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3JEMEHTHBINA COCTAB KJIETOK KAJLJIYCHOM KYJIbTYPBI
KHAXKNKA CUBUPCKOI'O (Atragene speciosa Weinm.) in vitro

AHHOTaIMsI. Bnepgvie nokazano cooepiicanue 1eMeHMO8 6 KIeMmKAaX KaLyCHOU
KYIbMypbl KHANCUKA CUOUPCKO20, ONUMENbHO NACCUPYEMO20 HA NUMAMeNbHOU cpede
Mypacuee — Ckyza 6 memnome. IIpu uccnedosanuu kauecmeenHo2o u noayKoIuecmseH-
H020 cOCMAasa MUKpOINeMeHMO8 COCMasneHn psao npeonodmumensHo20 HaKoNIeHus de-
MeHmos Kannycruuimu kiemkamu. IIpogedeno cpashenue cooepoicanus d1emMeHmos, 0oHa-
PYIHCEHHBIX 8 KIIeMKAX KALTYCCd U 8 OUKOPACMYUWEM PACHeHUY COOMBEMCMBEEeHHO.

KnioueBble cioBa: xaniychas Kyibmypa, cyOKyIbmusuposanue Kiemox in vitro,
Atragene speciosa Weinm., hoomponnoe Oeticmeue, 0301eHue, IMUCCUOHHAS CNEeKMPO-
Mempusl.

Kaspkuk cubupckuii — Atragene speciosa Weinm. ceM. Ranunculaceae — MHO-
TOJIETHEE PACTCHHUE, IMpoM3pacTaioliee B TaexkHbIX Jecax Cubupn. Hamsemnas
Omomacca €ro HCHONB3YeTCs B HApPOAHOW MEIWIUHE UL JICUCHHS CEpIedHO-
COCYIUCTBIX, THHEKOJIOTHYECKHX M OIYyXOJIEBBIX 3a00JieBaHUM, KaK KapAHOTOHH-
YecKoe, NMPOTHBOPEBMATHYECKOE, AHMYPETHUECKOE, PaHO3aXXKUBIIONIee, 00IeyTo-
nsIoInee U odmeykperuriomniee cpeactra. Mcecnenoraremsimu HUW dapmakonorun
THL CO PAMH u Cu6I'MY B KHSKMKE CHOMPCKOM OOHapy»XeHbI (heHOIOCIHP-
ThI, (pTAaBOHOWIIBI, aHTPAXUHOHBI, KyMapHHbI, (HeHOTKapOOHOBBIE KHCIOTHI, OYy-
OWJIbHBIC BEUIECTBA, ATKAIOUIBI, TPUTEPIICHOBEIEC TIIMKO3HU/IBI, TOIHCAXapyuIbl, Ka-
POTHHOMJIBI U OPraHUYECKUE KHUCIOTHL. YCTAHOBJIEHO, YTO IKCTPAKT 3TOTO pacTe-
HUS OKa3bIBaCT HOOTPOITHOE U NMPOTHBOSI3BEHHOE ACHCTBUS, 00JIafaeT IPOTHUBOCY-
JIOPO’KHBIM, TPaHKBUIIM3UPYIOIINM, CTPECC-IPOTEKTUBHBEIM cBolcTBamu [1], a
TaK)Ke BbIPQ)KEHHBIM aHTUCTPECCOPHBIM U MPOTUBOHEBPOTUUECKUM JIEHICTBHEM, HE
yCTymasi 1Mo CBO€H aKTHBHOCTH JIWa3eramy, HO MPH 3TOM JIMIICH ero MmoOOYHBIX
s dexroB. Dpakuum, MOTyIEHHBIC U3 IKCTPAKTa, MPOSBILIIOT BEIPAXKCHHBIA HOO-
TPOIIHBIN ¥ MPOTUBOUIIEMUYeCKri 3 dexTsl [2].

ITockosbKy 3TO BHJ € pa3speKEHHBIM apeajioM MPOU3pacTaHHs, UMEIOTCS TPYI-
HOCTH B cOOpe JICKApPCTBEHHOTO ChHIphs. JKu3HeHHas (hopMa KHSKHKAa CHOUPCKO-
ro — JIMaHa, IOPTOMY MHTPOIYKIIHS 3TOr0 pacTeHusi HeBO3MoXkHa. lHTepec K BBe-
JICHUIO €T0 B ACCENTHYECKYIO KYJIBTYPY in Vitro BBI3BaH BO3MOXKHOCTBIO ITOJTyYe-
HUSI BBIICTICPEUNCICHHBIX COCTUHEHUH IS CO3/IaHMs HA UX OCHOBE HOOTPOITHOTO
U aJalTOTeHHOTO (PUTOIpEnapaTa.

