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BBEJIEHUE
Hanomarepuanbl — HaHOYACTUIIBI M HAaHOKOMIIO3UTHI pazmepoMm MeHee 100 HM,
00Ja1at0T YHUKAIBHBIMUA (PU3UKO-XUMUYECKUMHU CBOWCTBAMH 10 CPABHEHHIO C UX
MaKpOpa3MEPHBIMA AHAJIOraMU W HAXOAAT IIMPOKOE MPUMEHEHHE B Pa3IMYHBIX
00J1aCTAX MPOMBILIIEHHOCTH U MEAULIMHEL. B cenbCKOM X0341CTBE HAHOMATEPHAIIBI
UCTIOJB3YIOT HanboJiee YacTo Kak HaHOMECTUIUABl U HaHOYA0OpeHus. B kauecTse
NECTUUMIAOB HaHoMmaTepuaibl 3(Q(QEeKTUBHBI Oylarojapss HHU3KOH paboueit
KOHUEHTpPAlMd M BBICOKOW aHTHUMHKPOOHON AaKTMBHOCTM MHOTMX HAHOYACTHIL
MeTaiioB. Pa3paborka ynobOpeHuit B HaHO(DOpME MO3BOJISIET CHU3UTH PACXOJIbl
LEHHBIX MUHEPAJIbHBIX KOMIIOHEHTOB JUIsl CEJIbCKOro Xo03aicTBa. OJHAKO Ba)KHO
YUUTHIBATh U BO3MOXKHYIO TOKCHUYHOCTh HaHOMAaTEPHAJIOB MPU UCIOJIb30BAaHUU B
IPOMBIIIIEHHBIX MaclITabax — MaJeHbKUE pa3Mepbl HAHOUYACTHUL] 00YCIOBIUBAIOT
UX BBICOKYIO NMPOHUKAIOIIYIO CIIOCOOHOCTh, ONMACHOCTh MUTPALIUU IO TOJI36MHBIM
BOJIaM, aKKYMYJISIIMIO B MUIIEBBIX Iensax. s mpenoTBpamieHus: 3KOJI0THYecKon
KatacTpodbl MPOBOAST IIMPOKUE UCCIENOBAHUA 1O  BIUSHUIO  HOBBIX
HAHOMATEPHUAJIOB JUIsl CEJIbCKOTO XO3SCTBA HA pPACTUTENIbHBbIE U >KUBOTHBIC
OpraHu3Mbl, TOYBEHHO-IKOJIOTHYECKUE XapakTepucTuku. Hanbosnee 6e30nmacHbIM C
DKOJIOTMYECKON TOYKM 3PEHMS SBIISIETCS HCIIOJIIB30BAHWE HAHOMATEPUAJIOB JUIS
OpEeaNOoCeBHON 00pabOTKU CEeMSH JUIsl MPOTPaBIMBaHUS OT BpeaUTENIed W IS
YCKOpPEHMsI mpopacTaHus. B KkauecTBe HAHONECTULIHMIOB YacTO HCIOJIb3YIOT
HAHOYACTHIIBl METAIOB, TaKUX Kak cepedpo, meab, MUHK. OCOOEHHO MIMPOKO
BCTPEYAIOTCS B KOMMEPUYECKHX IMpernaparax HaHOYACTHIBI cepebpa, Tak Kak
cepeOpo M B HaHO- U B MakpopopMmMe MPOSBISET BBICOKME AHTUMHUKPOOHBIE,
(GyHTUIIUIHBIE W TIPOTUBOBHPYCHBIE CBOMCTBA. OMHAKO Ba)XKHO YYHUTHIBATH, UYTO
HAHOYACTHULIBl JOJDKHBI HE TOJBKO 3(PQPEKTHUBHO YHUYTOXKATh MATOTCHHYIO
MUKpO(IIOpY C MOBEPXHOCTH CEMSIH, HO M HE CHIXKAaTh BCX0XKeCTh. HaHOUacTHIIBI,
NOJIyYEHHBIE C MCIOJIb30BAHUEM PA3JIUYHBIX METOAOB, UMEIOT pa3Hble (PHU3HKO-
XUMHUYECKUE XapaKTEPUCTUKH, MOTOMY HEOOXOJIMMO W3YYEHUE HUX BIUSHHS Ha
IpopacTaHue OMNPENEICHHBIX KYJIbTYp [UJIsl BBISBICHUS COPTOCIEHH(PUUECKON

pEaKnuu. HOBTOMY HU3Y4YCHUC BJIHUAHHA HAHOYACTHUL, IOJIYUCHHBIX C IMOMOLIBIO



HKOJOTMUYHOTO  METOJla  «3€JEHOr0» CHHTE€3a, Ha MPOpacTaHue CEeMSH
CEICKOXO3SUCTBEHHBIX KYJIBTYp akTyajdbHO. Hayunas HOBHM3HA 0O0yClIOBIEHA
MOJIyYeHHEM HAaHOYACTHI[ cepebpa 1Mo MoAu(UIMPOBAHHOMY HaMU MPOTOKOIY U
U3yuyeHHUeM ux cBOMCTB. COOTBETCTBEHHO, 1I€JIbIO MCCIIEIOBaHUsl ObLIO MOJYYUTh
HAHOYACTHIIBI cepedpa METOIOM «3EJIEHOIO» CHHTE€3a C HCIOJIb30BAaHUEM
JIEKAPCTBEHHBIX PACTEHUM W U3YYUTh UX BIUSHUE HAa NPOpPACTaHUE CEMSH
cenpaepess KOPHEBOTO.

