMoxumMudecKoit Jaboparopuu bo-
tannueckoro caga (2001-2021 rogsr) MucTuTyTa 6monorun Komu HII YpO PAH
(Ub ®UL, r. CeikThiBKap). Mcronab3oBalu XUIKOCTHBIN MUKPOKOJIOHOUYHBIM
xpomatorpad MwunuxpoM-5 (konoHka 80%2 mM, copbeHT Nucleosil C18 ¢ paz-
MmepoM vactull 5 MkM) (OO0 «Menukant», Poccust). Da0eHT — pacTBOp alle-
TOHWTPWJIA, 3TAaHOJA B BOJE, MOOKNCICHHBIN YKCYCHOM KUCIOTOM B peXXUMe rpa-
IUEHTHOTO 3TIOMPOBAHUS KOMITOHEHTOB Ipu cKopoctr 100 mxi/mMuH, YD-ne-
TekTop (A = 242 HM). YUuUTHIBAIU CpedHUE 3HAUYeHUS 2 OMOJOTMYECKUX U 3
AHAJIUTUYECKUX MTOBTOPHOCTE! (% OT BO3AYIIHO-CYXOro BellecTBa). KauecTBeH-
HBIIl COCTaB OMpenessuIM M0 COOTHOIICHUIO AOJIEBOTO ydyacTusl Hambosee ak-
TUBHOIO coeanHeHus: akaucrepoHa (20E) k ciaboaktuBHOMY 3KIu30HYy (E) —
20E/E. Br1oTr mokazarenb momkeH OBITH > 20:1, YTO COOTBETCTBYET KaueCTBEH-
HoIt yncrote > 95 % (MM COOTHOIIEHUIO SKINCTEPOHA K MHBIM SKIUCTePONIaM
95:5) (9, 61).

XYMUYECKHe aHAJIM3bl CYXUX 00pa3loB Ha colepKaHWe MOTEHIMaJIbHO
ornacHbIX BeulecTB (Tsekenbie Metamnbsl Hg, Cd, As, Zn, Ni, Cu, Cr, xja0p- u
dbochopoprannueckue coenrHeHus, pagroHykauasl °Sr u 137Cs, Hutpatsl u
HUTPUTHI) BBITIOJHSUIM B COOTBETCTBUY C TIPUHSITBIMUA METONAMU MCCIeIOBAHUMA
B akKpeauToBaHHEIX yadboparopusx PI'BY «Arpoxumnentp Kwuposckuit» (T.
Kupos) (cM. caiit http://www.agrobiology.ru).

besonacHocTs R. carthamoides i BBISIBIEHHBIX NEUCTBYIOLIMX BEILECTB
OLIEHMBAJIM, MOJIb3YSACh CBEACHUSIMU O SIIOBUTBHIX PACTEHUSIX M JIEKAPCTBEHHBIX
CPEICTBAaX PaCTUTEIHFHOTO IMPOUCXOXKACHUS C HeXXeIaTeTbHBIMU TOOOYHBIMU 3~
(bexTamu, BKITIOYAsT pyKOBOACTBA 10 CUHTE3UPYEMBIM PACTCHUSIMUA TOKCHYECKUM
BeectBaM (37, 62, 63), Texuudeckuit permameHT TamMoxXeHHOro coto3a «O 6e3-
OIMACHOCTH TMHUILEBOM TTpoayKium» (42) n 063opsl A.C. Brown (64-68) mo Tokcmu-
HbIM pacTeHUSIM MUPOBO (pyIOpbI, OOHAPYKEHHBIM B MUILEBbIX 100aBKax. Ha3pa-
HMS YIIOMSIHYTHIX B CTaThe¢ POIOB M BHIOB PAaCTeHUI MPUBEICHBI IT0 MEXXIyHAPOI-
Hoi kimaccudukannu IPNI (International Plant Names Index) (69).

MareMaTtuyeckyio o0paboTKy AaHHBIX MPOBOAWIM CTAaHAAPTHBIMU METO-
JaMM BapUallMOHHON M KOPPEISIIIMOHHONW CTaTUCTMKU C TIOMOIIBIO MOIYJIS
Statistica B mporpamme Microsoft Excel 2016. Mcnonbp30oBaiy mapamMeTphl reHe-
paJbHOM (ITO pe3yjbTaTaM CITIOIIHOTO yJ4eTa) U BEIOOPOYHOIM COBOKYITHOCTH. st
WCKJTIOUEHUST CUCTEMATUYECKMX MOTPEITHOCTEN C KpaeBhIX YYaCTKOB arpolieHo3a
0o0pa3ipl He OTOMpaNI, IMTOBEPXHOCTHBIC CJIOM OTOMpaeMbIX MPo0 He aHAJIM3UPO-
BaJid; JaHHBIE 110 €AUHUYHBIM 3K3eMIUISIpaM, MO BUIY PE3KO OTIMYAIOIIUMCS OT
HOPMAJIBHBIX, TIpU 00pabOTKe HE YYUTHIBAIN; K OCTATOYHOMY MaTepHaly M TH-
MMMYHBIM 0COOSM TTPUMEHSITA METOH CITyJaifHOUM BBIOOPKUW. BEramcisiim cpemHue
3HAUEeHMSI TIOKa3aTesleil U cpeaHeKBaapaTUUHbie OTKIOHeHUs (MESD), koaddu-
uneHTsl Bapuauuu (Cv, %), aMIIIUTYIbl MMHUMAJIbHBIX U MaKCUMAaJbHBIX 3HA-
yeHuil (lim, min-max), ucxoast U3 oobeMa BBIOOPKU ocobeit u3 nonyasunu (N).

M3MeHYMBOCTh OILIEHWBAIU TI0 IIIKaJie, BHIpAKEHHON KO3(D(GUIIMEHTOM
Bapualuy U1 OMOJIOTMIeCKUX MCCIenoBanmii: < 7 % — odeHb HU3Kasl, 7-15 % —
Hu3Kas, 15-25 % — cpennss, 26-35 % — mnosbiieHHast, 36-50 % — BbIcOKasl,
> 50 % — ouenHb Bbicokasg (70). bbuiM NpoaHaIM3UPOBAHBI KOPPEISIIMOHHbBIE
CBSI3U MEXIy HaKOILIEHMEM 3KIUCTepoHa M (pUTOMacCcoi pacTeHuil 3a 32 ropa
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>KM3HU arporonyasuni. Ha KpuBBIX anmpoKCUMAIIMN SKCIIEPUMEHTAIbHBIX TaH-
HBIX TIpUBEIEHA COOTBETCTBYIOIIAS BEJIMUMHA WX TOCTOBEPHOCTH B BHUIE KO3(D-
dbunmenTa geTepMuHaLMK, WK KosdduunenTa annpokcuMauuu (R2) xak mno-
Kas3aTeJIsT CHITBI U HATIPaBJICHUST B3aMMOCBSI3U ABYX M3YIaeMBIX KOJTMIECTBEHHBIX
TepeMEHHBIX TPH JTOBEPUTEILHOM MHTepBaje 95 % (Ipu ypoBHE 3HAUMMOCTH
p = 0,05).

Pesyasbmamer. B 30He pacrnoyioxkeHMsT yyacTka peibed MeCTHOCTH c1abo-
BOJTHMCTBIM MOBBIIICHHBIN, MTOYBLI CyllecyaHble, IePHOBO-CPEIHENOA30IMCThIE,
cchopMUpPOBaHbl Ha JBYYJIEHHBIX OTJIOXeHUsX. BepxHuil ropuzoHT (0-28 cMm) —
yacTULBI Tecka, ¢ ryouHbsl 70-85 cM mpeobianaia cpeaHecyrJIMHUCTas (pak-
mmst. 1o KoMIUIeKCy arpoXMMHWYeCKNX IToKas3aTellei IouBa yJyacTKa OTHOCHIIACH
K BBICOKOOKYJBTYPEHHBIM MUHEPAIbHBIM (IMMOYBEHHBIE MPOOBI MCCIEeI0BATU 00-
wenpuHsThiMu MeTogamMu B OI'Y «Arpoxumuentp Kuposckuii», r. Kupos). Co-
JepKaHKe ryMyca B IIaXOTHOM cjioe — 3,6 %, opraHudeckoro Bewectsa — 3,1 %.
KucnorHocTh KopHeoOuTaemMoro ciiosg Obuta ontuMmaibHOi (pHKCI oOMeHHas
6,4-6,5; pH ruapomutimyeckast 0,7 Mr-sKks.), HACHIIIIEHHOCTh OCHOBAHUSMU BBI-
cokoit (12,4 mr-sks., i 93,5 %). [lo sneMeHTaM TMMTAaHUS O00ECIIEYEHHOCTH
dochopom Ob1a Beicokoit (P20s moaBuxHbiii — 31,2 Mr/100 r mouBsl), Ka-
nueM — cpeaHeir (K2O nmoasukubiii — 9,6 Mr/100 1); comepxanue Ca cocTaB-
nsuto 6,4, Mg — 1,0 mr-sks,/100 r.

Tepputopust BBITOTHEHUST UCCISTOBAHNI OTHOCHUTCS K ITOI30HE CpemHei
Taiiri U BXOAUT B cocTaB EBpomneiicko-3anagHo-Cubnupckoi TaexkHO-JIeCHOM O1o-
KJIMMaTHYeCKOi 00IacTh ¢ YMEPEHHO TPOXJIAAHBIM JIETOM M YMEPEHHO ITPOXJIai-
HOM 3MMOW, KOPOTKUM O€3MOPO3HBIM MEPHUOAOM, 3HAYUTEIbHONU 00JaYHOCThIO U
HEJOCTaTKOM COJIHEYHOI'O CBeTa B YJbTPadUOJETOBOM AMarna3oHe, M30bITOUYHBIM
yBIIaXXHEHWEM. 30HAJIbHBIA KOA(DGMUIIMEHT YBIAXKHEHUST (OTHOIIEHUE KOJMYeCTBA
0CagKOB K HMcrnapeHuno) 0am30k K 1,5. IIpogo/KuTeabHOCTh CBETJIOTO BpEeMEHU
CYTOK B Hayajyie orpactaHus R. carthamoides (1 nexaga mast) — 16-17 4, Bo BpeMst
useteHus (Bo II-I1T nekane utoHs) — 20 4. TTponoKUTEIBHOCTh BET€TallMOHHOTO
reprona coctaisia 165-186 cyr, 6eamoposHoro — 105 ¢yt (¢ aMIUIMTYIOM KOJe-
6anuit o rogaM 77-139 cyt). CpenHeromoBble CyMMbI Temiieparyp Beiie 15 °C
cocraBysuia 911 °C (54-57 cyr), 10 °C — 1577 °C (107-110 cyt), 5 °C — 1936 °C
(153 cyr). CpenHsas TeMreparypa camMoro Terioro mecsiua (uwoonst) — +17.4 °C,
camoro xojomgHoro (ssHBaps) — —14,3 °C. YCcTOMYMBEIM CHEXHBIA MOKPOB CO
cpemHeil BeICOTOM 52-58 cm mogBmnsuicss 11-16 HostOpst 1 coxpaHsuicst mo 17-19
anperns.

Temneparypa Ha rIyOMHe y3j1a KyLIEHWs] MHOTOJIETHUX TpaB AepKajlach
B mipenenax —1,5...-2,2 °C, B oTe/nbHbIE TIEPUOIBI OHA CHIXAnach a0 —3,5...—4,0 °C.
ITpu nepexome TeMmepaTypbl Bodayxa uepe3 +35 °C, KoTopblit Hactyman 29 am-
pessi, HaunHajJach BETeTAllsT MHOTOJIETHUX CEIIbCKOXO3SMCTBEHHBIX KYIBTYD.
OnHako BO3BpaThl XOJIOAOB C 3aMOPO3KaMU Ha MOBEPXHOCTH TMOUBHI (10 —3...—7 °C)
1 TTIOBTOPHOE BbIMaJeHUE CHEra 4acTo TOPMO3WIM POCT U Pa3BUTUE pAaCTEHUI 10
Hauana Il mekanmbl Mas. 3aMOpPO3KHM ITOJTHOCTBIO TIpeKpalllaJiCh CO BTOPOM je-
KaJbl WIOHSI UM BO30OHOBISIIMCH C Hayaja CeHTsI0ps. 3aBeplleHue Beretaluuu
HaOJTIOMAJIOCh B HavaJle OKTSIOpSI, YTO COBMAMAJIO C OCEHHUM TIePEXOIOM TEMIIe-
patypsl yepe3 +5 °C. 3a roa Beimagano 495-538 MM ocagkoB, B TOM YMCIIE 3a
TeTIbIi Tiepron 367-387 MM. 3anachkl IPOAYKTUBHOM BJIary B ciioe TouBbl 0-20 cMm
3a TeIUIblii mepuon coctaBisuid 37-44 mm, B cinoe 0-50 cM — 55-70 MM, yTO
JOCTAaTOYHO [JIST KW3HENESTeIbHOCTH OOJIBIIMHCTBA MHOTOJIETHUX KYIBTYD.
CpenHenekamgHas OTHOCHTENbHAST BIIAXKHOCTH BO3IyXa B THEBHOE BPEMS COCTaB-
msma 62-74 %, wWanbojee HM3KHMeE ITOKasaTeldd MPUXOMWINCH Ha TONyIeHHOE
BpeMst — 54-57 %. B oTnenbHBIE 3aCyIUIMBBIE IEPUOIBI BJIAXKHOCTh MOLJIA OITyC-
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KaTbCs 10 25-35 % u Huke.