Merton KyabTypbl TKaHEH U KIIETOK JIEKAPCTBEHHBIX PACTECHUI in Vifro MO3BONIAET
MIOJTyYaTh 3KOJIOTHIECKH YHCTOE CHIPhE KPYTJIBIH T'0Jl, YBEINYMNBATH BBIXOJ OMOIO-
THYECKH aKTHBHBIX BEILECTB, PETYIHPYs X HAKOIUICHUE B KyIbType. Tak, B KadecT-
B€ UCTOYHMKA AJIKAJOUIOB YCIIEIIHO KyJIbTUBUPYIOTCS KJIETOYHbIE KYIbTYPhI Atropa
belladonna L., Symphytum officinale, Aconitum sp.; alKaJOWJIOB ¥ CAIIOHUHOB —
Nigella sp.; sutramuna E — Carthamus tinctorius L.; 2¢pupHbIX Macen — Lavandu-
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la sp., u MHoOTHE npyrue pacTeHus [3, 4]. laHHBIM METOR MMeEeT psifi MPEUMYIIECTB
Tepe]] NCTIONH30BAaHNEM MHTAKTHOTO pacTeHus. OH IO3BONSET TONyYaTh CHIPhE He-
3aBHCHUMO OT KIIMMAaTHYECKUX YCIIOBHM, MOIEPKUBATH POCT PACTCHUI KPYTIIBIA IO/,
YTO BaXKHO JJIS1 BUZIOB, UMEIOLIUX B LIUKJIE CBOETO PA3BUTHUS MEPHOBI TIOKOSL.

Ha ocHoBe N3y4YCHUA OMOCHHTETHUECKHAX Mpo1eCCOB MOYXKHO IOJYYUTH Haunbo-
nee OoraTele TKaHEBBIC KIIOHBI OMOJIOTHYECKH ICHUCTBYIOIIMX BEIIECTB, a TaKXkKe
3aMEHMTh MHTAKTHBIE PACTEHUs], IPUPOIHBIN apean KOTOPBIX HEIOCTaTOueH IS
HCIIOJIb30BAHUS B MIPAKTUYCCKUX IICTIAX.

B TomckoM rocynapcTBEHHOM YHUBEpCHTETE Ha Kadenpe ¢usnonorum pacre-
HUM ¥ OMOTEXHOJIOrHU OblIa BIEPBBIC MOIYUYEHA KaJUTyCHasl KyJIbTypa pacTUTEb-
HBIX KJIETOK KHSDKHKA CHOMPCKOTO in Vifro B Ka4eCTBE MPOAYIEHTa (U3HUOIOTHYC-
CKH aKTHUBHBIX BelecTB [5]. KpymHomaciiTabHOE MPOMBINIIICHHOE 000pYA0BaHUE
(dbepmenTeEpBI) U1 KYyJIHTUBUPOBAHUS B AANbHEHIIEM ITO3BOJIUT OBICTPO TOJIYYaTh
O6roMaccy paCTUTEIBHBIX KICTOK in Vitro.

[Nomywens! npeaBapuTeNbHBIE JaHHBIE (PUTOXMMUIECKOTO aHAJI3a HAKOTUICHHS
OMOJIOTMUECKN aKTHUBHBIX BEIIECTB KAJUTyCHOHM KYJIBTYpBI KHSXKHKAa CHOMPCKOTO.
CrexTpo()oTOMETPHUIECKUM METOAOM OIpe/iesieHa CyMMa (hIIaBOHOHI0B. MeToi0M
TOHKOCJIOWHOW Xpomarorpaguu OOHapyKeHbl (PAKIHU BBICOKONOJSIPHBIX TPH-
TEPIEHOBBIX TIHKO3UAOB (CallOHMHOB), B TOM 4YHCIE JUIUTEIBHO MACCHPYEMbIX
mramMMoB (32 u 44 cyOKyJIbTHBUPOBAHMI) KAIIyCHOIN KyJIbTYphl KHSDKUKA CHOUP-
cKoro. Pe3ynpTaTsl MO3BONISIOT TOBOPUTH O CHOCOOHOCTH KJIETOYHOH KYJIBTYPHI
COXPaHATh CHHTE3 COCIMHEHHH, XapaKTePHBIX JUI MHTAKTHBIX PACTECHHH.

