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KOMBIHOBAHOT'O MAIHITHOTO 1TOJIAH
HA I'PABITPOIIIYHY PEAKILIIIO KOPEHSA
LEPIDIUM SATIVUM L.

Kimuoai cioma Koubinosane mdeonimie Rode, Kb,
LI.‘PH.J.IIII'I:'I SALIVUIT, ZPaaiciim iy i, .;'_"!.;.HI'JIJHJ.IHH.I;IH, Kipeng
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Beryn

Pocros peakuil pocimm UL e BeKTopa TPAsiTaiinoro
NI, L0 BUIHETHOTE IX [NPOCTOPORY OPICHTALN, PICT |
AUTTCAALHICT, HAMRAKOTL rpasiTponiasos. ¥ rpani-
TPOTLESMI POZPI3HAIOTS TPH (hadie: CAPIITHATTS TPABITRILI-
HOID Cul II.'.I_I}., HI'H 0 T[i};’h}[l‘d’lﬂl,‘l“!}l H:l ﬁ]l._}\l!nH'IIHHI ClrHEL,
MK NEPeInETRCA 10 KATTHIL, WO BIATTOBLIAKTE Hil CHIHILI,
T WIACHE POCTORY RUINOBLLL, TOOTO BUIHH ROpeis abo creh-

J. RO 0CUEReHHH I'[‘.Ii'l1i1'!|"|."!t‘.lili'.1.'hf}' POCTNH BCANTEOH VAC

rpuman i wac |5, 6, 13, 14, 16, 20, 22, 23, 25, 26], psa
MUTAHB LLOLO MEXARTIMIB CIPIIHATIN | TPAHCAVKLLT Fpitsi-

TALIMHOIO  CTUMVIAY, 30KpeMa poai ioHis kaisuio 1

LMTOCKCACTH B LLHX MPOUSCaN. 3AMILACTHCH TMCKYCITiHNM,
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Tosy HEODXUTHE NOBESKST *PUMCHTA LT TTUINOON JLTH 3 HCVEIHHA POJTT RLThLLTKY
JIRITROIT HLL Pl PR TR

VOLYES po Backsicn i JTIGoR He3neRHO OAMH BUL GANOTO HITTROTTOH Y RLI )
MOEHE IOHHOTO UHETOTPOHHOIO PeIOHIHCY, RN, Ha IXHKD IYMEY ICAHTH |
OeHoEl oaariaies GdwekTie C1abkny KoMOHOBRHAYX MATHITHHX NOATE 3 MAcTO
O, PEIOHAHCHOW WHRAOTPOHHIT Yactoth oxpesins iodip (4, 171 Mu soepu
HOKA AN, WMo komDiHosae MarnitTie node (KM 3 sactotomn, peiotsicHo
LMk |='||"|'||l|||.| WIS TOT O RUILIO0, BIHBE Hd FRABITROMIM KOPCHH | |.‘-"1| ]1"'\1_1-
MOTOM JEHOE POOGTH BYJ10 TITEAHINE BHRYMCHHA 11".I.II-II|,"¢5IEIi‘I=1I1H PEAKLLI KOPEHA |
rawosy KMIT 3 svkopicradiaM CRITAOBOT T4 KOHPORKIVIBHO] Ja3CPHOT MIKPOCKON|
Olcolsmsy vaary npioiusun posnoaiay womis Cn™ b aneTiabHifi I0H1 pOITHATHEH

HH KOPEHA 1L YaC TPBICTIHMYARIT v cTiiorapiuy ymoeax ta KMII

Marepian i MeToan 10T LKeH

B excnepuseHTaX BUKOPHCTANO ABOAODOBI NPOPOCTREN Lepidium safiviem L.. Ha-
CIHHA NPOPOLLYELIE B YRCTIH aucruaboBadiin soni abo 3 aonasaviisy 044 1
Call,, I'!;'lup{:\ TRV B POPHAOHTATLHOMY NMOJGKCHHT (FPABICTHMYAHLI ) BMILLY B -
A Y BOAONY KaMEepy BCepeiuHi nepMatocporo ekpaita (pue. 1) 1 KMIT v respsi
npi 2121 "C. Konposesm Oy NPpOPOCTKE, BMILLCHT B TAKWI caMuil expan
nocriiinm sarditiny nogesm (M), Exkcnepusenty nostoposaii TpRiil [Lis
RO HHY YMOR,