ITapamMeTpbl pocTa U pa3BUTUSd MNOOETOB B OHTOTEHE3E.
JIeB3es cadiopoBuaHas (puc. 1) — MHoOroseTHee 3MMOCTOMKOE U XOJI0I0yCTOM-
YMBOE pacTeHUE, B3poCiblie 0coOu 00pa3yroT KycT BbicoToi 90-150 cm (uHoOrma
50-250 cm). Bua uHTpoayuupoBaH M3 BLICOKOTOPHOM 30HBI CyOAIbITUIACKOTO TO-
sica (mo 3000 M Ham y.M.) M ¢ Havyasa 1960-x TomoB BBeleH B IIPOM3BOICTBO Ha
EBponeiickom Ceepe (33).

Puc. 1. Ilpencrasureau pona Rhapon-
ticum, CUHTE3UpPYIOLIHE SKIUCTEPOH:
a — R. scariosum Lam. ¢ TeHepaTuB-
HbIMU noberamu (poro Adriano Bruna,
Asbriet, 2009; https://www.actaplanta-
rum.org/forum/viewtopic.php?t=13006);
6 — R. carthamoides (Willd.) Iliin
C PO3eTOYHBIMU JUCTbSIMU ((HOTO
H.I1. TumodeenBa; ApxaHreabckas
001., Kornacckuit p-H, Mmaii 2022
roja), B — XUMMUECKas CTPYKTypa
sxaucTtepona (71).

ITo xu3HeHHOIT hop-
Me R. carthamoides — Xpyn-
HOE TPaBSHUCTOE IOJypO3e-
TOUHOE MOJIMKAPITMYECKOE pac-
TEHUE C €XErOAHO OTMUPAIIINMHU ITOOEraMu IByX TUIIOB — BET€TATUBHBIX pO3e-
TOYHBIX U TeHEPATUBHBIX CTEOJIEBLIX C COLIBETUSIMU PA3HOM CTENIEHU pa3BUTOCTU.
Wmeer nBa TMma pa3MHOXEHUSI — CEMEHHOM M BereTaTUBHBIN (ki1oHamu). OH-
ToreHe3 R. carthamoides B yCoBUsIX Cy0anbnuicKuX JIyroB aiaurcst 50-75 ner, rue
CpedHUII OTHOCHUTEJbHBIN BoO3pacT ocobeir 25-35 net. 'eHepaTUBHBIN TNepUOL
npomoyzkaercss ¢ 6-9 1o 30-48 ymer. CeHWIIbHBIE 0COOM B IPUPOAHBIX LIEHO3aX
yalle BCEero OTCyTCTBYIOT (55, 72).

¢ Puc. 2. Pacrenus Rhaponticum car-
thamoides (Willd.) Iliin u3 arponomy-
JISIMH, KYJIbTHBUPYEMOW B YCJIOBUSAX
Esponeiickoro Cesepo-Bocroka: a —
ceMeHa, 6 — pacteHust 1-ro roma
KW3HU, B — DPACTeHMsI T€eHepaTHB-
Horo mnepuoma B a3y ILBETCHUS
(boro H.II. Tumodeena; ApxaH-
reabckast ob6n., Kormacckuii p-H,
nionb 2001 roma).

R,
40 41 42 43 44

KuzHenesTebHOCTb
| BUJA B YCJOBMSIX arporomny-
| siumu (puc. 2) 1o utoram 32
JIET HAOMIOAEHWIA MOXHO Obl-
JIO TIO/Ipa3Ne/uTh Ha IBa 3Ta-
na: hopMUPOBAHUE 1LIEHOIO-
myJasiuuu, ¢ 1-ro mo 5-i rox
KU3HU (Tab. 1); majnpHelilee yCTOMYMBOE MPOAYLIMPOBaHUE HAI3eMHON MacChl C
BBICOKMM OMOCHHTE30M 3KAMCTEepOHa (Tabi. 2).

B nepBbie 5 €T MPOUCXOAUIO UHTEHCMBHOE pa3BUTHE OcoOell Ha (hoHe
MHOTOKPaTHOI'O €XeroJHOoro HapactaHus ¢uroMacchl (cM. Taba. 1): mpopocTKu
B 1-11 TOO TIpOXOIWIN MMMATypHBIE W I0BEHUJIbHBIC BO3PACTHEIC COCTOSTHMSI, Ha
2- ToJ IOCTUTAJIM BUPTMHUIBLHOIO COCTOSIHUSI, KOTOPOE MPOAOJIKAIOCh U Ha 3-1
roJ >KWM3HM, a Ha 4-i roj HauMHaJICS Mepexo] B IeHepaTMBHBIA BO3pacT, KOTO-
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PBlil 3aKpeIUISUICS Ha 5-i1 KajeHmapHbIi roa. B manbHeliineM (6-32-i roabl) UH-
TEHCUBHBIN NpUpocCT mpekpainaicsd. Ocobr BCTynmaaiyd BO B3pOCIbIi reHepaTUuB-
HbIIA (6-8-i1 rombl), CTapblii reHepaTUBHBIN (9-12-1 rombl) U CyGCEHMIBHBINA BO3-
pact (13-32-1i ronibl), KOTOPbIEe pa3IMYaIUCh IO CIIOCOOHOCTU K TTPOIYLIMPOBAHUIO
CEMSIH, CTPOEHUIO 1 LIEJIOCTHOCTH KOPHEBUILI.

1. Cpennne mokaszarejm pa3BUTHS HAA3EMHBIX OPraHoB Y Rhaponticum carthamoides
(Willd.) Iliin u3 arpononyasiuuu, KyJibTHBHPYeMOii B yciaoBusix EBpomeiickoro
CeBepo-BocTtoka, B nepBbie 5 et oHTorene3a (ApxaHresibckasi o6j.. Kotiac-

CKUI p-H)
['on ¥ BO3pacT pacTeHUt
IMoka3zarenn 1990 1991 1992 | 1993 | 1994 N
p | ] | im im | \4 \4 gl |gl-g2
Yucno noberos, 1IT.:
BCETO 1,0 1,0 1,0 1,2 4,2 5,7 17,2 35,6 15-20
BEreTaTUBHBIX 1,0 1,0 1,0 2,8 3,8 5,1 16,0 31,1 15-20
TeHEPAaTUBHBIX 0,4 0,6 1,2 42 15-20
JIOOHOCSIIIAX 0,01 0,16 0,84 186-4233
BricoTa reHepaTUBHBIX TTOOETOB, CM 3-42 90,3 114,0 15-20
BricoTa BereTaTMBHBIX ITOOErOB, CM 1,5 17,4 21,1 63,7 58,3 75,0 89,8 15-20

IuprHa pO3ETOYHBIX JTUCTHEB, CM 0,6 3,0 5,0 12,0 14,0 14,5 17,5 22,5 15-20
Macca Haa3eMHOI yacTu:

BCEro, T 0,01 0,27 0,42 6,2 10,2 16,4 56,8  210,7 12-15
[IOJIsI PO3ETOUHBIX JIUCThEB, % 100 100 100 100 100 93,3 84,0 85,4 12-15
Conepxanue 20E B po3eTOYHBIX
JIUCTBSIX, % 0,04 0,06 0,11 0,19 0,22 0,25 0,27 0,28 3-4

MMpumeuanune. 20E — sknucrepon. BospacT pacteHuii B OHTOreHe3e: p — MPOPOCTOK, j — IOBEHUJIbHBINH,
im — MMMAaTypHbIil, V — BUPTUHUJIbHBINA, g1, 82 — MOJION0i U 3pesblii TeHepaTUBHBIN.

2. Iloka3areqm pa3BUTHS HaJA3eMHBIX OpraHoB Rhaponticum carthamoides (Willd.)
Iliin u3 arpononyasiuum, KyabTusupyemoii B ycaosusx Esponeiickoro Cesepo-Bo-
CTOKA, B IEPHOJ YCTONYABOTO MPOIYHMPOBAHNS HA3EMHOI (PUTOMACCHI C BHICOKHM
OMOCHHTE30M 3KAMCTEPOHA C 5-r0 mo 32-ii rox ku3uu (ApxaHreabckoit 001., Kot-
Jacckuii p-H, 1994-1921 roner)

TMokasaresb | MtSD [ Cv,% | max | min | N

Yucno mobderos, IIT.:

BCEro 31,00£12,40 40,1 60,4 17,9 15-20

BEreTaTUBHBIX 28,30%£10,70 37,9 54,6 14,8 15-20

reHepaTUBHBIX 2,71£2,13 78,6 3,8 0,6 15-20

TUIOIOHOCSILLIAX 0,19+0,31 167,9 1,1 0,001 20188-52
BricoTa reHepaTUBHBIX MTOOETOB, CM 125,0%10,1 8,1 143,1 107,9 15-20
BricoTa BereTaTMBHBIX ITOOErOB, CM 87,3£11,3 13,0 119,1 65,2 15-20
InprHa po3eTOUHBIX JIUCTHEB, CM 24,5+3,8 15,6 33,0 19,4 15-20
Macca HaI3eMHOI YacTu:

BCETO, T 223,4+74,4 33,3 354,0 95,1 6-9

IIOJIsI PO3ETOYHBIX JINCTBEB, % 84,4153 6,3 93,9 73,2 6-9
Conepxanue 20E B po3eTOYHBIX JIUCTBSIX, % 0,41+0,10 24,4 0,64 0,28 3-4

CeHWJIbHBIN TEepUon B 1IEJOM IO TIOMYJISIUMM HE HACTYIMall: PacTeHUs
MIPOJOJIKAIM HOPMAaJbHO OTPacTaTh M BereTMpoBaTh Ha 31-33-i1 Tombl >KU3HU.
IIpy aHaTOMUYECKOM HMCCIE€IOBAaHUM TOA3EMHBIX yacTeid B Havajne 33-ro rojga
xu3HU (29 anpenst 2022 roga) ObLJI0 0OHAPYXXKEHO, YTO MPOLIECCHl OTMUpPAHUS U
HOBOOOpa30BaHUS 0CO0OE HaXOAATCS B OTHOCUTEILHOM IWHAMWYECKOM pPaBHO-
Becun (1:1). Obuiee ymcino nmoderos (31,5 mt., Cv = 28,0 %) U MHOTOJIETHUX
1o4eKk Bo3oOHOoBIeHUs (52,7 wt., Cv = 42,5 %) ObUIO CONOCTaBUMO C CyMMap-
HBIM 4YMCJIOM OoTMepiuux mo6eros (83,7 wr., Cv = 47,7 %).

Pactenust Bo BpeMsl pocTa Haa3eMHBIX OPTaHOB M 3UMYIOIINE KOPHEBUIIA
He TTOpaXXajqnuch OOJE3HSIMU W BpeIUTEIIMU. ISl TUCTHEB CYIIECTBOBAIM KpaT-
KOBpPEMEHHbIE MEePUOAbl B XM3HEHHOM IMKJIE ((a3a MpopoCTKOB), KOrma OHU
He objaganu MOTEHUMAJIOM YCTOMUYMBOCTUM K JIMCTOTPBI3YIIMM GuTodharaM.
Bpenutensamu ceMsiH B a3y co3peBaHMs ObLIM NTULBI U3 ceM. BopoObuHbIE
(Passeridae), couBeTuil (€AMHUYHBIC IOPaXXKEHUSI B HEKOTOpHLIE roabl) B ¢asy
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(opMupoBaHUs CeMSIOUEeK — KYKU-OpoH30BKU Oxythyrea funesta, Potosia cu-
prea ssp. metallica (Cefoniinae), BOCKOBUK MOJOCATbIii, UIW TepEeBs3aHHbIN,
Trichius fasciatus (Scarabaeidae: Trichiinae) (61).

OCHOBY JIEKapCTBEHHOTO ChIpbs R. carthamoides B Han3eMHBIX OopraHax
COCTaBJISIIA PO3ETOUHbIC JIUCThSI BEr€TaTUBHBIX MOOEIOB: KPYITHbIE Y€PEIIKOBBIC,
Yy B3pOCJIBLIX pacTeHuUii 6oyiee WJIM MeHee IIyOOKO MepUCTO-paccedyeHHble Ha 15-
22 poneil (MMHMMAaJbHBIN ITOKa3aTelb — OTCYTCTBME pacCeYeHMi, MaKCUMalb-
HbIA — 27 nmojieit), Mo OKpacKe CBETJIO-, XKEJITO- WIM TEMHO-3eJIeHbIe, 00pa30-
BbIBAJIM PO3ETKY AuaMeTpoM B cpeaHeM 55-90 cm (ot 37 mo 112 cm). B mosogom
BO3pacTe TMOBEPXHOCTh JIMCThEB OblJIa TTAyTUHUCTO-OITYIIEHHOM, TTPUIaroIIeil MM
cepeOpUCTHI OTTEHOK. PasMephl B3pOCbIX TUCTheB focTuranu 60-90 cM, mHoOra
g0 120 cm o anuHe u 25-33 ¢M 10 LUMPUHE JUCTOBOM miacTUHKU. [TosiBieHue
HOBBIX JIMCTBEB, UX B3POCJIEHUE U OTMMpPAHUE HE ObLIO MPUYPOUYEHO K OIpeiae-
JIEHHBIM ba3aM pa3BUTHUSA, OHM (PYHKIMOHMPOBAIM B TEUEHME BCEro BereTalu-
OHHOI'O IIepuona, MEHdd ApPYr Apyra BO BPEMEHM, C MOMEHTa CXOJa CHEXHOIO
TTOKPOBA W IO HACTYIJICHUST YCTOMYIMBBIX OCEHHMX 3aMOPO3KOB.