B Hacrosiee Bpemst MOTpeOHOCTH B IIpenapaTax, COACPKaIUX MUKPOIJIEMEH-
TBI, 3HAYUTEIFHO BO3pOcia. MUKPOAJIEMEHTHI B PACTCHUSAX MOTYT CTUMYJIHPOBATh
JEHCTBHE WX OMONIOTHUECKH aKTUBHBIX coeAnHeHui [6]. M3BecTHO comepikaHme
MHUKPO3JIEMEHTOB B JUKOPACTYILEM KHKHUKE CHOUPCKOM.

Hame#t 3amadeil sSBUIIOCH HCCIIENOBAaHHME DJEMEHTHOTO COCTaBa KaJUTYCHOM
KYJBTYPBI KJIETOK in Vitro ¥ CpaBHEHHE C TAKOBBIM AMKOPACTYIIETO KHSDKHUKA CH-
oupckoro (Atragene speciosa Weinm.).

O0bEeKTLI H METOTUKH HCCJICT0BAHNS

OOBEKTOM HCCIIEIOBAHUS SBUIACH KALTYCHAs KYJIbTypa KJIETOK KHSDKHKA CH-
OUpPCKOTO, MOTyYeHHAs TIPH MCIIOIB30BAaHIH B KAUECTBE DKCIUIAHTA CETMEHTOB He-
PEILIKOB MOJIOJBIX JUCThEB MHTAKTHBIX pacTeHuid u3 pecnyOnuku Xaxacus (Lu-
PUHCKWUIt paiion) [7].

JaHHast KynbTypa Ha MpOTsHKEHUU 44 CyOKYJIhTHBHPOBAHUHA B TEMHOTE BBIpa-
mMBajgach Ha muTarenbHoi cpeae Mypacure — Ckyra [8] ¢ MonuuIMpOBaHHBIM
TOPMOHANBHBIM COCTaBOM. AYKCHH 2,4-IUXJIOP(QEHOKCUYKCYCHAsI KHCIOTA U ITH-
TOKWHHUH 6-O0C€H3MIaMHHOIYPHH B KOoHIeHTparwmsx 0,6 u 0,3 Mr/ja COOTBETCTBEHHO,
okaszbiBaromue Haubosee 3¢ ¢dekTuBHOE AEHCTBHE Ha Mponudepannto KaulyCHOM
KYJIBTYpPbl KHSDKHKA CHOMPCKOTO, TOOABISUTUCH B TUTATEIIBHYIO CPEY.

HccnenoBanyu KayeCTBEHHBIH U IOITYKOJIMYECTBEHHBIH COCTaB MUKPOJIEMEHTOB
B KaJUTyCHOU KyNbType Atragene speciosa Weinm. B xone aToOMHO-3MHCCHOHHOTO
aHaJmM3a OMOJIOTHYECKUX 00Pa3IOB OTHUM U3 OCHOBHBIX 3TAIOB SBJISIETCS 030JICHHE.



14 B.1O. /lopoghees, P.A. Kapnauyk, H.B. Illunosa

Osonenue. VIcionb30Banl TPaJUIMOHHBIN CIOCOO 030JIEHUSI OHMOJOTHYECKUX
mpo0, BpeMs o3oyieHus 2—-3 cyT [9]. s mpUroToBJICHUS 30JIBHOTO OCTaTKa Opaiu
HaBeCcKy | I U3MENbYEHHOH BO3IYIIHO-CYXOH MAacChl paCTUTEIBHOTO CHIPhs (Kie-
TOK KaJUIyCHOH KyJIbTYpBhl), TIOMEINATIM €€ B NPEABAPUTENHHO IMPOKAJEHHBIH 110
MOCTOSTHHON Macchl (hapOpoBbIid THUreNh W PaBHOMEPHO pacHpeieiisuid Mo IHY.
HaBecky cbIpBs B THIIIE OCTOPOKHO OOYTIIMBAIH HaJl CIa0BIM ITIaMEHEM TOPEITKH.