MM somsmosano 40 skTa.
W NPARIN e BLITOBULE  Bejii-
UHHD TeasMartiiTinore noad. Isiiie
MATTHTHS TS, AKC CTHODRELTI 3
BHEOPHCTAHHAM COUICHOLTIE, Mo
qacrtory 32 T, peioiadeHy k-
TOTPOHHI "HICTOT HOHIE KLThLLTH),

ODMMCHCHY 34 (POPMYI0R.
[ = qB/2am,

e g L foHd (g = 2e Cal*y,

=

e — 3apaa cnekTponn. B — smaruit-
Wil THAVKIN, 81— Maca oM
[Mapamerpn KM koHtpoao-

BILTH 3 0TIONMOTOK '|J\"|'!‘\P'-'i'¥|f.|1"|||"'

sudors mun AR Rlldy

ey MUrHETOMETN T Ilillll}'l'f"l:ﬂillil.'lll'l
KEAHTOROTO  iHTepdiepeHiiinnoro
AETERTOPA

Han  ceiriopol  MIKPOCKON|

ATICKCH KOPEHIB (3ABA0RBKRN 5 Mu)
drreysaan B 1 T-My LIOTAPANL-  pye | MepManoeanii expan
merizi Ta 5 %-my  popMANLACTI  Fig, |, p-metal magnetic shield
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{1:1) na kakoaunarnomy dygept (pH 7.2) niens 15, 30 1t 60 xp. rpasicrisyisiL
B IIMIT i KMTIL. 3pasku nocrpikeveann o | %-my OsO, 3a KiMHATHOT TEMIep-
TYPH, ACTULPATYBLIN B ETRHOAL TA CEPIAN ALETOHY | JATHELIH B CYMILL CMOd eno-
Hy Ta apanTy, Hanistomk 3pizy ToRIHOK 2 MES OTPHMYBUIN 1A YIBTPasMIKpo-
tomi MT-XL (RMC), dapbysann peaktinom udwha i voaviawnoris 6aaxnr-
HUM T AOCALLAY LTI ¥ CoiTiosoMy Mikpockoni Axioscope (Carl Zeiss. Hisewinna)

s konthokaIEHOT MIKPOCKOMIT NPOPOCTEY IHKYDVBLIN ¥ KLLI-cre md-
Hosmy (payopectentiomy Dapsuuky fluo-4 (Molecular Probes, CLUA) nporsrow
25 xp. v Tempuei nepen rpasictamyasiico B TTMIT § KM, Marpuanni posias
iHAMKATOPA FOTYBAAN B KonuenTpaiil | M y Beasonnomy nnmetiacyisdoxeiy
(DMSO) 3a [10]. Ocrarounn KOHUSHTPAIIN TABAHTAAYBLILHOIO POTIMHY 1H1-
katopa cradonu 8 MM, kingesiit o8'em — 1 s, Jlochie His npoBoiim b
KOHPORATBHOMY A03epHOMY cRadyiomomy Mikpockoni LSM 3 Pascal (Carl Zeiss,
Hisewrmnn) 3a nosxuny Xxeiai 30vixerna 494 wa, xenai esicit — 516 um, o
CTiLHY 30y posTsrHen s (A3P) nomkubow ~400 mem (Ha sineradi =800 sy
B KOPEHEROTO ANEKCH) CRAHYBLIN NONCPCK KOPEHH ¥ HIUNPHMEY BUL REPXHBON
0 HHAHBOIO BOKY MPABCTUMYILOBAHOMO KOpeHs. Mu npeictanisemo copeais
IHTEHCHBEHICTE dhavopecuenitii B nepii nososnui (200 ks J3P, nouwyawgy
Bl Mepuctesin, T8 apveiil nononad (200 mes) 3P, Kokuy nogosnny J13P
cabysmn apiv va sactann 100 M. dan mwoao peanoiuy T8 BAHOCHOTO BMICT)
IOHIE BUTLING ¥ RJHTHHAN OTPUMYBLUIN 3 BUKOPHCTAHHAM NPOTpIsHoro abesne-
yeHHs o Pascals, HKe NOSBOAHE KONBOPOBO KOAYBATH IHTEHCHBHICT) havopecien il
IOHIE Kakiio nicas obpodkn inavkaTopoM. [HTeHcHBHICT) (hayopecieHiil npi-
MO KOPEIIOE 3 KOHUSHTPALLER UHTOIONBHOTD KANLLIO 30 BULNOBLINOT 10RA L
xiui emicii |8, 18, 19, 21].