IIBeToHOCHbBIE (reHepaTUBHBIE) MoOern umenu Beicoty 110-140 cMm, nHO-
raa 1o 180 cm. Crebenb HapacTall 3a CUeT BCTABOYHOIO POCTa MEXIOY3/IUii, Ha
KOTOPOM OBIJIM CIIMPANIe00pa3HO PacHONOXeHHI 28-55 MTMCTheB pa3IMYHON CIOX-
HOCTU cTpoeHusl. Ha Bepxyllke Moyioro Hepa3BeTBJEHHOro cTediss hopMHUpoBa-
JIOCh ONMHOYHOE COIIBeTHE — KpYITHAs IapoOBHUIHAS KOP3WHKA IMAMETPOM 4-
6 cM (paszobpoc ot 3 10 8 cM), ¢ 000enOIBIMKA (PHOJIETOBO-TMIOBBIMU LIBETKAMMU.
Cpoku 1BeTeHUs] OocoOell B arpornomnyiasiiuu MPUXOAUIUCh OOBIMHO Ha 14-
26 wioHs. B xon1le mioHs 3anBeTanu MeHee 1 % moberos. JlaTel Tpex caMBIX paH-
HUX OTKJIOHEeHWI i arporomyasainuu — 10.06.1995, 10.06.2005, 09.06.2015;
omnHa mo3aHss gata — 07.07.2017. INosiBaeHME HOBBIX T'€HEPATUBHBIX MOOETOB,
UX LBETEHUE B UIOJe-CEHTIOpe He Habimogaioch. B ueinom pa3Butue R. car-
thamoides 1o da3pl OyroHn3anuy 3aHuMano 15-23, userenus — 44-56, miono-
HolueHust — 72-77 cyt. Ilocne MaoaoHOLIEHUs B CEPeIMHE UIOJIS PenpOIyKTUB-
HbIe TTOOETH OTMMpPAJIM, PO3CTOUYHBIC MOOGETH TPOIOJIKAIN BETeTUPOBaTh, ITOKa
CpeIHEeCYTOUHOM TeMmepaTyphl He omyckanachk Huke 0 °C Bo 11 nekane okTs0ps,
MOCTENEHHO YMEHbIIASICh 10 YUCIY U pa3MepaMm. B Hag3eMHoil cdepe npeobdia-
JlaJIi BereTaTUBHBIC (PO3ETOYHbIE) MOOEIU: UX J0JISI B Macce HaI3eMHBIX OPTaHOB
B TiepBble 3 roma xusHu coctasisia 100-93,3 %, na 4-5 rogel — 84,0-85,4 %, B
nanpHeieM (5-32-i1 rompl) TIpakTUYeCKu He MeHstach — 84,4 % (Tipu MUHM-
MansHOM Cv = 6,3 %). Bkitam reHepaTUBHBIX ITOOETOB B BEJITMYMHY (PUTOMACCHI
OKa3ajicsd He3HAYMTEeJIeH Ha BCeM IMPOTSKEHMU 32-JIETHEro XXKU3HEHHOTo LMKJIA:
6,7 % — wna 3-it ron, 6,0 % — Ha 4-it ron, 4,6 % — wHa 5-ii rox, 5,6 % — B
cpeaHeM 3a Mepuoj ¢ 5-ro no 32-i roabl XU3HMU.

OO011ee ynciao 1moderoB y oco0eil B MepBhIE 5 JIET MOCAEA0BATEIbHO BO3-
pactraio (cm. Ta6a. 1): ¢ 1,0 no 4,2 wrt. Ha 2-i rom; 5,7 WT. — Ha 3-i Tom;
17,2 mT. — Ha 4-i1 tom; 35,6 — Ha 5-#1 ronm XM3HU. MaKcUMaJbHOE YHCIIO
3a()MKCUPOBAIM BO B3POC/bI TeHEepaTUBHBIM mepuon Ha 6-9-it rompr (60,4-
52,1 1WT.), MUHUMAaJIbLHOE MPUIILJIOCH HA HaYalo CyOCEeHUJIbHOTO BO3pacTa — Ha
13-15-i1 roger (17,9-20,6 wt.). B nmepuos ctabuibHOTO (DYyHKLIMOHMPOBAHMS ar-
POTIONYJISIIAYA ¢ YCTOMYMBBIM TTPOAYLIMPOBAaHUEM Ham3eMHOI duToMacchl (¢ 5-ro
no 32-ii roapl; cM. TabJ. 2) CpeaHsisl YUCISHHOCTb Moberos Obuta paBHa 31,0 1mT.
(Cv=40,1 %), a Ha Hayano 33-ro roma — 31,5 .

Yuclio BereTaTUBHBIX 1OOETOB BO3pacTano A0 5-ro roaa xkusHu (¢ 1,0 mo
31,1 wrt.), 1 B MOCJIEAYIOLIUE TOAbl COXPAHSJIOCh CpeaHee 3HayeHue 28,3 1T.
(Cv =379 %). 'eHepaTUBHBIC MMOOGETW C COLBETUSIMM HAUYMHAIW TIOSIBIISITHCST C
3-T0 TOJa, OAHAKO OHM OTMHpAJM, He JOCTUTas (pa3bl TIOMOHOIIEHUs (BBICOTA
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3-42 cm). Ha 4-i1 rog pacteHue B cpemHeM (opMupoBaio 1,2 reHepaTUBHBIX
rmoGera, U3 KOTOPBIX JIMIIL He3HaunTenbHasd yacTh (0,16 11T.) 1iBes1a 1 3aBSI3bIBajia
MMOJTHOLIEHHBIE CeEMeHa; Ha 5-1 roj Ha pacteHuu ObI10 B cpexHeM 0,84 miaomoHO-
csuux moodera. B cyOceHWIBHOM BO3pacTe YMCIO FeHEpaTUBHBIX MOOETOB CHOBA
oKazajlach He3HaUYMTeabHOM (cM. Tabm. 2) — 0,19 wr/pacteHue, 4To ObLIO OJIUZKO
K mapaMeTpaM MPUPOIHBIX MOy (55) 1 yKa3blBajJo Ha MPEeUMYIIECTBEHHO
BEeTreTaTUBHBIM TUI Pa3MHOXEHUSI KJIOHAMM TIOC]e OE3MHTErpalud MaTephH-
CKOTO pacTeHUsI Ha OTHOCHUTEJBHO CaMOCTOSITEIbHBIE TOYepPHUE OCOOU.

OO6paiiiaet Ha cebsl BHUMaHUE TO, YTO MPU CTAOMIbHON BEJIUMYMHE 3aTpaT
Ha (hopMHpOBaHNE TeHepaTUBHEIX IT00eToB (He Goiee 15-16 % oT pmToMacchl Ha
MPOTSLKEHUM BCETO OHTOTeHe3a MpM MUHUMAaJbHOM Ko3(hGhUIIMEeHTe Bapualuu
6,3 %) 4uCiIO IUIOAOHOCAIIMX PEIPOAYKTHUBHBIX ITOOeroB 3a 27 jeT (¢ 5-ro mo
32-i1 rompl) mpu cpengHux 3HadeHusx 0,19 1mT/pacteHue BapbUpOBaIO OUYEHBb
cribHO — ot 0,001 mo 1,13 wr. (Cv = 167,9 %). D10 GBUIO CBI3aHO KaK C BO3-
PACTHBIMM OCOOEHHOCTSIMU WHIWBUALAILHBIX pACTEHWI B MOMYJISILIMHU, TaK U C
MO3HEBECEHHUMMU 3aMOpo3KaMu 10 —7...—10 °C oT mMpoHMKaIOIIMX Ha TEPPUTO-
PHIO BO3MYIIHBIX apKTUIECKUX MACC, BHI3BIBAIOIINX HEOOPATUMBIEC TTOBPEXKICHMST
U OTMUpaHUe COLIBETUI (pO3eTOUHbBIE TUCThS R. carthamoides yCTOWYMBBI K HUM).
AHAaJIOTMYHOE BIMSAHUE KIMMaTHIeCKNX (PaKTOPOB Ha BapbHpPOBAaHMWE IapaMeT-
POB IJIOJOHOIIEHUE OTMEUYEHO W IJIsI MIPUPOAHBIX TOPHBIX MOMYJSIUMid (55).

dutoMacca U UBMEHUYUBOCTb €€ HAKOMJEHMUS B OHTOTE-
He3e. [IpoayKTMBHOCTh MOMYJSIUMM OMPEEIsIT YMHOXEHUEM YMCIa pacTeHUI
Ha eIVHUIIE TIJIOIIAAM Ha BEJIMYMHY CyXol (puTomacchl ocobeii. I'ycToTa BCxomoB
R. carthamoides B arponieHo3e B 1-i1 ron xu3Hu coctapisuia 114 Teic. mT/ra, ¢ 3-
4-ro o 10-i1 — 27-24 TBIC. TNT/TA, ¢ 13-TO TIO 15-i1 — 16-20 THIC. IIT/TA, Hajee
kojaebanoch no rogam ¢ 22-30 go 20-23 Teic. mt/ra (puc. 3). B ueaom cybce-
HuJbHOM Bo3pacTte (¢ 13-ro mo 32-ii roAbl) cpeaHee 3HaYeHUe TMJIOTHOCTU paB-
HsTOCh 24,5 ThIC. 1iT/Ta (¢ Kosnebanusamu ot 16,4 no 30,5 teic. wr., Cv= 16,0 %).
B mepecuere Ha HOpMY IpU MOA3MMHEM IoceBe (C 4-5-KpaTHbIM 3amacoM Ha
eIMHUILY TIIOIIAAN) TP KBAIM(HUIIMPOBAHHOM YXOI€ MOTPeOHOCTh CeMSH IS
BBICEBA COCTaBJIsIa OKoJIo 3 Kr/ra (mpu cpenHeit Macce 1000 cemsiH 15 T 1 mo-
JIEBO BcxoxecT okoiio 60 %).

HMHble HOpMEBI BhICEBa, PEKOMEHAOBAaHHBIE B MOHOTpPA(USX MO KYIbTHU-
BupoBaHuio R. carthamoides n cocrapnsionie mo 10-15 kr/ra (57) m 20-25 xr/Ta
ceMsH mnepBoro kjiacca (56), ciemayeT cuMTaTh 3aBbIIIEHHBIMHU. [IpM BBICOKMX
HOpMax BbICE€Ba B MOCJIEAYIOLIME TOAbl MTPOUCXOANIO CAMOU3PEKUBAHUE U CTa-
OMIM3aIns YUCIEHHOCTH Tomy . dakropaMu cpenbl, BRI3BIBAIOIINMU CHU-
XKEeHHe YKMCIIEHHOCTU 0ocobeil B LieHo3e st R. carthamoides, MOTYT OBbITh mepe-
VBJIZXXHEHUE, BbI3bIBAIOLEE 3aTHUBAHUE KOPHEBOM CUCTEMbl, KOHKYPEHTHOE MO0-
JIaBJICHNE CO CTOPOHBI OBICTPOPACTYIINX MHOTOJIETHUX COPHBIX PACTeHUIA B TIep-
Bble TPU roja XXW3HU, PaHHUE CPOKM YKOca HaJ3eMHOU ¢uTomacchl (co 2-T0
roma), CpoKu IoceBa ceMsiH (BECEeHHWiII BMECTO MOA3MMHEro), AeUUUT Biaru
MouB (3acyxa), cTapeHue U T.1.

B 6uonorum R. carthamoides nposIBASIIOCH XapaKTEPHOE ISl BBICOKOTOpP-
HBIX PACTEHUI MOCTENEHHOE MpopacTaHWe B TeYeHME 3 JIeT: BeCHOM 1-To roxa,
BO 2-3-i1 mekaze Mas, MosSBIsIoch 85-88 % pacreHuii oT 0o0ILIEro Mx 4ucia, Ha
2-i1 ron — 10-12 %, Ha 3-it — 2-3 % (mpu yCJIOBUM, YTO IOYBA He ObUIA IEpe-
yBJaXxHeHa U cemMeHa He 3arHuyiv). IlepBble 2 Mec ObLIM Haubojiee YSI3BUMBbIM
MEePUOJOM IO MPUYUHE CJIA00PA3BUTOCTU MEPBUYHOIN KOPHEBOI CUCTEMBI, O0pa-
30BaHHOI OOKOBBIMM OTBETBJICHUSIMHU Tl1aBHOTO KOpHS auamerpom 0,03-0,05 MM,
KOTOpBIE pacriojarajuch B MOBEPXHOCTHOM cJioe MovBe. brijia Bo3MoxkHa Macco-
Bag TMbesb 0cobeil 1M3-3a HEONITUMAIBHOIO PeXXKMMa MOYBBI OT MepeyBIaKHEHUS
U oT nepecbixaHus. [logzeMHast chepa MHTEHCUMBHO pa3BUBajach Iociie GopMu-
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poBaHUsI CTeONEKOPHS (C MOSIBJIEHUEM MPUIATOYHBIX KOPHEH M3 30HBI THUIIOKO-
TUJISA), YTO CJIEJOBAJIO MO BpeEMEHU 3a (a30il pa3BepTHIBAHUS PO3ETOYHOTO 3a-
POIBIIIEBOTO TTOOETa B IOBEHMJILHOM Bo3pacTe. B mMMarypHOM BO3pacTe HOJS
KOPHEBOM CHCTEMBI pacTeHMil Bo3pactaia ¢ 19-21 mo 43 % or obuieit puro-
MAacCHI, 9YTO TIPUBOIMIIO K TTOBBIIIEHHUIO YCTOMYMBOCTH K JIETHEH 3acyxe M obec-
MEeYNBAJIO POCT TMA3YIITHBIX ITOYEK BO30OHOBICHUS B MHOTOUYMCIIEHHEIE OOKOBBIC
BereTaTMBHbBIE TTOOET.