[Tocne monHOrO0 OOYTIMBAHUS CHIPbS THUIIM NMEPEHOCHWIH B My(eNbHYIO Medb
JUISL TIOJIHOTO TPOKAIMBAaHUS OCTatka mpu Temmeparype 550-650°C, uzberas
CIUTABJICHUS 30JIbI M CTIEKaHHS €€ CO CTCHKaMHU THTIL. JlanpHeilee BRICYIINBaHTE
MIPOBOJMIIM JI0 MTOCTOSIHHOM Macchl mpu Temmneparype 400—450°C B teuenue 3 cyt
JIo 00pa3oBaHUs Cepoid 30JIbI MOCTOSTHHON Macchl. J{J1st 3TOro Maccy 30JbHOTO OC-
TaTKa TEPHOTUIECKH B3BEIIMBAIH, NPEIBAPUTEIHHO OXJAaIUB B dKcHKaTope. On-
peneneHue oO1Ie 3016 B Kajllyce MPOBOJWIM B COOTBETCTBUH C METOAUKON ['D
XI(1990).

[IpouenTtHoE comepkanne oOIIei 30756 (X) B aOCOMIOTHO CYXOM CHIPhE BBIUHC-
Jsui 110 hopMmyJie

X=(m; 100 x 100) + (m, (100 — w)),

rzie m; — Macca 30Jbl, T; M, — Macca HaBEeCKH, T; W — MOTepsl B Macce ChIpbs PH
BBICYIIMBAHUH, %.

30JIbHBIN OCTATOK MCIIOIB30BANIHN sl 00HAPYKEHUST MUHEPATBHBIX 3JICMEHTOB.

Omuccuonnas cnexmpomempus. OnpeselieHHe MHUKPOJIEMEHTOB IPOBOMIOCH
crieKTporpauyecky Ha criekTporpade M3 30Jbl HUCCIEAYEMbIX 00pa3iloB METOIOM
OMHUCCHOHHOM CHEKTPOMETpHH [9]. DTOT METO MPUMEHSIETCSI TSl KCCIICIOBAHUS JJIe-
MEHTHOTO (Ka4eCTBEHHOI'O M KOJIMYECTBEHHOI'0) COCTaBa BEILECTBA IO CIIEKTPY H3JTy-
YEHUS €r0 aTOMOB.

Pe3yabTaThl H 00Cy:KaeHNE

KonmuecTBo 307161 B pacTUTENIFHOM ChIPbE KOJIEOJIETCS B ONpeeTIeHHbIX Ipeienax
Y 3aBUCHT OT CIEIM(UKN CaMOTO ChIPbS M YCIOBHUH €ro CylmKH. B 301bHOM ocTaTke
pacTeHmii yaie Bcero conuepxkarcs ciemyroniue snemenTsl: K, Na, Mg, Ca, Fe, C, Si,
P; pexxe u B MenbiieM kommaectBe — Cu, Mn, Al 1 p. DU 35eMEeHTHI 0OHAPYKHBa-
IOTCS B BUJIE OKCHJIOB MITH COJIEH yronbHOH, PocopHOiA, CEpHOM U APYTUX KUCIIOT.

[Tomy4yeHHBIH HaMU 30JBHBIM OCTATOK KIIETOK KaJUTYCHOM KYyJBTYpPBI COCTABHII
0,15 r or HaBecku 1 T BO3MymIHO-cyX0ol Macchl. [IporienTHOE comepxkaHue oOImen
30J161 B a0COJIFOTHO CYXOH Macce KIJIETOK in vitro coctaBuino 17,38. IIpoueHT 06-
IIeH 301161 KAJUTyCHOM KYJIBTYPBI KJIETOK Atragene speciosa Weinm. 16,20, dto B
2 pa3a npeBbllIaeT aHAJIOTUYHBIH [MOKa3aTeNlb AUKOPACTYILIEro pacTeHus. MeTo1oM
SMHUCCHOHHOHM CHEKTPOMETPHH YCTaHOBJIEHO Hanuyue 18 snemenToB. 13 HuX mak-
pO3JIEMEHT — MapraHell, 6 MUKPOAJIEMEHTOB U 11 yJIbTpaMHUKpPOIIEMEHTOB.