Peayasrath nocaiukens 1a ix odrosopenns

Mikpockoniammi ananiz. PenuinrarTn 200 UEKeH L NETTBEPANIN nonepenni aaui | 15
LLOA0 SMITER CHPSIMYBIHHA TPaBITPONIMHOT PEakill KOPCHH 3 noanrnenoro (pue. 2,
a, 0) va neratuene (puc. 2, & 2). [Mieasn 15 xo. rpamicrisyren v TIMIT o KM
AMUTONIACTH IMIHIORUTN CBOE TIOJOEEHHA Y CTATOUHTAY KOPCHCROID YOXTHRK:
Tlicna 30 xa. rpasicTHMyAsuil B KOHTPOAT AMITOMAACTH-CTATONITH MEPEsiy -
auen 1o pianuno HukHboro Boky cratouumie. ¥ KMIT avusonaactn mann tep-
DEeHUT0 CKYTIYYBATHCA B LCHTPI CTATOLUMTIE, MAcTo POInoauisncs YULORE 10E-
roi oci KAiTHHM (NOJoXeHHA aminoniacTis Bya0 nombHuMg 10 TAKOro 3 yMop
sikporpasitauii). Tlican 60 xp. rpasicrusmyasuil v TIMIT asinonascmin poataie-
BVBATMCH ¥ OMCTAnNeHIA vacTuHi cratoumTtin. ¥ KMIT aminonaacri-cratonity
AOKATYBATHCH LIS OHIET 3 NOIT0BKHIX CTIHOK Kaitud (pue. 3), Aapo sanmua-
AOCH ¥ MPOKCHMLTEHIT MaCTHHi CTATOUMTA N1 vac rpasictisyasui 8 TIMIT @ KM
AKTHHOBI thizaMeHTH, HKI OTOUYBLIN AP0 Td aMmilonnacTy ¥ crarountax, y TTMIT
ta KMIT posrinopyBaamcs 0aHakono.

PeavabTaTi NPOBCAEHNK HAMM CKCNEPHMEHTIB NIATBEPAKYIOTL (DYHKIIOHY -
BAMHA AMINOOAACT iH HEK CT&TDJTiTjH V CTATOUHTEX KODEHCROTO HOXIWEKH.
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Fie. 3. Amyloplast armngement i statocyvtes after 13, 30, and 60 min of gravistimulation in SMF
and CMI
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THCK, BOAHWUT | CONBOBIN CTPECH, IPRUITAM, LUOMIHIL T8 MIKPOOPEIHT M
Kaivsan 3P vigirpiaors soscinsy poas v rpasitponiasi |1, 307, 1112

ORI KANBRUIO ¥ APHCYTHOCT enetdsamoro (uIvopeciieHTHOR IHaAWRaTOp:
HCKPARD IVOPECIIOBATN ICASHM Y mapax eniiepyicy ma Kopi kopens. Yepe
1 xm, rpasicryyasndl B nepliiin noaowii 3P siadomweris Mid fireHeinii-
CTIO dIVOPECHeHIT FEL HIEHBOMY Td BEpXHLOMY DOKAN TPRmCTHMYIBORIHO T
Kopeds aopiniosuio L6 v KOHTpoai, B noctiinosy sarnitdosy noai (TIMT]
(raGn. 1, pue. 4, a). Tumaacom sk y KMIT — 0.8 (raba. 1, pue, 4, 41, Skwo npo-
pocTrn pocian v soal 3 Cally, il BIIROWCHES LIS AEPLIOT HOI0BITH 3P v 1M
1 KMIT popierosann 1.5 1a 0.8, sunosiino (taba, 1), ¥ RoHTpoal, v apyris no-
Aot 3P, sidnomennn sid ITeHCH BHICTO (hAVOPCCUCHINT Hil HIUAHLOMY T2
BEPAHLOMY DOKAN TPABCTHMVALOBEIHOID KOPCHS, s BUpic v Boa, bDyiao 1.3
(rado. 1) s apyreol nonosnin JI3P kopenin, o savaan snanesy KM, siano-
LICHHY MiA THTCHCHBHICTIO duavopecie il Ha HIGRHBOMY T8 BePXHBOMY DORIN
TPRIRICT MY BORAHOIO Kope s topisiomeio Db (tada, 1) Y apyriin noaosurai J13F
ans pocani, obpodacnnx CaCly nut wac BRPOITYBAIHA, BUIHOWCHHA MIK IHTEH-
CHRHICTIO PAVOPCCUCH LT HIl HHAHBOMY T BEPNHBOMY DORIN FPABICTHMA LOBI-
Horo kopeus Gvao 300 0.7 — v konorpomn s KM, sianosiino Ceada, 1),