400+ r 400
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Bospacr arpononynsanum (1990-2021 romsr)
Puc. 3. Ilunamuka miotnoctd (1) M BeqmumHa CcyXoil puTomacchl Han3eMHbIX (2) U moa3emHbix (3)
opraHoB y Rhaponticum carthamoides (Willd.) Iliin B arpomonyisiuuu, KyJIbTHBHPYEMO B YCJIOBHSX
Esponeiickoro Cesepo-Boctoka, B Teuenne onrorene3a. Bospact pacteHuit B oHTOreHese: p — Mpo-
POCTOK, j — IOBEHWIbHBII, im — MMMAaTypHEIi, V — BUPTUHWIbHBIN, gl, g2, g3 — MOJIONoii, 3pelblil 1
CTapblii reHepaTUBHBIIA; SS — CyOCEHUJIbHBIN (ApXaHTeNbeKoit 00i1., Kotnacckuii p-H, 1990-2021 romsr).

50

12 32133

3. IlpoaykTuBHOCTh arpononyasiuuud Rhaponticum carthamoides (Willd.) Iliin, Kyas-
THBHpYeMoii B yciaosusax EBponeiickoro Cesepo-BocToka, B nepBbie 5 jieT oHTOre-
He3a (ApxaHrejbekoit 0071., Kotnacckuii p-H)

I'onm 1 Bo3pacT pacTeHUI
IMoka3aresb 1990 1991 1992 | 1993 | 1994 N
p \ j \ im im | v v gl | gl-g2
[T10THOCTB, THIC. 1IT/Ta 114,3 34,6 31,5 30,8 28,3 27,5 27,3 24,0 40-48
Macca omHOTO pacTeHusl, T:

HaJ3eMHBIE YaCTH 0,013 0,27 0,42 6,2 10,2 16,4 56,8  210,7 12-15
MOJ3eMHBIE YaCTH 0,003 0,07 0,30 2,3 4,7 11,9 38,2  141,3  12-15
Pa3BuThbie COLBETHS, 1LUT/pacTeHKe 0,01 0,16 0,84 186-4233

[TpoayKTUBHOCTD, KI/Ta:
Haa3eMHasl 4acTb 1,5 9,3 13,2 191 289 452 1553 5046 12-15
MOA3eMHas YacTh 0,3 2,4 9,5 71 133 328 1044 3384 12-15
ceMeHa 0,17 8,0 30,3 186-4233

[TpuMeuaHus. Bo3pacT pacTeHUil B OHTOreHe3e: p — MPOPOCTOK, j — IOBEHUJIbHBIN, im — MMMaTYpHBIi,
V — BUPTMHWIBHBIM, gl, g2 — MOJIOIOi1 1 3pesblii TeHepaTUBHBIIA.

B nepBble 3 roga XXuzHu cyxast Haa3eMHasi (puTomMacca I0BEHWIbHbBIX, UM-
MAaTypHBIX M BUPTUHWIbHBIX pacTeHUil cocTaBisiiia coorBercTBeHHO 0,3; 6,2 u
16,4 r 1 He mpeacTaBisia MHTEpeca it oTuyxaeHus (tadn. 3). C 4-ro roga,
KOTJa HaYMHAJICS TIepeXO/I arpoIONyJISIINU B TeHEpaTUBHBIIN BO3pacT, HaI3eMHas
Macca Bospactaia 1o 56,8 r. C 5-roga XXu3HU HaOIIOOAJICSI MAacCOBBIN IEPEXONT
MOMYJISILIMU B TeHEpaTUBHOE COCTOSIHUE M BBIXOJ Ha CpelHUe mapameTphl pa3BU-
™ — 210,7 T Hag3eMHOM MacChl C pacTeHUs IIpU cpeaHeM 3HadyeHuu 223,41 3a
nepuon 5-32-i1 roasl (Tabia. 4). Ha 6-8-it ronbl (3peblii TeHepaTUBHBINA BO3PACT)
ObTH 3a(pUKCUPOBAHBI MAaKCUMAaJIbHBIC 3HaUYeHUS (PUTOMACCHI 0COOE — COOT-
BeTCTBeHHO 354, 352 u 282 r. Ha 9-12-1i roabl XXU3HU MOMYJISILMSI HAXOAUIACh B
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CTaporeHepaTMBHOM BO3pacTe, Macca Haa3eMHbIX OpraHoB cocTaBisuia 208,7-
179,9 r (cM. puc. 3).

ITpu crapeHuun pacTteHMil Ha Hayajao cyOceHWJIbHOTo Bospacta (13-17-i1
rofibl), KOTOPOE COIPOBOXKIAIOCH IOCTEIIEHHBIM pa3pylleHMeM KOPHEBO CH-
CTeMbI TIEPBUYHOIO pacTeHUs B 30HE IJIABHOTO KOPHS U €€ pacuJieHeHUeM Ha J0-
YyepHMe, MPUXOIMIach MUHUMAJIbHAs BeJIMUMHA (PUTOMACChI HAI3EMHBIX OPTaHOB —
95,1 r/pacteHue. B mocrnenyolye roabl oTMEYaaoch Bo3pacTaHue (GuToMacchl
HaJI3eMHBIX OPTaHOB BO BTOPOM OOHOBJIEHHOM ILIMKJIE OHTOTe€He3a, KOraa JouepHue
0co0H, BereTaTBHO BO3HUKIIME B (DopMe KIIOHA, 3aHUMAJI MECTO MaTePHHCKIUX
pacTeHuii, TO €CTb MPOMCXOOUIO oMmooxeHue momyasauuu. [lpu stom cpembee
3HaYeHME HAA3eMHON (hUTOMAacChl 3a Mepuo ¢ 5-ro o 32-i ronm xu3Hu (223,4 1)
0Ka3aJIoCh OJIM3KO K 3HAYEeHUIO 3a 5-1 roj xu3Hu (210,7 r). [ToBelllleHHAsT U3MEH-
YUBOCTh OOCYKIAaeMOTo TIoKasartess mo rogaMm HaomompeHuit (Cv = 33,3 %) (cM.
puc. 3) BeI3BaHA CWJIBHBIM BIMSTHHEM BJIAXKHOCTU (MHTCHCUBHBIC OOXIW) M TEM-
nepatypsl Bo3nyxa (35-38 °C u 3aMoposku 10 —5...—10 °C) Ha ce30HHOe pa3BUTHE.

4. TToka3areju MPOAYKTHBHOCTH arpononyisiuuu Rhaponticum carthamoides (Willd.)
Iliin, KynpTUBUpYemoii B yciaoBusix Esponeiickoro Cesepo-BocToka, B mepuon
YCTOIYMBOTO MPOAYLMPOBAHUS HAA3eMHOI (uroMaccsl ¢ 5-ro mo 32-ii ron XKu3nu
(ApxaHrenbckoit 061., Kotnacckuit p-H, 1994-1921 roasr)

[Tokasaresnb | MESD | (v, % | max | min | N
[T10THOCTB, THIC. IIT/Ta 24,1%£3,5 14,7 30,5 16,4 40-48
Macca OIHOro pacteHusl, I:

HaJ3eMHbBIE YaCTH 223,4+74,4 33,3 354,0 95,1 6-9
MOJA3eMHbIE YaCTU 246,3+58,6 23,8 354,4 190,6 6-9
PasBuThie COLBETHS, IIIT/pacTeHUE 0,191+0,31 167,9 1,13 0,0005 20188-52

TTponyKTUBHOCTD:
HajJ3eMHasi 4acTh, Kr/Ta 5338,4+1760,6 33,0 8483 2634 6-9
TOA3eMHasl 4acTh, KI/Ta 6019,3+1337,1 22,9 8548 3977 6-9
ceMeHa, Kr/ra 1,31£0,65 49,6 1,98 0,49 20188-52

Macca mmoa3eMHBIX YacTelt (KopHeil ¢ KOpHeBUIIAMH B CYXOM BHUIE) BO3-
pacTajna Bcien 3a Hag3eMHoM (cM. TaOi. 3, 4): B mepBbie 3 ToJa OHA TakKe Oblia
HesHauntenbHa (0,3, 4,7 n 11,9 r/pactenne), Ha 4-i1 rox cocraBimsiia 38,2 T, Ha
5-i1 —141,3 r. MakcuMaJabHYIO BeJIMYMHY 3a TeHepaTUBHBINA MEPUO] C BO3pacTa-
HUeM 10 MakcumyMa ot 270,6 1o 354,4 T 1 mocaeayomuM cHkenreM 10 303,7 r
oTMevann Ha 6-10-if rombl Xu3Hu. CpenHee 3HaUCHUE MACChl TTOA3EMHBIX Opra-
HOB B cybceHWIbHOM Bo3pacte (13-32-e roasl) 6buto paBHO 217,3 1, a Ha 33-i1
roj Xku3Hu (mocie nepe3suMoBku Ha 29.04.2022 roma) — 268,5 T (Cv = 28,6 %).
YcpenHeHHOe 3HaUYeHWE MacChl KOPHEH ¢ KOpPHEBUILIAMK B TIEPHOJ C OTHOCH -
TEeJIbHO YCTOMYMBBIM TMPOAYLIMPOBaHUEM HaA3eMHOI dutomacchl (¢ 5-ro mo
32-it ron) coctasisuio 246,3 r (Cv = 23,8 %), 4TO HECKOJIBKO BbILLIE CPEIHETO
3Ha4YeHUsT I Haa3eMHbIX yacteit (223,4 r pu Cv = 33,3 %) U CBUAETENLCTBYET
00 ¥X BaXXHOCTU B KauecTBe 3allacalollero opraHa ajisi GopMUpOBaHUST HAI3eM-
HOI (pUTOMACCH B OYIyIIEM TTepHOJIE.

Takum oOpa3oM, KojieOaHUSI BEIMYMHBI ITI0A3€MHOI MaCCHI 110 roJaM ObLIN
B 1IeJIOM OoJlee CITaskeHBI, ITOCKOJIbKY OHAa MEHee 3aBMCHMa OT Ce30HHBIX TeMIIe-
paTyp 10 CpaBHEHUIO C HAA3eMHOMN U (hOPMUPYETCS 3a CUET OTTOKA OPTraHUIECKUIX
BEIIIECTB M3 HAI3eMHEIX OPTaHOB B MPOILIECCe MX IMMOCTENIECHHOTO OTMUPAHMSL.

3aKOHOMEPHOCTHM HAKOIJEHUS 3KIUCTEPOHA B Halg3eM-
HOM vyacTu pacTeHU . [Ipolecchl OMOCMHTE3a U HAKOTUIEHUST SKIUCTepOHA
3aBUCUMBI OT POCTOBBIX IIPOLIECCOB B HAaI3eMHON cdepe, OOYCIOBIEHHBIX, B
CBOIO O4Yepedb, Pa3BUTHEM KOPHEBON CUCTEMBI MATepHMHCKOTO pPAacTeHUS U ee
JIe3WHTErpareil Ha JouepHre ocoou. Po3eToUHBIC TMCThS BEreTaTUBHEIX ITOOEC-
ToB R. carthamoides coctaBisim 84-94 % oT Macchl HaI3eMHBIX opraHoB. Comep-
JKaHWe 9KIUCTepOHa B HUX OBIIO MUHMMaIbHEIM B 1-i1 rox (0,06-0,11 %), 3aTem
Bo3pacTajio TocienoBareabHo 10 0,19-0,28 % c¢ 2-ro mo 5-if rom XKU3HU (CM.
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Tabi. 1, puc. 4). B renepatuBHbI nepuof (C TUIOJOHOCSIINMMM 1IBETOHOCHBIMU
noberamu) oHo cocraBistio 0,29-0,33 % (Ha 6-10-i roabl) U YMEHBIIAIOCH OT
0,44 o 0,40 % nipu mepexojie C TeHEPATUBHOTO B CyOCEHMILHBIN Bo3pacT 3a 11-
13-i1 ronel (cM. Tabu. 2).
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Bospacr arponomynaumu (1990-2021 roani)

Puc. 4. KoppeasinuoHHasi CB3b MeXKAY BeJIMYMHON HAJ3€MHOIl MACChl PACTEHHIl U COMEPKAHHEM IKIHU-
crepoHa (1), mocroBepHocTh annpokcumanuu (2), Hakomienue skaucrepona 20E (3) u TpeHn ero Hakon-
Jienns (4) B JJUCTbSX BereTaTUBHbIX no0eroB Rhaponticum carthamoides (Willd.) Iliin u3 arpononysinuu,
KyJbTHBHpYeMoii B yciosusix Esponeiickoro Cesepo-BocToka, B Teyenne oHToreHe3a. Bospact pacre-
HUI B OHTOTEHe3e: P — IMPOPOCTOK, ] — IOBEHWIbHBINM, im — MMMAaTYpHBI, V — BUPTUHWIbHBIA,
gl, g2, g3 — Mmoomoii, 3peNblif M CTapblii TeHePaTUBHBIN; SS — CYOCEHWJIbHBIN (ApXaHTeJIbCKOM
0611., Kotnacckuii p-H, 1990-2021 romsr).