HccnemoBanust moka3aiy, 9T0 Ka4eCTBEHHBIH COCTaB AJIEMEHTOB, OOHApYKEH-
HBIX B KaJUTyC€ M AMKOPACTYILEM PAaCTCHUHU, HACHTUYEH, TOTr/1a KaK KOJINYEeCTBEH-
HOE€ COJIepXKaHHe CYIIECTBEHHO OTIMYANoCh. B auKopacTymieM KHSKHKE CHOHp-
CKOM OOHapy»xeHbl ciieayronue aneMenTsl: Mn; Ni; Cr; Mo; V; Pb; Zn; Ag; Cu;
Si; Bi; Co; Na; Mg; Sn; Al; Ca; Fe [6, 10-12].
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Ha ocHOBaHMM NaHHBIX CHEKTPOrpa@HUIECKOro aHaIM3a COCTaBIICH s MPEArod-
TUTEJIBHOTO HAKOIUIEHHS JJIEMEHTOB KJIETKAMU KaJUTyCHOM KyJIbTypbl Atragene
speciosa Weinm.: Mg>Zn>Fe>Ag>Mn>Cu>Cr>W=Cd>Ta>Ti>Al>V>Mo>Ni>Sn>
>Pb>Bi. OTIMYUTENBHBIM CBOMCTBOM KaJUTyCHOI KyJIbTYpBI SIBIISETCS €€ CIOCOOHOCTD
HaKaIUIMBATh CJICAYIOIINEe MHKPOAJIEMEHTHI: cepedpo, IMHK, Mellb, XPOM, CBHHEI,
MapraHell, MarHui, jkene30, MOJMOCH, HUKeNb. B KieTkax in vitro HaOIOmamm co-
nep>kanre Mg u Fe B KOHIIEHTpaIsax Ha MOPSIOK HIDKE, YeM B HaJ3eMHOM Oromacce
JMKOPACTYIINX 0CcOOEi B MEpHo]I IUIOJOHOIICHHS. BBICOKIE KOHIICHTpaiK 3TUX dJIe-
MEHTOB B JIMKOPACTYIIEM PACTEHHH, BO3MOXHO, CBSI3aHBI CO CIIOCOOHOCTHIO HaKATLIH-
BaTh X IPU MEPEXoJie B oUepeHyI0 (ha3y OHTOreHe3a Jubo SBIISIOTCS OTBETOM Ha r'eo-
XUMHMYECKYIO CUTYALIHIO JaHHOIO paioHa.

Heo0xomumo otmetuTs, uTo conepxkanue cepedpa (0,24 mr % wa 100 r BO3-
JYIIHO-CYXOI Macchl KJIETOK KaJUTyCHOM KynbTypsel) u 1uHKa (0,51 Mr %) 3Haun-
TEJIEHO TIPEBBIMIACT TAKOBOE TUKOpacTyIiero Atragene speciosa Weinm. — 0,045 u
0,256 Mr % coorBercTBeHHO. OHAKO AMKOPACTYIINN KHSKHUK CUOUPCKUHN B 3HA-
YUTEIBHOM KOJMUYECTBE COACPIKUT MArHWid, JKelle30, MapraHell, HUKelb, MOJTUOIEH,
BaHA/IUM, CBUHEL], ATFOMUHUI U BUCMYT. BO3MOXHO, Hann4yue BHICOKUX KOHIIEHTpa-
LUl HEKOTOPBIX AJIEMEHTOB B KJIETKAX KaJUTyCHOM KYJbTYphbl OOBACHSETCS CIIOCO0-
HOCTBIO aKKyMYJIUPOBATh WX B mporecce 44 cyOKyIbTHBUPOBAHMI HA MUTATEIHHOM
cpene Mypacure — Ckyra ¢ cOoIepKaHUEM MHKPO3JIEMEHTOB IO NPOIKCH, IIpHUBE-
JIeHHOM B Ta0II. 1.

Tabnuma 1
Coaepixanue HEKOTOPBIX HCTOYHMKOB J1eMEHTOB B MUTATEJIbHOIi cpee
Mypacure — Ckyra, 06Hapy:KeHHBIX B KJI€TKaX KAJLUIyCHOH KYJIbTYPbI
KHSZKHKA CHOUPCKOTo

Konuenrpanus O0BéM
Konuenrpanus
" HCXOTHOTO HUCXOIHOTO pacTBOpa
CocraB B IIUTATEIbHON M
pacTtBopa, Ha 1 J1 muTaTenbHON
cpene, M
MrI/11 CpeJibl, M
WcTouHuk Maraus
MgSO,x7H,0 | 150x10° | 7 400 | 50
I/ICTO‘{HI/IK JKeiie3a
FeSO, x 7TH,0 [ 1,00x107% ] 5 560 | 5
HNcrounuku MI/IKpOSJ'IeMeHTOB
MnSO, x 4H,0 9,99 x 107 4 460
ZnS0, x 7TH,0 2,99 x 107 1720 5
Na,MoO, x 2H,0 1,00 x 107° 50
CuSO, x 5H,0 1,00 x 10 5