JUIst TOCTHKEHMSI MOCTABICHHOW LENH HEOOXOAMMO OBbLIO PELIUTh CIIEAYIOLIUE
3a7a4u:

1. IlpoBecTu «3eNeHBIN» CHUHTE3 HAHOUYACTHI[ cepedpa C HCIOJIb30BAHUEM
AKCTPAKTOB JIEKAPCTBEHHBIX PACTEHUH.

2. V3yuuThb BIUSHHUE SKCMO3UIIUA 00pabOTKH CYCTIEH3UEN HaHOUYACTHUIl cepedpa Ha

3 PEeKTUBHOCTD MPOPACTAHUS CEMSIH CelbJIepes KOPHEBOTO.



OB30P JIUTEPATYPBI
Hanouactuubl. HanodacTuiel — 370 Menpyaiiliie 4acTHIBI pa3MepoM He Ooliee
100 um (puc. 1). ODHMM U3 KIIOYEBBIX CBOMCTB, Jejalollee HaHOMAaTEpPHAIIbI
VHUKQJIBHBIMA ~ JIEHCTBYIONMMH BEIIECTBAMHM, SIBISETCA OoibInas yaenbHas

momaab IMOBCPXHOCTH, 3TO IIPUBOAUT K BBICOKON aKTUBHOCTHU HaHOMAaTCpHUaIOB

JaKC B OUCHb HU3KUX KOHIOCHTpPALUAX.
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Puc. 1 — U306paxkenre HaHOUYACTHUIIBI cepedpa, MOJTYyYEHHOE C TTOMOIIbIO

TPAHCMHUCCUOHHOM AJIeKTPpOHHON Mukpockonuu (I"abpuensin, TpuyHnsiH, 2020)

MeToabl MOJYy4YeHHsSI HAHOYACTHI. «3ejleHbli» CHHTe3 HAHOYACTHII.
HaHowacTWIIBI MOXXHO TOJYYHUTh C TIOMOINBIO (PU3UYECKHX, XHUMHUYCCKHX,
MEXaHUYECKUX METOJOB W TOMOIIBIO METOJa «3€JIEHOTO» cHuHTe3a. [lo Tumy
(dopMUpOBaHUST HAHOCTPYKTYP MOXHO Pa3AeiUTh METOJbI MOJYYCHUS Ha METOI
“cBepXy BHHM3”, OCHOBAaHHBII Ha COOpPKE HAHOYACTHUIl U3 OTICIBbHBIX aTOMOB, W
METOJ| “CHU3Y BBEPX ’, 3aKIIOYAIONINICS B IPOOJICHUH YaCTHII 10 HAHOPa3MEPOB.
3avactyio (U3MYECKHE M XUMHUYECKHE METOJIbI TPEOYIOT OCOOBIX YCIOBUN IS
NIPOBENICHUSI PEAKIIMil — BBICOKUX TEMIEpaTyp W JaBJICHUS, JOPOTOCTOSIIHUX U
TOKCUYHBIX KaTaJIM3aTOPOB, MOATOMY ObLI pa3paboTaH 60Jee IKOJIOTUIHBIA METO]T
MOJTYYEHUS] HAHOYACTHI] C TIOMOIIBI0 META0OJIUTOB OMOJIOTHISCKUX 00BEKTOB. J[7s
ATOTO METOJbl HCIONB3YIOT TpUOHBIE, OaKkTepualdbHbiE W PACTUTEIHHBIC

MeTaboautel (Makapos ¢ coaBrt., 2014) (puc. 2).



Hosa! crvava

—
Puc. 2 - Cxema 00pa3oBaHus HAHOYACTHUI] METAIIOB C UCIIOJIb30BAaHUEM
pacTUTENbHBIX FKCTPakTOB (MakapoB ¢ coaBT., 2014).