3a mociaenyoolye roasl cydoceHMIbpHOro Bo3pacTa (16-32-it rompl), mpu
MUHMMAJIBHOM pernpoayKuuu (B cpeaHeM 1 IUIOJOHOCsIee COLBETHME Ha 5 pac-
TEHUI) colepKaHNe IKAUCTEPOHA B BET€TAaTUBHBIX MOOErax OCTaBaJlOCh BHICO-
kuM — 0,41 % (Bapsuposanue 20E o rogam ot 0,28 10 0,64 % npu KonebaHuun
yycia rmiogoHocsamux coupetuii or 0,001 go 1,13 wr.). B aToT mepuona pe3ko
COKpaliajiach CeMeHHasT peIpOAYKIINs M CUHTE3MPOBAHHBIM SKIUCTEPOH, paHee
Tepepacnpee/IIBIINICI C BOTHBIM ITOTOKOM aCCHUMUJISITOB OT JIMCTBEB K CeMsI-
ITOYKaM COILIBETUI M ceMeHaM, OCTaBaJICS B pPO3ETOUYHBIX JTUCThIX. PaHee Ha mpu-
Mepe 8 monynssumii R. carthamoides w Serratula coronata B Bo3pacte 10 15 et MbI
MOKAa3aJIv, YTO TMHAMMKA CONEPKaHMS SKINCTEPOMIOB B X BETeTATMBHBIX Opra-
Hax o0OpaTHO M CUJIbHO 3aBHCUMa OT ceMeHHoI penpoaykiuu (59). IToaydyeHHy0
B HacTosllell padore Mozenb B3auMHoi cBsa3u (R2 = 0,768) mexny cyMMapHOii
BEJIMUMHOM HaA3eMHON Macchl R. carthamoides v coaepXaHUEM 3KIMCTEpOHA B
PO3ETOYHBIX IT00erax ¢ KO3(PGUIIMEHTOM AeTepMUHALIMK 0KOJI0 80 % (4TO COOT-
BercTBYeT ¥ = 90 %) MOXHO HpHU3HATH OOBSICHSIONICH 3aBUCUMOCTh OMOCHHTE3a
Y HaKOIUICHUs 9KIUCTEPOHA OT Pa3BUTOCTH BET€TaTUBHBIX MOOETOB.

MBI yCTaHOBWJIM KOMITJIEKC KOPPEISITUBHBIX TTapaMeTPOB PAaCTEHUI B OH-
TOreHe3e, couetaroluxcst ¢ HanbosbiuuM (0,56-0,64 %) HaKOIUIEHUMEM BKIUCTE-
pOHa B BereTaTUBHBIX Toberax R. carthamoides: njiiHa PO3ETOUYHBIX JIMCTHEB —
97-119 cM (MakcuMyM), 10JIs1 PO3ETOYHBIX JIMCTHEB B CTPYKTYpe (pruTOMACCHl —
91-94 % (MaKCUMYM), YHCJIO TUIOHOHOCIIINX conBeTrii — 0,016-0,021 mt/pacteHune
(MUHUMYM), CyMMapHasl BeJIMYMHAa Haa3eMHOI (puToMacchl (BMeCTe ¢ reHepaTuB-
HeIMM Toberamu) — 270-320 1 (BeIe cpemHeit BenmmunHbl 223 T Ha 20-40 %).
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ITponykKTUBHOCTbh arpomnonyasiiuu. BagoBas npoaykuus Ha
eIVMHUIIE TUIOIIAAN TOMYJISIIUUA (C YIeTOM IUIOTHOCTH) CIYKUT WHTETpalbHBIM
IToKa3aTelIleM, XapaKTepU3YIOIINM 3KOJIOTUIECKUI OIMTUMYM, W OTpaXaeT OTHO-
IIeHNEe OpraHM3Ma KO BCeil COBOKYITHOCTHM (haKTOPOB BHEIHEH W BHYTpPeHHEH
cpenbl. B mpupoaHbIX YCIOBUSX YPOXKAMHOCTb HAN3EMHOM MacChl IUKOPACTYIIUX
3apociieit R. carthamoides Ha T'opHO-ANTaliCKON CEIHLCKOXO3SIIICTBEHHOM OITBIT-
Holt ctaHuu cocTaisgeT 2200-4000 kr/ra. MakcumanbHasg OUOMPOIYKTUBHOCTh
OTIEJIbHBIX (DparMEHTOB YMCTBIX 3apociieii MoxeT mocturatb 6500-7000 xr/ra.
IIponykTMBHOCTH, MOA3EMHBIX OpraHoB R. carthamoides B Antaiicko-CastHCKOI
ropHoit obnactu Kojiebiercs B npenenax 8§0-1500 kr/ra. Hanbonpive mioimanm
CyOaTBITUIICKIX JIYTOB 3aHATHI [ICHO3aMU, TIe CPETHSS Macca KOPHEBUIIl COCTAB-
JsIeT okoo 57-75 kr/ra, a 12-20 % pecypCHBIX y9aCTKOB UMEIOT ITPOAYKTUBHOCTh
570-640 kr/ra (55). Ha oTHOCHTEeNTEHO HEOONBIINX yYacTKaxX Ha Tepputopun Ka-
3aXCTAHCKOTO AJTasl MPOAYKLMSI CyXux KOopHell R. carthamoides olleHUBaeTCsl B
1,0-1,1 1/ra (73).

B xynbType KopHeBuIla JieB3en ca(GIOpOBUIHOM IS MCIIOJIb30BAHUS B
KauecTBe (papMakomneiHOro JEKapCTBEHHOTO ChIpbsl HAaUMHAIOT youpaTb ¢ 3-TO
roja XM3HW. YUYUTHIBasI, YTO HaubOoiee MHTEHCUBHBIN IMMPUPOCT KOPHEBOM MacChI
MMPOUCXOIUT B KOHIIE BETeTAIIMOHHOTO Ieproaa, YOOPKY IPOBOIST B CEHTSAOpE-
okTs10pe. CpeaHsisl ypoxKailHOCTh CyxMX KOopHell (0e3 yuyeTa ¢aKTUUEeCKOU IIOT-
HocTH) B MocKoBcKoit obmacti coctasistiia 2000-2500 kr/ra (56). B ®unnsaaanm
OXUJAeMbIil ypoxail KOpHell (B repecuere ¢ KBaapaTHBIX METPOB Ha rekrap) ue-
pe3 3 roma BeIpanmBaHusg 6buT okojo 2000 kr/ra, Ham3eMHbIX yacteir — 1000-
2500 xr/ra (57). B ycnoBusax IlepMckoro kpast ypoxXaitHOCTh Ham3eMHOM MacChl
6e3 mpuMeHeHUs ynoOpeHmit B cpeaHeM 3a 6 et cocraBwia 2520 kr/ra (74). B
Cubupu Ha MoOJISIX dKCMEePUMEHTAIBLHOIO X03sicTBa LleHTpasbHOTO CUOMPCKOTo
0OTaHMYECKOTO cala ypoxXalHOCTb Hal3eMHOM Macchl R. carthamoides B Bo3pacTte
4-5 ner mocturana 3600 kr/ra (56). B 6oJiee cTapbIx ITOCeBaX OTMEYEHO CHIKEHME
YpPOXaWHOCTH, Hampumep B JIEHMHIpaacKol 00JacTh B IOCeBax 7-8-JIETHETO
Bo3pacta oHa He mpesbiliana 700-800 kr/ra. B MocKoBcKoil 00acT Ha cpell-
HECYTJIMHUCTON TIOYBE OITBITHOM cTaHIWU PoccmificKkoro rocygapcTBeHHOTO ar-
papHoro yHuBepcuteta — MCXA uM. K.A. TuMupsizeBa npoayKTMBHOCTb Ha
6-11 rox cocraBuia 3740 xr/ra u Kk 9-My rojgy cHuxkanach B 3,6 pasa (59).

B m3yuyaembix ycnoBusix EBpomneiickoro CeBepa BajioBasi NMPOIYKIIMU ar-
poronyasuuun (cM. Taba. 3) Obljla MU3EPHOI B TIepBble 2 roga U Ha 3-i1 rol KyJib-
TUBUPOBAHMS U COCTABIISLIA COOTBETCTBEHHO JIUILD 8 % U 5 % 10 OTHOLIECHUIO
K CpeIHUM 3HadyeHUsIM 3a 5-32-1 roabl ku3HM (MU 452 Kr/ra HaA3eMHON U
328 xr/ra noazemHoli ¢uroMaccol). Ha 4-it rog mpoayKTUBHOCTb arpoIonyisiliuu
MMPUMEPHO COOTBETCTBOBAJIA JAHHBIM JIMTepaTypbl — 1553 Kr/ra njisg Hag3eMHOI
yactu U 1044 xr/ra ans noaseMmHoi. B manbHeileM MpoayKTUBHOCTh MPOIOJ-
JKajia yBeJIMYMBATLCSI, COCTABUB Ha 5-i1 rog coorBeTcTBeHHO 5046 1 3384 Kkr/ra,
M BBIILIA HAa MUK B 3peJiOM TeHepaTUBHOM Bo3pacTe — okojo 8500 Kr/ra Ha 6-
7-11 TOOBI A1 HaI3eMHBIX U Ha 7-8-11 Tombl IJIsl TTIOA3€MHBIX OpraHoB. B crapom
reHepaTMBHOM 1 CyOCEHUILHOM BO3pacTe huToMacca CHUXajlach M BapbUpoBajia
B COOTBETCTBUM C 3aKOHOMEPHOCTSIMH, OIMCAHHBLIMU BbIIIe (cM. puc. 4). B me-
JIOM, ¢ 5-T0 mo 32-if roabl XU3HMU (3a 27 JIeT XO3SMCTBEHHOM 3KCIUTyaTalluN)
CpelHsIsl pacyeTHasl MPOAYKTUBHOCTb HAJA3€MHOM 4YacTW arpomnomnyssiiuu cocTa-
BuJIa okoJio 5338 kr/ra (Cv = 33,0 %), momsemHoit — 6019 xr/ra (Cv = 22,9 %)
(cM. Tabm. 4).

YpoxkaliHOCTh CEeMSIH C €MMHUILIbI TUIOIAAM B MepBble 3 roga OTCYTCTBO-
Baja. Ha 4-it u 5-%1 Xu3HU OHa cocTaBwia cooTBeTcTBeHHO 8 u 30 kr/ra, a
HauOOJbIINE 3HAYEHUs1 MoKasaTesid NMPpUIUIMCh Ha 6-ii u 7-i roosl — 108 u
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78 kr/ra, cHu3uBLIMCh Ha 8-10-i1 rogel cooTBeTcTBEeHHO 0 50, 26 U 5 Kr/ra.
ITocne nmepexona B cyOCEHWIbHBIA BO3pACT, KOIA TOMUHUPOBAJIO BEreTaTMBHOE
pa3MHOXEHHE, CpeIHUI €XKEerOAHbIN BBIXOA CeMsSH 3a mepuon ¢ 13-ro mo 32-it
ron cocraBuia 1,3 xr/ra (ot 0,49 no 1,98 kxr/ra). KoadduimeHT ceMeHHOro pas-
MHOXEHUSI 0cOO0M (OTHOIIIEHWE YKClia TIOJTHOLEHHBIX CEMSIH Ha eMUHUIIE TIIO-
1IAIM K TUIOTHOCTM) B 3TOT IMepuoa ObUT paBeH 3,3.

151 cpaBHEHUSI — B €CTECTBEHHBIX YCIOBUSIX CyOaTbIUICKUX JIYyTOB AJl-
Tasi cpeAHUI ypoxail ceMmsiH cocTaBisii 8-30 Kr/ra, a B peaKHUX 3apOCJisiX MOT
poxoauth go 150-200 xr/ra (55). B ycnoBusix EBpomneiickoro CeBepa ypokaii-
HOCTh CEMSH C OIBITHBIX HEISTHOK Obuta chemytoreit: @unmsaaous — go 200-
290 xr/ra (57), Komn Pecrydonuka — mo 295-410 kr/ra. B IlepmckoMm kpae (75)
Ha 9-10-# rom >KM3HM BBIXOL CEeMsSIH oLieHuBajiacs B 386-542 kr/ra (38,6-
54,2 t/M2). T1py 5TOM OOMJIBHOE IJIOAOHOLIEHHE B TAKUX CIIy4asX COIPOBOXKIA-
JIOCh KpaliHe HM3KUM 3HAaYe€HUEM COAEepXKaHMSI SKIMCTepOHa B JIMCTOBBIX Opra-
Hax — ot 0,05-0,07 mo 0,14 % (43); 0,04-0,09 % (44).