Habmonaromasicss AMHAMHKA HAaKOIJICHUS MHUKPORJIEMEHTOB B JAUKOPACTYIIEM
pacTeHNH 3aBUCHT OT OHOTCOXMMHYECKOH CHeIM(UKH apeana MpOHU3pacTaHHs
JAaHHOTO BUJIA.

Paznuuus B 37€MEHTHOM COCTaBEe HAA3EMHON YaCTH pacTeHHS U KIETOYHOI
KyIBTYPBI in Vitro CBS3aHBI C U30MPATENFHOCTHIO MOTJIOMCHNS 3THX 3JIEMEHTOB B
pas3Hble (a3bl Pa3BUTHA B 3aBHCHMOCTH OT OMOXMMHYECKHX IIPOIIECCOB, MPOTE-
KalOIMX B OpraHax pacTeHHs U KJIEeTKax Kajuryca in vitro. JlaHHBIE CpaBHUTENBHO-
TO aHaJIM3a IPUBEICHEI B TA0MI. 2.
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Tabnuma 2
Coaep:kaHue 371eMEHTOB B IUKOPACTYILEM PACTEHHH® M KAJUIYCHOM KYJIbType KJIEeTOK
Atrgene speciosa Weinm. (Mr % Ha 100 r Bo31ynHo-cyxoii Macchl)

CopeprkaHue 2JIEMEHTOB
SeMEHT B JIUCTBSIX ,Z[PIKOpaCTyHieFO pacTeHust B KADTyCHOM
B iepuon*:
KyJIbTYpe
L[BETCHHS | IUIOOHOIICHHS
Makpo31eMeHT
Mg | — | 25,180 | 2,400
Keneso
Fe | 6,420 | 3,487 | 0,260
MuKpo3J1€eMEHTHI
Cu 0,183 0,021 0,150
Zn 0,256 0,241 0,510
Mn 0,256 1,283 0,230
Mo 0,019 0,236 0,004
Ni 0,562 0,221 0,003
YIIbTpaMUKpPOIIEMEHTHI
Cr 0,064 0,018 0,026
)\ 0,014 - 0,005
W - - 0,024
Sn - - 0,003
Pb 0,015 0,017 0,003
Cd - - 0,024
Al 2,740 2,034 0,006
Ti — - 0,020
Ta - - 0,021
Ag 0,045 0,023 0,240
Bi 0,023 - —

* TIpuBenens! nanubie u3 [6, 10].

Takum 00pa3oM, pe3yJIbTaThl UCCICAOBAHMI CBHICTEIBCTBYIOT O BO3MOXXHOCTH
WCIIONIb30BaHUsl KJIETOUHOM KYJbTYpHI i1 Vitro, KaKk U HaJJ3eMHOM Ouomaccsl AUKopac-
TYLIETO KHsDKMKA CHOMPCKOTO, B KAUECTBE MCTOYHHMKA Pa3HOOOPA3HbIX MUKPOAJIEMEH-
TOB, B TOM YHCJIC HE3AMEHUMBIX, TIPU PA3IUYHBIX TUHIIOMUKPOIIEMEHTHBIX COCTOSHH-
sx. Hapsimy ¢ 9TiM HeoOX0MMO YUUTHIBATE CHEIM(HKY B HAKOTIICHUH UCCIIETyeMBIX
AJIEMEHTOB B MPOLIECCE KyJIbTUBUPOBAHUS KHSKUKA CHOUPCKOTO i Vitro.

3akioueHue
BrepBeie METOJJOM SMHCCHOHHOH CIIEKTPOMETPUH OIPENEICHO COACpIKaHUE
8 DIIEMEHTOB B KJIETKAaX KaJUTyCHOW KYJIBTYpPhl KHSDKHKAa CHOUPCKOTO, U3 KOTOPBIX

MaKpO3JIEMCHT — MapraHell, 6 MHKPOSJIEMCHTOB U 11 YIAbTPaMUKPOIJICMEHTOB.
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