«3eneHbpIe» HAHOYACTHUIBI cepedpa SBISIOTCS OMHUMH M3 CaMbIX TPOCTHIX B
nonydenuu (Khan et al., 2020; Alshehri and Malik, 2020). Jlns 3emenoro cuHTe3a
HAHOYACTHUIl cepedpa HEOOXOJUM pacTBOP HOHOB cepedpa, Kak MpaBuUiIo,
UCIIOJIB3YIOT HHUTpAT cepedpa W BOCCTAHABIMBAIONINN OWOJIOTHYECKUN arcHT.
Camplii NpPOCTOM M HENOPOTOM METOJ TMOJYyYEHUS - BOCCTAHOBJIEHHUE U
cTabuIM3aIus HOHOB cepedpa ¢ MOMOIILI0 CMECH OUOJIOTUUECKUX MOJIEKYJI, TAKUX
KaK IMOJIMCcaxapy/Ibl, BATAMHHBI, aMUHOKHUCIIOTHI, OelkH, (DeHOIbHBIC COSTUHEHUS,
CallOHMHBI, ankajmouabl U TepreHouasl (Tolaymat et d., 2010). Otu coenuHeHus
IPUCYTCTBYIOT MPAKTUYECKH BO BCEX PACTEHHUAX, OJJHAKO BaXKHA M KOHIIEHTPALIUS
JAHHBIX TPy META00JMTOB, OATOMY HEOOXOJIMMO M3y4aTh XUMUYECKUNA COCTAB
PaCTUTEIBHOTO O0BEKTA, KOTOPBIN MpeAnoIaraeTcsi UCIOIb30BaTh JIJIS «3€JIECHOT0)

CUHTE3a U BHIOMPATh pacTeHus: HauboJiee OoraThie BTOPUYHBIMA META0OTUTAMH.
B3aumojeiicTBMe HAHOYACTHI ¢ KJIETKAMM MHUKPOOPTraHU3MOB M MeXaHHU3MbI
NMPOTUBOMUKPOOHOIO /IeiicTBUSI HAHOYACTHII.

HanowacTuipl MHOTHX METAUNIOB TPOSBISIOT AHTUMHUKPOOHBIE CBOICTBA.

MeTtaniuueckue HaHO4YaCTHUIbl CHUJIBHO HU3MCHIIIOT MEeTa00IM3M 63KTepI/IaJII)HBIX



KJIETOK, YTO IIO3BOJISIET AaKTUBHO HWCIOJB30BaTh WX B JICUCHHH WHOEKIUH,
BBI3BaHHBIX OakTepusimu. Kpome toro, cepedbpo B HaHO(DOpME, MOKET TPOHUKATH B
OMOIUIEHKH MHUKpPOOPTaHU3MOB M MpPEAOoTBpaIiarh Ux (pOpMUPOBAHHE, TOJABISS
AKCIIPECCHIO TE€HOB MUKpoopranm3mMoB (Zhao et al., 2015).

Marnelie pa3mMepbl HAHOYACTHUIL MMPUBOJIST K BEICOKOW aHTUMUKPOOHON aKTUBHOCTHU
(Zhao et al., 2015). HanogacTuisl MeIKuX pa3Mepos - cepedpo (5, 9, 10, 12 u 13,5
HM), 30510TO (8,4 HM), okcuaa nuHka (12 HM) u okcuma tutana (12 u 17 HM)
00J1a/1al0T BBICOKOW aHTUMHUKpOOHOW akTmBHOCTHIO (Savin et a., 2017). Ilocne
IPOHUKHOBEHUSI B OaKTEPHANBbHYIO KJIETKY HAHOYACTHIIBI MOTYT pa3phbIBaTh
MEMOpaHBl OpTaHeill, BMENIMBATHCI B META0OMWYECKUE IyTH, HW3MEHSTh
KOH(UTYpanuio OEJIKOB, HMHIYIIUPOBATh OKHCIUTEIBHBI CTpEecC W BOJHO-
ANIEKTPOJUTHBIM NHCOATaHC, a TaKXKE U3MEHATh YPOBHH SKCIPECCHH T'€HOB, YTO

4acTo MPUBOAMT K rrbenu kietok (puc. 3) (Xu et a., 2016).
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Puc. 3 - CxeMa B3auMOJICCTBYS HAHOYACTHI] C KJIETKAMU MUKPOOPTaHMU3MOB Ha

IMPpUMEPC HAHOYACTUIT HUKCIIA.



XUMHYECKUH COCTAB JIEKAPCTBEHHbIX PACTCHUH.

PacTenusi HakarmMBalOT IAPOKHHA CIEKTP BEIICCTB NMEPBHYHOTO W BTOPHYHOTO
meTabonmm3ma. B memuimae u papmarieBTUKE UCTOIB3YIOTCS MPEHMYIIECTBEHHO
BTOPUYHBIE METAOOJIHMTHl PACTEHUH — OHU OTBEYAIOT 3a IPOTUBOMHKPOOHBIC,
IPOTUBOBUPYCHBIC, IPOTUBOPAKOBBIC U JpP. CBOWCTBA.