Tem camMbIM TTOATBEPXKAAETCS HAIIl TE3UC O TOM, YTO OMHUM M3 KITIOUEBBIX
(hbakTOpOB pETyaAIKM KOHIEHTPALMU 3KAMCTEPOHA B JIMCTOBBIX OpraHax CTaHO-
BUTCST TIPOIIECC KOHKYPEHIIMM MEXIYy CEMEHHBIM M BETETATMBHBIM pPa3MHOXE-
HUEM: OOMJIbHOE MPOAYLMPOBAHUE CEMSIH MPUBOAMUT K OTTOKY SKAUCTEPOHA M3
BETeTaTUBHBIX MOOErOB M paHHEMY 3aBEPIICHUIO KM3HEHHOIO LMKJIA pacTeHUM
BCJIEZICTBME€ MaCcCOBOTO OTMMpPAaHMSI TeHEepaTHBHBIX MOOEroB IMOcje IUIOAOHOIIIe-
HUS BMECTE C TOYKaMM BO30OHOBJIEHUSI, CyKalluX 0a3ucom s GOpMUPOBaHNUS
B OymyIlye rofabl HOBBIX PO3€TOYHBIX JINCThEB, CHHTE3UPYIOIINX SKINCTEPOH.

IMpuGmm3nTenbHas OllEHKAa BajJOBOTO CHHTE3a M HAKOIICHMS SKINCTE-
pOHa B ONTUMAJIbBHOM 3KCILTyaTUpyeMOM Bo3pacTe (¢ 5-ro 1o 32-i rombl) co-
CTaBJIsIa B Ham3eMHoOM cdepe (rmpu amrummtyge comepxanus 20E 2,8-6,4 1/kr)
okoj0 21,9 kr/ra (14,9-34,2 kr/ra) exeromHo, wiu okojo 600 Kr akaucTepoHa
3a 27 netr skcruiyatauuu. B moazeMHol cdepe pacTeHU Mpu OpUEHTUPOBOY-
HoM coaepxaHuu 20E 0,3-0,5 r/kr akkymyaupoBajoch okoso 2,4 kr/ra (ot 1,8
Jo 3,0 Kr/ra) sKIuMCTepoHa, HO 3TU YaCTU PACTEHUM MOTYT OTUYYXXIAThCsl JIMIIb
OIMH pas.

Takum o6paszoM, 90 % exXeroqHO CUHTE3UPYEeMOTO SKAMCTepOHA HaKall-
JINBaeTCs B HAA3eMHOM 4YacTU pacTeHU u3 arporonyiasuuu R. carthamoides.
Ecau xxe ncxoanThb U3 MOTeHIIMAJA XXU3HEHHOTO IIMKJIA TIPOMBIIIUIEHHO 3KCILTY-
aTUPyeMOM TOIYJISIINU ¢ YIETOM BO3MOXHOCTA MHOTOKPATHOTO U3bATUS (Du-
TOMAaCCHI, TO SKIUCTEPOH CKOHIICHTPUPOBAH B HaA3¢MHBLIX OpTraHax 0Oojeec yem
Ha 99 %.

KayecTBeHHbIe mMoKa3aTeJdM JIEKAPCTBEHHOTO ChIPbs M3
JUCTOBBIX OpraHoB. BaxHbM MmokazaTesieM KayecTBa JIEKAPCTBEHHOI'O Chl-
pbst R. carthamoides 1S U3TOTOBJIEHUST TIPENIAPaTOB CIYKUT COOTHOILIEHUE BbI-
COKOAKTUBHOTO 3KIUCTEPOHA (AKTMBHOCTH B 6uotecrax 7,5x109 M) k ciaboak-
TUBHOMY 3KIM30HY (akTMBHOCTH 1,1x10¢ M), mMOCKOJNBKY MeHee aKTHUBHBIE
SKANCTEPOUIBI MOTYT MOJTHOCTHIO MW YACTUYHO OJIOKMPOBATh (DM3NOJIOTHUECKOE
JIelicTBUE 6oJlee aKTMBHBIX COCIMHEHMI, COMepXKaIIXcs B 9KCTPAKTaX pacTeHUN
(8, 48). XKenaTtenpbHO, 4YTOOBI YMCTOTA SKAKWCTEpOHA ObUTa He MeHee 95 % (= 20:1),
ayuiie 97 % (= 30:1), a B uaease — MOYTH IIOJHOE OTCYTCTBUME MUHOPHBIX M
cl1aboakTUBHBIX KoMIOHeHTOB (> 1000:1) (9). B nmpoTuBHOM cilydyae MCXOIHOE
ChIpbE MPUXOAUTCS MOABEPraTh CJIOXKHOW MHOTOCTYIEHYaTOil XxpomaTtorpaduye-
CKOW Mpoleaype OUUCTKU OT HeaKTUBHBIX mpumeceid (10).

J1JIs1 CyXOro HEOUUIIEHHOTO CITIMPTOBOIO 3KCTPAKTa, BBIIEJIEHHOIO U3 65 KT
cyxux KopHeit R. carthamoides ¢ xopHeBuiliamu, cootHoleHue 20E/E Ob10 paBHO
okosio 60:1, roe skmucrepoHa comepxanochk 0,37 %, skamzona — 0,006 % (46).
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CornacHo nmanabiM u3 Yexum (50), coortHomenue 20E/E misg cyxux KopHeit
R. carthamoides coctaBuio 6osee 1000:1. Hna HagzemHoit yactu R. carthamoides
3TOT TIOKAa3aTesb KaueCcTBa HETIOCTOSTHEH W 3aBUCUT OT MHTEHCUBHOCTH (DOPMUPO-
BaHMSI M pa3BUTHS TeHEpaTUBHBIX Mo0eroB. PaHee Ha 12 pa3HOBO3pacTHBIX arpo-
nonynauusix R. carthamoides n S. coronata B TiepBble 16 JIET KyJIbTUBUPOBAHUS MBI
rnokasaiu, uto y R. carthamoides N0 BCTYIUIEHUSI B TeHEPATUBHBIN MEPUOJ COCTaB
(bUTOIKIUCTEPOUAOB ObLT MPENCTABICH TOJBKO BHICOKOAKTUBHBIM 3KIVMCTEPOHOM.
DKIN30H B HAA3EMHBIX PEMPOAYKTUBHBIX OpraHaX CUHTE3UPOBAJICS CHHXPOHHO UX
pPa3BUTHIO: B Hayajie BeTeTallMd B TeHEPATMBHBIX IMOOeTraXx OH He OOHApyXeH, BO
BpeMsl LIBETEHUsI €ro J0JIeBoe yyactue aocturaio 9,1 %, B mepuod HaauBa CeMsH
" 1iogoHomeHnsT — 17,8-18,7 %. B mepron oOMIBHOTO TITIONOHOIIEHUS TOJIEBOE
y4JacTHe 3KIM30HA BO3PAcTajo M B BETETATMBHEIX ITOOErax, XOTS B MEHBIICH CTe-
mean — ¢ 1,5 1o 4,7 % B daze 6yronmsannu u 10 13,3 % B ¢ase uBeteHus (61).

KauectBeHHOE coOTHOILIEHUE 3KANUCTepoHa K 3kau3oHy (20E/E) B Bere-
TaTUBHBIX Moberax R. carthamoides 3a 32 Tona BbIpallliBaHUSI B YCIOBUSIX arpo-
MOMYJISIIMM MEHSUIOCH CJIEAYIOIIMM 00pa3oM: Y MMMATYPHBIX Y BUPTUHUIbHBIX
pacteHuit oHo 66110 Bhie 1000:1 (1-3-i roabl), y MOJOABIX T€HEPATUBHBIX pac-
TeHUU B (ha3ze OyTOHU3ALMK COCTaBsIo 0K0J0 980:1. YV B3pocCbIix reHepaTUBHbIX
pactenuit ipu nepexone B a3y usereHust 20E/E ymenwmanocek no 20-6:1, a K
Hayvaiy riogoHolleHus: — no 3-4:1. B cy6ceHunbHbiit nepuon (13-32-it roabl),
KOrga CeMeHHOEe pa3MHOXKEHME ObLIO IMOAABICHO, KIM30H CUHTE3UMPOBAJCS B
caenoBoM kommaectBe (< 0,001 %) — cootHomenune 20E/E BapbenpoBaiio 1mo ro-
gam oT 560-900:1 mo 60-80:1, yTo oTBe4ano TPeOOBAHUIO OTHOCUTEIIEHOMY Kaue-
ctBy yncrorsl 20E 97 %.

CpaBHeHUE C OPYTUMU TIPOMBIIUIEHHBIMA WCTOYHUKAMU SKIMCTEPOHA
rnokasaio, uto R. carthamoides uMeeT MperuMyILIECTBO Mepel HUMU KakK Mo KOJIM-
YeCTBEHHOMY COIEPXKaHWIO, TaK M TI0 JOOPOKAYeCTBEHHOCTH CHUHTE3UPYEMOTO
skauctepoHa. B yactHoctu, A. Hunyadi ¢ coast. (30) ncciaenoBaayd cocTaB Mu-
IIEBBIX N00aBOK EBpormeiicKoro phIHKA, M3TOTOBIIEHHBIX M3 SKCTpaKTa IIMaHO-
tca naytunucroro Cyanotis arachnoidea C.B. Clarke, n nmokasaiu, 4To COOTHO-
LIEHWE IKAUCTEPOHA K NPYrUM (MUHOPHBIM) OC OBIIO YXYILIEHHBIM — OKOJIO
0,9:1 npu konuuectseHHOM comepxanuu 0,2-2,4 %/0,09-2,49 %. bauskuii Bux,
LIMAaHOTUC JUIMHHOMUCTHBIN Cyanotis longifolia Benth., BbIpallleHHBII B ropiiey-
HOI KyiabType Bo @paHIMM, WMeNl aHAJOTUYHOE KauyeCTBEHHOE COOTHOIICHUE
SKIUCTEpOHA: B Ham3eMHou ¢utoMacce — 1,8:1 (0,095 %/0,052 %), B KOPHIX —
0,63:1 (0,385 %/0,607 %) (76). B uienom u apyrue Buabl u3 ceM. Commelinaceae
U3 €CTeCTBEHHBIX MECT OOWMTAaHUs XapaKTePHU3YIOTCS OTHOCUTEIHLHO TOHWKEH-
HBIM COAEpXXKaHUEM 3KAUCTepoHa B cyxoil ¢utomacce: Cyanotis hirsuta Baker —
0,140 %, Cyanotis kewensis C.B. Clarke — 0,0245 %, Cyanotis longifolia Benth. —
0,008 %, Cyanotis somaliensis C.B. Clarke — 0,111 %, Cyanotis speciosa (L.f.)
Hassk. — 0,093 % (76). Kpome Toro, B KoMMepUecKux skctpakrax Cyanotis B
2021 roay oOGHapyXeHbl MPUMECHU MOJYCUHTETUUECKUX SKIUCTEPOUAOB HEPTSI-
HOTO MPOMCXOXIEHUsI, B3AUMOJIEHUCTBYIOLIUX C peLieNTOpaMM SKAUCTEPOHA B Ka-
YecTBE KOHKYPUPYIOIIUX arOHMCTOB M aHTAarOHWCTOB, YTO MOXKET IPUBECTH K
MHOXECTBY HETaTUBHBIX (hapMaKOJOTMYECKUX M TOKCHUKOJOTMYECKUX TOCea-
CTBUI MpU UX ynoTpebaeHuu (29).

Cpenu nmpyrmx ITOKaszaTelle KadecTBa JIEKApPCTBEHHOTO CHIPhS BaKHBI
CBeIleHNST O HAaKOIUICHWHW B HEM TOKCHMYECKUX COCAMHEHMIT €CTeCTBEHHOTO WU
AHTPOIIOT€HHOTO MTPOUCXOXKICHUSI, BKIIIOYAs TSXKeJIble MEeTaUlbl, PAAUOHYKIMIbI,
xJop U (pochopopraHudeckue coenrHeHus1. Pe3ynbTaThl MepBbIX UCCIeI0BaHUM
Hauyana 1970-X romoB, BBIIOJHEHHBIX METONAMM IIBETHBIX peaklMil, KOTOpbIe
CBUJETEIBCTBOBAIM O HAJIMYMU alKajlouaoB y R. carthamoides, BNOCAENCTBUU HE
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ObUIM nonaTBepxXaeHbI (77). B cOBpeMeHHOM JuTepaTtype HET TakxKe CBEIEHUU O
HAKOIUICHUM 3TUM BUIOM TPUTEPIIEHOBBLIX CAIIOHWHOB, JPYIUX CUJILHOICHCTBY-
IOLIUX, HAPKOTUYECKUX WU SIIOBUTHIX BElECTB, MOTEHUMAJIbHO OMACHBIX IS
300POBbS YEJIOBEKA WM MOTYIIWX MPEACTaBISATh OIMACHOCTD IJISI XKUBOTHBIX IIPU
HCIIOJb30BAaHUM B KAY€CTBE KOpMa U KOPMOBBIX J00aBOK (0ydhaareHoIua0B, cep-
JEUYHBIX TJIMKO3UAOB, apUCTOJOXUEBOM KHUCIOTHI, (OTOCEHCUOMIU3UPYIOLINX,
KYMYJISITUBHBIX WIN PACIUESIUISIONINX BUTAMUHBI BELIECTB U T.11.) (42, 63, 65-67).