Kopuu ropuunrnka Mopucona (Radices Peucedani morisonii) comepxar 3dupHoe
Maclio, TepPIeHOWAb W KyMmapuHbl; KopHu cononku (Radicies Glycyrrhizae) -
TIUIUPPU3UH (KAIUEBYI0 W KAIBIHUEBYIO COJIb TIUIMPPU3HHOBOW KHUCIIOTHI),
(1aBOHOUIBI (JINKBUPUTHUH, U30JIMKBUPUTHUH, JIAKPU3U]T), ACKOPOUHOBYIO KHCIIOTY,
adupHOE Macio, KaMeau, cMojbl; kopHu keHblneHs (Radices Ginseng) Goratsr
TPUTEPIICHOBBIMU TJIMKO3UJAMH — [IAHAKCO3HMJIaMH, COJIEpKaT HEOOJbIIUe
KOJIM4eCcTBa A(UPHOTO Macia, KHPHbIC Macia, CMOJIbI, I[BETKH BACHJIbKA CHHETO
(Flores Centaureae cyani) MCTOYHHMK TJIMKO3UIOB (DIAaBOHOMIIOB, TEPICHOMIBI,
BUTAMUHBI, aJIKAJIOWJbl, IIBETKU HOTOoTKOB JsekapcTBeHHBIX (Flores Calendulae
officinalis) comepxaT BBICOKME KOHIICHTpAIlMK KapoTuHOUIoB (1o 3%) —
KapoTHHA, pyOUKCaHTHHA, TUKOIMHA U JIP., BRICYIIICHHBIE HAJ3EMHBIC YaCTH I'epaHu
ayrooii (Geranium pratense L.) Oorara TpUTEPIEHOBBLIMH TJIMKO3HIaMHU,
dbenonkapOOHOBBIMH KHUCTIOTaMU W (uiaBoHOMAamMu. Takum oOpa3oM, JTaHHbBIE
pacTeHmsi  Oorarble  pasIUYHBIMH  TPYNIIaMHA  BTOPUYHBIX  METaOOJHMTOB
NIEPCIIEKTHBHO KCIIOIH30BaTh ISl MMOJIYYCHUS HAHOYACTHI[ METAUIOB B Ka4eCTBE

BOCCTAaHAaBJINBAIOIINX arCHTOB.



METO/IbI UCJIEAOBAHUA

MecTo npoBeeHUS IKCHEPUMEHTOB. OKCIEPUMEHTHl M0 MOJYyYECHUIO
«3€JIEHbIX» HAHOYACTUI[ M H3YYCHHIO HX OHOJOTHYECKOW AaKTUBHOCTH OBLIH
MpOBEICHBI Ha Kadeape OMOTEXHOJIOTHH WHCTUTYTa arpoouorexHosoruii PIAY -
MCXA wumenu K.A. TumupszeBa mon pyKOBOACTBOM JOLEHTa Kadeapbl
Yepenunuenko Muxamna HOppeBuya u crapuiero mnpenojaBateis Kadeapsl
XneOuukoBoil lapps AHaTtonbeBHBI. Bee aTambl skcriepuMenTa ObUTH BBITIOTHEHBI
aBTOPOM JIMYHO, JaHHble 00paboTaHbl M MaTepuan pabdOThl HAMKUCAH I0A
PYKOBOJICTBOM IpenoaaBaTeneil kadeapbl OMOTEXHOIOTUH.

PactutenbHbIii MaTepuaJ Il TNPUIOTOBJIEHHMS 3JKCTPAKTOB. Jlns
[PUTOTOBJICHMUS BOJIHBIX pacTUTEIbHBIX AKCTPAKTOB UCIIOJIb30BAIN
(papMaKkoIeNHBIN penapar — KOpHU FOpUYHUKA MOPHCOHA, U BBICYILIEHHOE ChIPbE
(papMaKOIEHHBIX PACTEHUH - KOPHU COJIOAKH, KOPHHU YKEHBIIIECHS, LIBETKH BaCHJIbKa
CHUHET0, LBETKM HOTOTKOB JIEKAPCTBEHHBIX M BBICYIIEHHBIE HAA3€MHBIE YacTU
repaHu JyrOBOU.

XpaHeHHe cyclieH3Mu HaHo4YacTHI cepedpa. [locie npoBeneHus 3e1€HOro
CHUHTE3a CYCIIEH3UMM HAHOYACTHIl MEPEHOCWIM B IUIACTUKOBBIE MPOOUPKH THUIA
«DanbKoH» 1O 15 MJI B KaXKIyI0 U XpaHUIM MOPO3WIIBHOM KaMepe IpU TeMIleparype
munyc 18°C. Ilepen ucnonb30BaHUEM CYCHEH3HMIO Pa3MOPAKUBAIU HA BOISHOU

6ane npu temriepatype S0°C (puc.4).

>

Puc 4 - PazmopaxknBaHu€ CYCIIEH3UM HAHOYACTHI] HA BOJSHON OaHe



PacTurenbHbIli  MaTepuajg JAJA  OompedesieHHMs  OMOJIOTMYeCKOM
AKTMBHOCTH CYCIIEH3WM HaHOYacTHI cepeOpa. [lns omnpeneneHus BIHASHUSA
CYCIIEH3MM HAHOYACTHIl cepebpa Ha IMpopacTaHuWEe CEMSH HCIIOJIb30BaJl CEMEeHa
cenpaepest kopHeBoro coprta [Ipaxkckuit rurant (OO0 Arpodupma «ADJIUTAY).

OOpa0oTka ceMsiH cejbJepes CyCHEH3Well HAHOYACTHML W y4eT
3¢pdexkTUBHOCTH NpopacTaHusi. B crexnsHHBIE coCylabl noMemanua 15
CyCIIEH3MU HAHOYACTHI] cepedpa U oOpabaThiBald Ha YJIbTPA3BYKOBOW BaHHE B
TeueHue 20 MUHYT JJIs1 TOCTUXKEHUSI OOJIbIIIEeH OJTHOPOTHOCTH CYCIIEH3UHU. 3aTEM B
cycneH3uto jgoOapmsuin 40 ceMsiH cenpiepess M CTaBWIM COCYJbl B IIEHKep-
uHKyOaTop ¢ Temmeparypoit 22°C u ckopocThto BpaieHus 80 000pOTOB B MUHYTY.
[Tocne ucreuenust Bpemenu (1, 2, 3, 4 yaca) cocy/bl JAOCTaBaIu U3 IIEeHKepa U
ceMeHa nepeHocunu B yaniku [letpu ¢ punbrpoBanbHoit Oymaroit nmo 10 cemsH B
yamiky, cMauuBasid 4 mil BoJbl. [IoBTOpHOCTH ombiTa 4-xKpaTHas (4 Yallkyd Ha
BapuaHT oOpaborku). Yamku Iletpu mnepeHocwsin B CBETOBYIO KOMHATy, T/i€
NOJI/IEPKUBAIMCH TIOCTOSTHHBIE YCIIOBHUS — CBETOBOM pexuM 16 yacoB cBet / 8 4acos
TeMHOTa, TeMmreparypa 214+2°C, UCTOYHUKH OCBELICHHS — JIOMHHECLECHTHBIC
Jammbl. 3a mpopacTaHueM ceMsH HaOmonanu B TedeHue 18 cyrok. B kauectse
KOHTPOJISL UCIIOJIb30BAJIM 00pabOTKYy CeMsiH AUCTUUIMPOBAHHOM BOJIOI B T€UEHHE
3aJIaHHOI0 KOJIMYECTBA BPEMEHU.

Cratucrtudyeckasas  oOpaGorka  gaHHbIX. [lonydeHHble — JaHHBIE
obpabareiBanu B nporpammuom makere Microsoft Office Excel. [{ns BwisBiacHUS
CTaTUCTUYECKA 3HAYMMBIX pa3IMuUid MEXJIy BapUaHTAMHU HCIOJIb30BaIU
WHTEPBATBHBIM METON C y4eTtoM 95-%Horo ypoBHs 3HaunMocTu. Ha rpaduxax
OpUBEJICHbl JaHHbIE B BHUJAE CpEIHEro apu(METUYECKOr0 + TOBEPUTEIbHBIN

UHTEpBAJL.
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PE3VJIbTATBI 1 OBCYXIEHWA
IIpoBeneHue «3ej1eHOr0» CHHTE3a HAHOYACTHIl cepedpa ¢ HCNOJb30BAHUEM
BO/JIHBIX IKCTPAKTOB JIEKAPCTBEHHbIX PACTEHNH.
JIyist mpoBeZIeHUST «3€JICHOT0» CHHTE3a HAHOYACTHI] cepedpa 3a OCHOBY HAMHU OBLI
WCIIOJ30BaH MPOTOKOJ, ONKCaHHbIN B cTaThe Pricmaruna ¢ coast. B 2018 rony. B
KauyeCTBE HCTOYHHUKOB COCIMHECHUI C BOCCTAHABIMBAIONICH aKTUBHOCTBIO MBI B3SIJTH

BBICYIIIEHHOM CBhIPbE€ JIEKAPCTBEHHBIX pacTeHui (puc. 5).

r DI\ (&

Puc. 5 - BHemnuii Buj BbICYIIEHHOTO PACTUTENBHOTO ChIPbsI JUIsl IPUTOTOBIICHUS
BOJIHOT'O 3KCTpPAKTa: a) KOPHU FOpUYHUKAa MOpucoHa, 6) KOPHHU COJIOAKH, B) KOPHU
KEHBIIICHS, ') IBETKU BaCUJIbKa CUHETO, J1) IIBETKH HOIOTKOB JIEKaPCTBEHHBIX, €)
HaJ[36MHbIC YaCTH F€paHu JIyrOBOU
Hagecky pacTuTenbHOrO ChIpbs 3ajJMBaIU JUCTUIUIMPOBAHHON BOJIOW M HArpeBaju
Ha BOJsIHOM OaHe (puc. 6) s SKCTParupoOBaHUsl BTOPUYHBIX METAOOIUTOB U3 CHIPhS

B PAacTBOD.
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Puc. 6 - [IpurorosieHre BOTHOTO AKCTPAKTa JICKAPCTBCHHBIX PACTCHHIA Ha
BOJSIHOM OaHe.
[Tociie HarpeBaHHWs, SKCTPAKThI OXJAXAAIH U (PHIBTpOBANIM JJIsi M30aBIICHUS OT
PaCTUTEIHHBIX YaCTEH, KOTOPhIE OYIyT MeIaTh CHHTE3Y. BOXHBIN pacTBOp HUTpATa

cepebpa mpencTaBiisi coO0 MPO3pavyHyIo XKUJIKOCTh (pHC. 7).