W3yyeHne TOKCMYHOCTM Haa3eMHOU yactu R. carthamoides, MCIIONb3Y-
€MOIi B KauecTBe KOPMOBBIX JO0ABOK, yXXe MPOBOAMUJIOCH paHee. B mIuTenbHbIX
OIbITaX ¢ BKJIIOYEHMEM HU3MEJIbYEHHBIX JIUCTheB R. carthamoides B palluOHBI He
O0HapyXuIu HebJaronpusTHoIX 3¢pdekToB. bruia moka3zaHa ux 6e3BpPeIHOCTD B
po3zax go 0,3-0,5 kr cyxoro BellecTBa HaA3eMHOM Macchl. KpbIChI U MNTHUILIBI
MOTJIM TUTAThCSI CEMEHAMM 3TOT0 BUIA, KOTOpble comepxkaiau no 1,5 % skau-
crepoHa (36).

5. XuMH4ecKuii COCTAaB 3KIUCTEPOH-COdEPKAIIei CyOCTAHIMM U3 JIMCTOBBIX OPraHOB
Rhaponticum carthamoides, BbIPAlIEHHBIX B YCJIOBUAX MPOMBIILIEHHO JKCILTYaTH-
pyemoii miantamun (KoTimacckuii p-H ApxaHreiabckoit o6ir., 2016-2020 romsr)
(78)

Iloxazaresnb [ Hopma | ®akTHYeCKH MOMyYeHHbIE 3HAYSHMUS]
IeiicTBytolue BeliecTna, %:

akaucTepoH (20-ruapokcuakan3oH, 20E) >0,1 0,56-0,61
nosist skaucrepoHa ot ®BC > 95,0 95,3-99,6
9KCTPAKTUBHBIC BEIIECTBA > 12,0 50,2
MPOTEUH CHIPOii > 16-19 19-27
KJIETYaTKa ChIpast <23-26 16-19
TspKesble METaJUIbl, MI/KT:
Hg 0,05 0,009-0,016
Cd 0,3 0,020-0,115
As 0,5 0,05
Ni 3,0 0,59-1,30
Pb 5,0 0,18-0,30
Cu 30,0 7,9
Zn 50,0 28,4
Xnop- u pochopopraHudeckre COeNMHEHUsI, MT/KT:
JJT u ero MeTabOIUTBI 0,05 < 0,007
I'’XUTI u ero uaoMepbl 0,05-0,20 < 0,001
MeTadoc 0,00-0,50 He o6napyxen
kap6odoc 2,0-5,0 He o6napyxen
CoennHeHMs a30Ta, MT/KT:
NO2 10,0 0,3-2,0
NO3- 2000 700-1200
Pamnonykimuabl, Bk/Kr:
90Sr 100,0 5,7
137Cs 600,0 4,8

Mpumeuvanue ®OC — duroskaucrepounsl, AT — cymMMa XJ100praHUYecKHUX MecTULNIOB (auxyuopaude-
HUJITPUXJIOPITAH, IUXJIOpANDEeHUIINXI0paTa, puxiaopandennnnmxaopatiied u 1.4.), [XUI — cymma MHBIX
MHCEKTULMAOB (JIMHIAH, TeKCaxJIOPLUKIOTeKCaH, refnTaxjop, KeJbTaH, ajJbIpUH) (IaHHbIC MPEeICTaBICHbI B CO-
OTBETCTBMM C IIPOTOKOJIAMH TECTUPOBaHUsI, cM. http://www,agrobiology).

B ycrmoBuSIX MpOMBIIIJICHHOTO BO3IEIBIBAHNUS MPY CAHUTAPHO-TOKCHUKO-
JIOTMYECKOM OIleHKe 6e30MacHOCTH MPOAYKIINHU TIPUOPUTETHBIM SIBIISICTCSI COOT-
BETCTBUE COACPKAHUS TSIKEIBIX METAUIOB HOPMATUBHBIM TPeOOBaHMSAM. AKTY-
AJIbHOCTh KOHTPOJIS TSDKEJIBIX META/UIOB Y BBICOKOTOPHBIX PAaCTEHMIA CBSI3aHa C
HMX FEHETUYECKOM IPeapacloiOXXEHHOCThIO K HAKOIUIEHUIO PTYTH, KaaMusl, HU-
KeJist, cBUHLA U Menu. [lpu uccnegoBanuu apMakoneilHbIX XapaKTePUCTUK Jie-
KapCTBEHHOTO ChIPbSI U3 JIMCTOBBIX OpraHoB R. carthamoides (78) HaMu yCTaHOB-
JieHo (TabJj1. 5), 4yTo HaA3eMHbIe YacTu R. carthamoides, BblpallleHHbIE U 3aTOTOB-
JICHHBIC B M3y4aeMOIl arpoITOIy/IsSIMi, He HaKaIlJIMBaJIW 3JIEMEHTHI IepBOTO U
BToporo kiacca omacHoctu (Hg, Cd, As, Zn; Ni, Cu, Cr) BbilIe (OHOBOTO
ypoBHS U cooTBercTBoBaM I1JJK g 3eseHOir Macchl MHOTOJICTHUX TpaB. 3a-
MpelIeHHbBIE 110 CAHUTAPHO-TUTMEHUYECKUM CTaHIapTaM XJop- U ¢docdopopra-
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HUYEeCKHNE coequHeHUs B (puTomacce orcyrcTBoBain. ComepaHrue pagrioHYKIH-
108 29Sr u 137Cs 610 Huxe TTIK (68,8 u 6,2 BK/KI B CpaBHEHUM C Pa3peLIEH-
HeiMu 100 1 600 Bk/kr). KonuuecTBo HUTPUTOB HAXOAMIOCH B MPEAeiaX HOPMbI
(0,3-2,0 mr/kr) (cm. Taba. 5).

ITepBbie pe3yabTaThl MAaCCOBOIO MPUMEHEHMSI J0OABOK Ha OCHOBE JIUCTO-
Boro Marepuana R. carthamoides, BbIpallleHHOI B paccMaTpUBaeMOIl arporomny-
JISILUU, OBLUIM TIOJyYeHbl B cBUHOBoAYecKOM KoMIuiekce AO «Kotmacckuit LIBK»
(Apxanresbckas 0071., Poccus) co cpeaHeMeCsTYHBIM ITOroJIoBbeM 1,6 ThIC. IIT.,
JIJIATEIbHOCTh 3KcnepuMeHTa coctanisiia 12 Mec (79). CynmopocHbIM CBUHOMAT-
KaM, TTOpOCITaM-OTheMEIIIIaM 1 OTKOPMOYHOMY TIOTOJIOBBIO B Bo3pacTe 2-4 Mec
€XeIHEBHO CKapMJIMBaY I'PaHyJIMPOBAHHYIO TPaBSIHYIO0 MYKY M3 HaJ3eMHOI Ya-
ctu R. carthamoides 4-to roma xu3Hu B pacuete 20 r/T XXuBoil Macchl. PaivoH
JKMBOTHBIX OBbLT OCHOBAH Ha THUILEBBIX OTXOAAX IPEANPUSTUIl OOILEeCTBEHHOTO
MMUTaHUS ¢ HEOJIArOMONyYHBIM (DUTOCAHUTAPHBIM COCTABOM, YTO COIIPOBOXKIA-
JIOCh OWCIIeTicueil. B mTore mpom3o1nio 03M0poBIeHAE CTaga W CHIDKEHUE Ta-
Jiexka HOBOPOXIEHHBIX TMopocsT B 2,1-2,7 pasa, a aHaboanyeckuit 3(p@ekT BbI-
paswics B YBEJIMYCHMH BBIXOIA IPOAYKIIMU CTana B XMBoil Macce Ha 40,6 %.

HanpHeiue uccieqoBaHUsT BBIMIOJHSIIM B IIJIEMEHHOM CBUHOBOAYECKOM
xo3siictBe AO «3apeube» (KupoBckast 00j1.) B CTpOro KOHTPOJIMPYEMBIX YCIIO-
BUsIX. COIJIaCHO MOJIyYeHHBIM JaHHBIM, TPU BBEACHUM B PallMOH MOPOCIT-OTh-
eMBIlel cyoctaHum 3 R. carthamoides nX XWBas Macca TIPEBBICHIIA TTOKA3aTelb
B KOHTposie Ha 15-22 %, MHTEHCHUBHOCTh CPEIHECYTOUYHOrO IPHUPOCTa MAaCCHI
Tena — Ha 24,0-32,8 %, 3ab01eBaeMOCTh XXMBOTHBIX CHMU3WIACh B 1,6-2,5 pa3a,
coxpaHHocTh coctaBuwiia 100 % (22). ComocTtaBuUMbIe Pe3y/ibTaThl OBUIM IIOJTY-
YEeHbI ¥ B 9KCIEPUMEHTAX C UCMOJAb30BAHUEM XUMUYECKU OUMILIEHHOTO SKAUCTE-
poHa (20-rumpokcusakauzoHa 96 % 4mucToThl), BBIACIECHHOrO U3 R. carthamoide.
AHabonmyeckuii 3(pheKT B 3TOM citydae coctaBwi 12-16 % npu omHOBpeMEHHOM
CHUXeHNM pacxoga KopmoB Ha 11-1 7% wna 1 xr mpupocTta xuBoii maccel (80).

CyMMUpY$1 TOJYYeHHbBIE pe3YJbTaThbl, CAEAYET OTMETUTh, YTO OMOCUHTE3
1 HaKOIUICHUE SKAUCTEpPOHa OBUIM IPSIMO CBSI3aHBI C BETeTaTHUBHBIM pPa3MHOXe-
HUEeM (C MHTEHCHBHOCTBHIO HAapacTaHUS PO3ETOYHBIX IOOETOB IO TOmaM M WX
MOIIHOCTBIO), M OOPaTHO TMPOITOPIMOHAIBHEI MHTEHCUBHOCTH CEMEHHOTO TIIO-
JIOHOIIIeHNs. B3anmMOCBSI3b MEXIy CyMMapHOW BEJIMYMHON HAJA3¢MHON MacChl U
coiepXaHUeM DKIMCTEPOHA B pO3ETOYHBIX Moberax 3a 32 roga KyJIbTUBUPOBAHUS
XapakrepusoBajach KoagduuueHToM aetepmuHanuu R?2 = 0,768 (unmu okoso
80 %) u oTpaxai 3aBUCUMOCTh OMOCHHTE3a Y HAKOILICHUS SKAMCTEPOHA OT pa3-
BUTOCTH BereTaTMBHBbIX M0OeroB. [TpubausuTenbHas olleHKa BaJIOBOTO CUHTE3a U
HAKOIUICHUS SKAMCTEPOHA B ONTHMMAJbHOM 3KCIUIyaTUPYeMOM Bo3pacTe (C 5-ro
mo 32-i1 ronpl) cocTaB/siyia B Haa3eMHol cepe okosio 21,9 Kr/ra exxeroaHo, Wiu
okoJio 600 Kr skaucTepoHa 3a 27 JIeT 3KCIUIyaTaunu. B moasemHoit cdepe co-
Jnepxaioch okojio 2,4 Kr/ra skaucrepoHa. [nsa ¢adbpuyHoro nmpousBoAcTBa Jie-
KapCTBEHHBIX IIperapaToB, IMILIEBbIX A00aBOK M (DUTOOMOTUKOB IIPEANOYTHU-
TeJIBHO MCIIOJB30BaTh PO3ETOYHBIC JINCThSI BET€TATUBHEBIX ITOOETOB, COmepsKallre
Gosbliine KoHueHTpauuu skaucrepoHa (0,4-0,6 % npu Hopmatuse 0,1 %). Ka-
YeCTBEHHBIE XapaKTePHCTUKH JICKAPCTBEHHOTO ChIPhSI, 3aTOTOBJICHHOTO B OITH-
MaJibHyl0 a3y pa3BuTusl (Hayase OyTOHM3alMu) ObUIM BBHICOKMUMM M COOTBET-
CTBOBaJIM TPeOOBAHUSM IS M3TOTOBJICHUS (hapMIpenapaTtoB ¢ OTHOCUTEIbHOMN
yucTOTOM 3KAUCTepoHa 97 %. Ilog3eMHble YyacTu (KOPHU C KOPHEBUIIAMU) HE
HAaKaIlJIMBaJlM 3HAYMMBIX KOHILEHTpaLuii sxauctepoHa (B cpeaHeM 0,03-0,05 %)
U MOIJIM OBICTPO TEPSITh JEHCTBYIOLIME BELIECTBA BCIACACTBME MHMULIMPOBAHUS
MoyBeHHOI MuUKpodopoil. CeMeHHass MPOAYKTMBHOCTh BO3pacTaja Mo rojaam
(8-30 xr/ra) u gocTHrajao nuka Ha 6-it u 7-if rogsl (108 w 78 Kr/ra), CHIXKasICh
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B craporeHepaTuBHOM Bospacte (8-10-i1 romel) cooTBeTcTBeHHO 10 50, 26 u
5 kr/ra. B cyoceHwnbHbIi Tiepuon (¢ 13-ro mo 32-i1 Ton XU3HU U Aajiee) TUIT
Pa3MHOXEHMST MEHSIICSI C CEMCHHOTO Ha BETeTATWBHBIA W TIPOAYKIIAS CEMSH
uMmesa KpaliHe Hu3kue 3HayeHus (1,3 kr/ra ¢ KoapULUUEHTOM CEMEHHOTO pa3-
MHOXeHus 3,3). YcpenHeHHOe 3HaYeHUe MacChl KOpHE ¢ KOpHEBUILAMU € 5-TO
1o 32-i ron XWU3HHU COCTaBIIsUIO 246,3 r/pacTeHue, YTO HECKOJIBKO BBIILIIE Cpel-
Hero 3HaueHUsl (puToMacchl Haa3eMHBIX yacTeit — 223,4 r/pacTeHue.