S m—

Puc. 7 - 2%-w1if BOIHBIN pacTBOp HUTpaATa cepedpa

[locne noGaBneHus HUTpara cepedpa K pacCTUTEIBHBIM SKCTPAKTaM MPOUCXOAMUIIO

IIOMYTHEHHE PAaCTBOPA U B TEUEHHUE CYTOK 00Pa30BhIBAICS HEOOIBIIION 0cagoK (pucC.
8).
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Puc. 8 - BHemHuil BUT BOJHBIX 9KCTPAKTOB MOCTe (PUIBTPOBAHUS U T0OABICHHS
2%-ro BOAHOI'O pacTBOpa HUTpaTa cepedpa: a) KOpHU ropudHrKa MopucoHa, 0)
KOPHU COJIOAKH, B) KOPHH JKEHBIIICHS, T') IBETKU BaCHJIbKA CHHETO, [T) [IBETKH

HOTOTKOB JIEKAPCTBEHHBIX, €) HAaJ[3EMHbIE YaCTH I'epaHy JTyTroBOU
[TomydeHHyI0 CyCNEH31I0 HAHOYACTHUI] YIAKOBBIBAJIHN B MJIACTUKOBBIE MPOOUPKHU U

XpaHWIA B XOJIOAUJIBbHUKE N0 IMPOBCACHUA SKCIICPUMCHTOB 110 U3YUCHWUIO BIIMAHUA

10 MpopacTaHue ceMsiH. BHenHuil Buj CyCleH3uH NpeCTaBIeH Ha PUCYHKE 9.
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Puc. 9 - Baemnuii Bu1 cycrieH3uil HAHOYACTHUI] cepedpa, MOTyISHHBIX ¢ IIOMOIIIO
pPaCTUTENBHBIX IKCTPAKTOB: a) KOpHEW ropuyHrka MopucoHa, 6) KOpHEel COJIOIKH,
B) KOpHEH JKEHBIIIEHS, T') [IBETKOB BaCHUJIbKa CUHETO, /1) IBETKOB HOTOTKOB

JICKapCTBCHHLIX, e) HAaA3CMHBIX YaCTH I'CpaHn J'Iyl"OBOfI

O0padoTKa ceMsiH cesibaepest CyClIeH3ueill HAHOYACTHII.

JIist u3yyeHust BIUSIHUSL HAHOYACTHUIL Ha MTPOpAcTaHusl CEMSIH HaMH Oblila BhIOpaHa
KYyJIbTypa — CEJbJAEPEd KOPHEBOM OTEYECTBEHHOrO copTa I[Ipa)kCKuWK TUraHrT.
JIaHHYI0 KyJIbTYypY BO3JEIBIBAIOT C IOMOIIBIO PACCaTHOTO METOJa, CEMEHa
POPacTaIOT NPOJOLKUTEIbHOE BpeMs oT 7 10 14 cyTOK.

CemMeHa norpy:»ajiu B CyCIIeH31I0 HaHo4acTuIl Ha 1, 2, 3 u 4 yaca (puc. 10). 3a 310
BpEMs MEJIKHE HAHOYACTHUIbI MOTJIA POHUKHYTh Y€pPE3 CEMEHHYIO KOXKYPY B CEMS

)41 BO3I[€I?ICTBOB&TB Ha OMOXUMHYSCKOM YPOBHC Ha IIPpOpaCTaHUC.
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Puc. 10 - Cemena cenpaepest KOpHEBOTO B COCYAaX € CyCTICH3UeH HAHOYACTHI

cepebpa: a) KOpHU TopudHUKa MopucoHa, 0) KOpHU COJIOJIKH, B) KOPHHU
KEHBIIICHS, T) I[BETKU BaCHUJIbKa CHHETO, ) IIBETKH HOTOTKOB JICKAPCTBEHHBIX, €)

HaJ[36MHbIE YaCTH repaHu JIyroBOU

ITocne O6pa6OTKI/I CCMCHA ITIOMCHICHHLBIC B HalllK1 HCTpH IMCPCHOCUIIN B CBCTOBYIO

KOMHATYy, 3a IIpOpaCcTaHuCM Ha6monam/1 B TeueHue 18 CYTOK.

Ydyer 3¢QdeKTUBHOCTH NpoOpacTaHusi CeMSH ceJibjJepess TMocje 00padoTKH
cycrneH3Heii HAHOYACTHIl cepedpa.