W13 cybcraHuMit HA OCHOBE JIMCTOBOTO MaTepuania R. carthamoides sxau-
CTEPOH XOPOILO SKCTPArMpoBaJICSl B BOAHBIE M CIIUPTOBBIE PACTBOPHI U XOPOILIO
COXpaHsIach B HUX 0e3 KoHcepBaHTOB (Ha 93-98 % Teuenme 1 cyT). CyMMapHBIit
BBIXOJIl 3KCTPaKTUBHBIX BelecTB cocTaBisut 50,2 % (mpu HopMme 12,0 %). B 6uo-
TeCTax IKCTPaKT obsagan CTUMYJIMPYIOIIMM ACHCTBUEM MPU CUJIBHOM pas3Bejie-
Huu (1079-10-11 M B pacyeTe Ha SKAMCTEPOH) U MHTMOMPYIOLIMM — IIPU MEHb-
meM (100-kpatHoM) passenenun (1074-10-5 M) (78).

B nanpHeieM ciaenyeT U3yYUTh BIMSIHUE KPAaTHOCTU U MEPUOIUYHOCTH
YKOCOB (BEJIMUYMHBI OTUYKAAEMOM HaA3eMHOM Macchl) Ha ()OPMUPOBAHUE U CO-
OTHOLIEHMWE BEreTaTMBHBIX M T'€HEePaTUBHBIX MOOETrOB JieB3er cadIoOpOBUIHOM, a
TaKkKe BO3MOXHOCTBh BO3JEHCTBOBATH Ha IIPOIIECC CHHTE3a SKOMNCTEpOHA Uepe3
NpUMEHEeHNWe YI0OpeHUi, (UTOrOPMOHOB U 3JIMCUTOPOB.

Wrak, B pesynbraTte 32-JI€THUX UCCAENOBAHUI arpononyasuuu Rhaponti-
cum carthamoides, KylbTUBHApPYyeMOll B ApxaHreabckoil obmactu ¢ 1989 mo 2022
TOJl 1O TEXHOJIOTMM €XErOJHOTO OJHOKPATHOIO OTYYXXACHUS Ham3eMHoUl (uto-
Macchl, OBIJIO YCTAHOBJIEHO, YTO TPHUPOIHO-KIMMAaTUUeCKue ycioBus EBporreii-
ckoro CeBepo-Bocroka, xapakTepu3yoliuecs NpoxJagHbiM KIMMAaTOM, POMbIB-
HBIM TUIIOM BOIHOTO peXWMa, IJTMHHBIM CBETOBBIM THEM U KOPOTKWUM BereTa-
LIMOHHBIM MTEPUOIOM, OJIarONPUSTHBI AT MPOMBIIIUIEHHOTO BhIpallliBaHUsI JI€B3EU
cadopoBUIHOMN. JMUTEILHOCT OHTOTeHE3a arpoIoITy Iy Obla 6JIM3Ka K Ima-
pamMeTpaM IPUPOIHBIX MOMYJISLIMI Ha CyOaTbIMMICKMX JIyTaX W COCTaBIsUIa CBBIIIIE
30 yreT 6e3 Trepexoaa K CEHUILHOMY BO3PACTHOMY COCTOSTHUIO Ha 33-i TOI SKU3HM.
[l1oTHOCTD pacTeHHWii B arpoleHo3¢ AOCTUTaja ONTHMAJIbHBIX 3HAYeHM 28-
23 TeIC. 1IT/ra, HauMHas ¢ 3-4-ro roma XW3HU. B yciaoBusIX arpornomnyasiliuu B
nepBble 4 rona 1ieJ MHTEHCUBHBIN POCT U pa3BUTUE pacTeHUi, Ha 5-ii roa (rmocje
repexojia B reHepaTHBHbBINA MEPUOI) HAYMHAIOCh CEMEHHOE Pa3MHOXEHHE OCO-
oeit. CpegHeromoBasl pacyeTHasl IMPOAYKTUBHOCTh HAA3€MHOI 4acTW arpoIlony-
JISUMM B MEPUOI YCTOMUYMBOTO MPOAYLIMPOBAHUSI HAaA3eMHON (hUTOMACChI C BbI-
COKMM YPOBHEM OMOCHHTE3a 3KAUCTEpPOHa (C 5-ro mo 32-ii roabl XU3HU) COCTa-
Bmwia okono 5300 kr/ra, momzemHoir — okoso 6100 kr/ra. C HakoIIeHHMEM
HanO0OJIbLIEro KOJUUeCTBa SKAUCTEPOHA B BereTaTuBHbIX oberax R. carthamoides
(0,56-0,64 %) coyeraauch Takue HapaMeTpbl, KaK MaKCUMajibHasl JJMHA PO3e-
TOYHBIX JTUCThEB (97-119 cM), MakcUMaJIbHAasI 10J11 PO3ETOUHBIX JJUCThEB B CTPYK-
type dutomaccel (91-94 %), MMHUMAJIbLHOE YMCJIO ILIOAOHOCSIIUX COLIBETHI
(0,016-0,021 mT/pacteHne), cyMMapHas BeJIMUMHA HAA3eMHON (hUTOMAacChl BMe-
cTe ¢ reHepaTUBHBIMU Moberamu — 270-320 r (BbllIE cpeaHell BeMUYUHBI 223 T
Ha 20-40 %). DKAMCTEPOH U3 JIMCTOBBIX OPTraHOB XOPOIIO 3KCTPAarupoBajics B
BOIHBIC W CITMPTOBBIE PACTBOPHI Oe3 MOTepU AEMCTBYIOIINX BelIecTB (IIpU Xpa-
HEHUM BOIHOrO 3KCTpakTa B TeueHMEe 1 CYT COXpaHHOCTb 3KIUCTepoHa — 93-
98 %). CymMMapHBIIA BBIXOJ 3KCTPAKTUBHBIX BEILIECTB W3 JIMCTHEB COCTABIISII
50,2 % npu HopmatuBe 12,0 %. [TomydyeHHOE JIeKapCTBEHHOE ChIPhE YIOBJIETBO-
pSTO BceM HOPMATHMBHBIM TPeOOBaHUSIM HAO30pHBIX OPTaHOB TI0 COAEPKAHUIO
PaIVOHYKIHIOB, TSXKEJBIX METa/UIOB, OCTAaTKOB TepOMIIMIOB, MHCEKTHIIUIOB U
MHBIX XUMMYECKMX CPEACTB 3alllUThl pacTeHuit. [IpruMeHeHre cyOCTaHLIMU U3 JIU-
cToBOro Marepuana R. carthamoides B IpOMBIIIUIEHHOM >XKWBOTHOBOJICTBE COITPO-
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BOXIAJI0Ch O3I0POBIIEHEM CTala U CHIDKEHHEM CMEPTHOCTU MOJIOIHSIKA CBUHEIA
B 2 1 Oosiee pa3, BO3pacTaHMEM MHTEHCHMBHOCTH CPEIHECYTOUHOTO MPUPOCTa Ha
24-33 %, cHUXeHueM pacxoga KopMmoB Ha 11-17 %.
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Abstract

In 2021, the global market for ecdysterone-containing substances amounted to $100 billion
and is expected to grow significantly in the next 5 years. The aboveground and underground parts of
Rhaponticum carthamoides (Willd.) Iliin are primarily suitable to obtain ecdysterone-containing prod-
ucts of pharmaceutical quality. However, both in Russia and abroad, common technologies for R. car-
thamoides cultivation and study are not focused on the quality of the medicinal raw materials. In this
paper, we have implemented for the first time an alternative technology for the production of ecdys-
terone-containing substance from the leaf parts of R. carthamoides. The technology is simple and can
be scaled up in agropopulations of the Northern European Russia and meets the key requirements for
industrial raw materials and end ecdysterone products set by international experts. Our goal was to
summarize 32 years of experience in growing R. carthamoides on a plantation located in the European
Northeast of Russia (Arkhangelsk Province). We assessed the potential for longevity and productivity
of the agricultural population by life cycle stages and age, the regularities of ecdysterone accumulation
in annually harvested aboveground plant parts, and the quality of obtained plant raw material for the
content of standardized substances. The study was performed in the southeast of the Arkhangelsk
Province (the Middle Taiga subzone, Kotlass District; 61°20”"N, 47°E) in an agropopulation of R. car-
thamoides (the field area of 1 ha) in 1989-2022. The seeds obtained from the Botanical Garden of the
Komi Scientific Center, UB RAS (Syktyvkar) were initially originated from the Altai natural population
(first collected in 1956). Autumn sowing was performed in mid-October after the beginning of autumn
frosts (row spacing of 70 c¢cm, seed embedding depth of 2-3 cm, seed rate of 2.7 kg/ha; 58 % field
germination of seeds). Mineral fertilizers (NPKe0-90) were applied during the first three years after
sowing followed by organic farming without use of mineral and organic fertilizers, chemical pesticides,
and plant growth regulators. The aboveground parts were annually harvested during budding. A set of
population, agrochemical, morphoanatomical, biochemical and statistical methods were used to asses
parameters of the plant population (age states in ontogenesis, population density, gross production of
above-ground and under-ground organs, seed yield) and individual plants (growth, development, mor-
phological structure, productivity of roots, leaves, and seeds). Samples were collected at optimal phases
of plant development, the aboveground phytomass during budding (I-11 decade of June), rhizomes in
autumn, after the end of vegetation (October), or in early spring, before the beginning of vegetation
(April). Shortened vegetative (rosette) and stem generative (reproductive) shoots with inflorescences
were morphologically heterogeneous organs separated in the aboveground part. Industrial harvesting of
plant raw materials was carried out in late May-early June, during budding. Plant material (organs,
elements and fractions) was dried at 23-25 to 35-40 °C and relative humidity of 25-40 % in accordance
with the procedure for harvesting and drying medicinal raw materials. The samples of air-dry raw
materials for further determination of the content of primary and secondary metabolites were formed
by quartering method. The amount of ecdysterone in dry samples was determined by reverse phase
high performance liquid chromatography with the internal standards (a liquid microcolumn chromato-
graph Milichrom-5, column 80%2 mm, Nucleosil C18 sorbent with a particle size of 5 um; LLC
«Medicant», Russia). Potentially dangerous substances were also assessed. Duration of agropopulation
ontogenesis was close to parameters of natural populations in subalpine meadows and is more than
30 years without transition to senile age on the 33rd year of life, plant density reached optimum values
of 28-23 thousand pcs/ha, starting from the 3-4 years of life. Diseases and pests did not affect vegetative
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aboveground mass and roots with rhizomes. The average root mass with rhizomes during the period of
relatively stable mass production (from the 5th to the 32nd year of life) was 246.3 g/plant, aboveground
mass was 223.4 g/plant. Calculated annual productivity of the agropopulation during the same period
averaged approximately 5300 kg/ha for aboveground parts, and approximately 6100 kg/ha for under-
ground parts. Vegetative type of reproduction was most pronounced for subsenile age state (from the
13th to the 32nd year and onwards), when seed production was extremely low, 1.3 kg/ha. The seed
type of reproduction was characteristic of the generative period from years 4-5 (8-30 kg/ha) with a
peak during years 6-7 (108 and 78 kg/ha). In general, the percent of generative shoots in total plant
biomass was insignificant throughout the life cycle. Ecdysterone biosynthesis and accumulation in the
leaves of rosellate shoots were directly related to vegetative reproduction, namely to the aboveground
mass value (R2 = 0,768, or close to 80 %). More than 90 % of annually synthesized ecdysterone (22
kg/ha) was concentrated in the aboveground part of plants at optimal harvesting age (from year 5 to
year 32), or about 600 kg of ecdysterone for 27 years of operation. Qualitative indicators of medicinal
raw materials from leaves of R. carthamoides were high and met the requirements for the manufac-
ture of pharmaceuticals with a relative purity of ecdysterone 97 %. The plant material met all the
regulatory requirements of the supervisory authorities. The levels of heavy metals (Hg, Cd, As, Zn;
Ni, Cu, Cr) did no exceeded the permissible level, there were no prohibited organochlorine and
phosphorus compounds, the content of radionuclides %9Sr and !37Cs and nitrites were below the
permissible limit. Ecdysterone from the dried flour of the R. carthamoides leaves was well extracted
into aqueous and alcohol solutions and was well preserved (up to 93-98 % within 24 hours) without
preservatives. Its use significantly improved animal health (a 1.6-2.5-fold decrease in mortality), had
an anabolic and economic effects (i.e., a 24-33 % higher daily weight gain and a decrease in feed
consumption by 11-17 %).

Keywords: phytoecdysteroids, 20-hydroxyecdysone, Rhaponticum carthamoides, Leuzea saf-
flower, maral root, feed additives, anabolic substances.
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