KonudectBo mpopocmmx cemsH Ha 18 cyTku mocie oO0pabOTOK pa3iudHOMN
MPOJOJIKUTENLHOCTA TpEACTaBleHO Ha pucyHkax 11 wu 12, BHemHuii BuUA

MIPOPOCTKOB cenbjaepest Ha pucynkax 13-19.
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Puc. 11 — DddexTuBHOCT NMpopacTaHus CEMSH CEIbAepess KOPHEBOrO MOCIE

00paboTKH CyCIIEH3UEH HAaHOYACTHI] cepedpa, MOTYUYSHHON METOIOM «3EJICHOT0Y

CHHTC3a
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@»  ®Poly. (Ha3eMHBIC YaCTH I'epaHy JIYTOBO#)

Puc. 12 — D dexTuBHOCTH IpOpacTaHHst CEMSH CENbepesi KOPHEBOTO MOCe
00paboTKH CyCTIeH3HEeH HaHOYACTHI] cepedpa, MOTYUSHHON METOOM «3EJICHOTOY

CHHTC3a
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J1s TOro, YTOOBI OLIEHUTH JOCTOBEPHBIE PA3IMYUs MEXKIY BapUaHTaMU HaMU ObLI
BBIOpAaH MHTEPBAIBHBIA METOJ| OlleHKH. AHaim3 rpadukoB Ha pucyHkax 11 u 12
MO3BOJIIET BBISIBUTH, UYTO CYCIEH3UHM HAHOYACTUI[ cepedpa, MOJIyuYeHHbIE C
MOMOIIBIO 3KCTPAKTOB BaCHJIbKa CHHErO U HOTOTKOB JIEKAPCTBEHHBIX HE CHUDKAIU
BCXOXKECTh CEMsIH celbpjepes Mmpu oopadoTke B HUX B TeueHue 1, 2, 3 u 4 vacos.
O0paboTka ceMsH B T€YEHHE 3 YacOB B CYCIEH3USIX HAHOYACTUL, MOTYUYEHHBIX C
MOMOIIbI0 TOPUYHHKA, COJOJKA M TE€pPaHHW MPUBOAWIA K CHIDKEHUIO BCXOXKECTH
OTHOCHUTEIILHO KOHTPOJBHOW Tpymibl. JIJis BRISIBICHUA TEHACHIWNA B M3MEHEHHH
3¢ (}EeKTUBHOCTH TPOpacTaHWs B OTBET Ha YBEJIMUYEHHE MPOAOKHUTEIHLHOCTH
00paboOTKK MBI MCTIONB30BANK (HYHKIUIO JUHUH TpeHaa. beina mogoOpana JuHMS
Tpenza ¢ koddunuentom annpokcumaruu 1 (R? = 1), 11 Bcex BapuMaHTOB 3TO
Oblla MONMHOMHANBHAA (QYHKUMA 3-ro mopsaka. bputo 3amedeHo, 4To Bce
AKCIIEPUMEHTAJIbHbIE BapMAaHThl MOKHO pPa3AeiuTh Ha ABe Trpynnsl (puc. 11 wu
puc.12) B 3aBUCUMOCTH OT XapakTepa KpHUBOH, NpH 3TOM CYCICH3UH, HE
cHKarmme 3hOEKTUBHOCTh MPOPACTAHKSI HU MPU OJHOM BpeMEHU 00paboOTKH,

OKa3aJiuch B ofHOM rpymre (puc.11).

a 0

B T

Puc. 13 - BHenmnuii BUI pacTeHUH cellbiepesi KOpHEBOro Ha 18 cyTku mocie
00pabOTKN HaHOYACTHUIIAMU cepelpa, MOTYUYEHHBIMHU C UCIIOJIb30BAaHUEM KOPHEH
ropuuHuka Mopucona: a) oopaboTka 1 gac, 6) o6paboTka 2 yaca, B) oo6paboTrka 3

yaca, r) oOpabotka 4 yaca
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B

Puc. 14 - Buemnuii B pacTeHui cenpaepes KOpHeBoro Ha 18 cyTku mocie
00pabOTKN HaHOYACTHUIIAMU cepelpa, MOJTYUYEHHBIMHU C UCTIOIb30BAaHUEM KOPHEH
cosiofiku: a) oOpaboTka 1 yac, 0) obpadoTka 2 yaca, B) 00paboTka 3 yaca, T)

00paboTka 4 yaca

Puc. 15 - BHenrnuii Bua pacTeHuil cenbaepes KOpHEBOro Ha 18 cyTku mocie

00paboTKM HAaHOYACTUIIAMHU cepedpa, TOTYICHHBIMU C UCITOJIb30BAHUEM KOPHEH
JKEHBINeHs: a) oOpaboTka 1 wac, 6) o6paboTka 2 gaca, B) oOpaboTka 3 4aca, r)

oOpaboTka 4 gaca

18



a 0
B

r
Puc. 16 - BHenrnuii BuJ pacTeHuii cenbepesi KOpHEBOro Ha 18 cyTku mocie

00paboTKK HAaHOYACTHIIAMHU cepedpa, MOYISHHBIMH C UCTIOJIB30BaHUEM IIBETOB
BacWJIbKa CHHETO: a) 00padoTka 1 yac, 6) oo6padboTka 2 Jaca, B) oOpadboTka 3 yaca,

r) oopaboTka 4 yaca

a 0

B r

Puc. 17 - Buenrnuii BuJ pacTeHuil cenbaepesi KOpHEBOro Ha 18 cyTku mocie
00pabOTKN HAHOYACTUIIAMU cepedpa, OTYISHHBIMHU C UCTIOJIb30BAHUEM I[BETOK
HOTOTKOB JIEKAPCTBEHHBIX: a) 00paboTka 1 gac, 6) oOpaboTka 2 Jaca, B)

obOpabotka 3 vaca, r) oo6paboTka 4 gaca

19



B
Puc. 18 - BHenmHuii BUI pacTeHMi celbepesi KOpHEBOro Ha 18 cyTku mocie
00pabOTKN HAaHOYACTHUIIAMHU cepeOpa, MOTYUYEHHBIMU C UCTIOIb30BAHUEM
HAJ3€MHBIX YacTel repanu JecHoi: a) oopaboTtka 1 yac, 6) oOpaboTtka 2 yaca, B)

o0paboTtka 3 yaca, T) 00paboTka 4 yaca

B r

Puc. 19 - BHemnuii BU1 KOHTPOJIBLHOW IPYIIIBI PACTEHUM CENbAEPES KOPHEBOTO HA
18 cyTku nocye o0paboTKu B TUCTUIIMPOBAHHOM BOJIE B TeueHue: a) 1 yaca, 0) 2

4acoB, B) 3 4acoB, I') 4 4acoB.

[Ipoananu3upoBaB pgaHHblE PUCYHKOB 13-19 MOXHO caenatb BBIBOJ, YTO
MOP(OJOTUYECKUX OTKIOHEHUH Yy MPOPOCTKOB CeNbJepesi KOPHEBOTO IOCIe
00pabOTKH U3yUYEHHBIMU CYCIIEH3USIMU HAHOYACTHUII cepedpa BBISBICHO HE ObLI0. Y
MIPOPOCTKOB HE OTMEYAJIOCh MSATEH Ha CEeMSIOJISIX, OTKJIOHEHMM B UX PAa3BUTHUH,
YKOPOUYEHHBIX TUTTOKOTHIICH UK Apyrux HapyuieHui. Kopemok hopmuponacics y

BCCX ITPOPOCTKOB.
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BbIBO/IbI
C noMOI1IbI0 BOJHBIX IKCTPAKTOB JIEKAPCTBEHHBIX PACTEHUHN — COJNIOKH, KEHBIIICHS,
BaCWJIbKa, TOPUYHHKA, TE€paHH M HOTOTKOB MOXHO IOJIy4aTh SKOJIOTHYHBIM
METOJIOM «3€JICHOrO» CHHTe3a CYCIeH3WI0 HaHoyacTuil cepebpa. Hanouactuiibr
cepebpa, MOITydeHHbIE KaK XUMHUYECKUM, TaK U 3€JIEHBIM CHHTE30M MPOSIBISIIOT
BBICOKYIO QHTUMHUKPOOHYI0O M (DYHTULUIHYIO aKTUBHOCTH, TO €CTb MOTYT OBIThH
UCTIONB30BaHbl KAaK TMPOTPABUTEIN CEMSH, MOATOMY BAaXKHO BBICHUTH Kakas
IPOJOJKUTEIBHOCTh 00paOOTKHU HE OyAAET HAHOCUTH BpEJla CEMEHAM, HallpUMep, He
OyZIeT CHUKATh UX BCX0XKeCThb. [lomydeHHbIe HAMU CyCTIEH3WM HaHOYaCTHUIl cepedpa
MOMOIIBIO IIBETKOB BACHJIbKA CHHErO M IIBETKOB HOTOTKOB JIGKAPCTBEHHBIX HE
CHIDKAIOT A (GEKTUBHOCTh MPOpPACTaHHUsI CEMSH CelbJepes KOPHEBOTO TIpHU
o0pabotke B TeueHue ot 1 10 4 yacoB. B To Bpems Kak, CyClI€H3UM HAHOYACTHII
cepeOpa, MOTydYeHHBIE C TOMOIIBIO KOpHEH ropuyHKa MoprcoHa, KOPHEH COOIKH
M HaJ3€MHOM YacTH TepaHM JIECHOM CHIDKAIM BCXOXKECTh CEMSIH Celbaepes
KOpHEBOTo Mpu 00paboTke B TeueHue 3 yaco Ha 30%, 42% u 22% cOOTBETCTBEHHO.
O0paboTka ceMsiH cenbjepess B CyClIeH3UN HAaHOYACTHII, MOJIyYeHHAasi ¢ IIOMOUIBIO
KOpHEH ’KeHbIIeHs B Te4eHne 1 yaca cHrxkana 3(h(heKTHBHOCTD MPOPACTAHUS CEMSH
B 2 pa3a. Takum o6pa3oM, Haubosiee MEPCHEKTUBHBIMU JUIsSI JAJILHETO U3yYEHUs
MOKHO Ha3BaTh CYCIIEH3MM HAHOYACTHIl cepedpa, TMOIYyYeHHBIX METOJ0M
«3€JICHOT0» CHHTE3a C TOMOIIBIO IIBETKOB BaCWJIbKa CUHETO U I[BETKOB HOI'OTKOB

JICKApCTBCHHBIX.
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