MHesm 20 k8. rpastetnsyasdl B nepunid noaosni 43P suinowenns inren-
CHIHOC T UIvOPCCLCHLIT HA HIATHROMY T8 BEPXHLOMY DOKAX FPABICTHMYVALOBIHOTO
kopens v TIMIT | KMIT wna npopoctiis, Skl supocin v soa, gopisiosano 1,7 1
1,6, slanosano (tada. 2, puc. 3. @, 0). ¥ 0pucyTHOCT] 30BHILIHLOTO Ca** ueit no-
Kastk aopisriosas 1.7t 0,7 L8 ripasic i san i BOBIH I KOPEH TS, SKT 3a3HL010 BTN -
By TIMIT 1 KMIT, sianosiano, ¥ apyeid noaosous 13 P take suadowsc i 3061k -
BU10CH 40 2.2 10w rpasic THMYAL0BaH KX kopedis v TIMTT ta smenyviicioes no 0,5 —

Farinis 4 Tnrencuunicts davopecuennii onin Kimnin, 10" 85y 0 coenndiimnyg
duyopecucnriny ickatopoy Nuo-4, v JI3P micas 10 xe, rpasicresyasnii, ym, oL

S, A Cepeannmime I8 POpoeTK
SRR IEF R (IR H] nogn 3 Call,
nepLn BEPX 115.91+3,3) 149,75+2.43
1 i 4, 4355 23105394347
fMn NOJAOBNHA HIY 154,435,510 0,39
apyra BEPY 130,3942 26 72,37£1.13
MOTORNHA HI3 194,593,088 2210512 80
nepii BEpN 155,074,077 232,833 45
KM MOIOBHHA WK1 116,242 36%== 92 2612 Q5=
apyra HEPX 159,324+3.53* 193,771 2.67"
MORORHHD HE [(H), 5422, 4] % 128,39+2, 23"

Mpwsir e (rvrios rafouusx 2, 3). Cepenne + CTanaapTHe Bxuaedns; ***p<0.001 wa neis
IHAMCHE; *HBEPXs Til sHM3s OIHOYAH0TE BEPXHIT Ta HIKHIH GOKI FPARICTHMYLOBIHOTD KOPCHE.
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Poc. 4, [HTeHCeHERICTE havopecue il ioris K mcas 10 xn, rpamcasyaniin ¥ nepuiii

PO T AHETI RHOT J0HN POSTHIHEHHA KOPEHI, BEVANTIOBAHUA 3 BHKOPHCTIHHAN KoHipo-
KOO RHOT Uepiol ckanymuisHon sMikpockonin. ¢ — TIMIT, 6 — KMI]

Fig 4. Fluorescent intensity of calcium ions after 10 min. of gruvistimulation i the first hall of a
rod distal elongution zone visualieed with confocal ser sconning microscopy: @ — SME. 6 — CMI

y KMIL 3a nasisrocti CaCly BUIHOWE HHS IHTEHCHBHOCTI QUINOPCCUEHIIT Y APYTIH
noaasul A3P rpasictusmyasosannx kopenia y TTMIT 1 KMIT eranopnno 2.0 1a
0.6, sianopinnoe (Tabn. 2).

[Ticas 30 xu. rpasicrumyasuii B nepiil nonosuHi 13P BUunoweHss MK IHTCH-
CHBHICTHY ‘El.'|'_'|i.3lr5\"\.'|.ll.:'|'|ili.| Hil HHAHBOMY Tl BOPXHBOMY DOKAX |F'|.|.E‘|!L'|.||\|j'|.“ﬂ..:ll‘”l'
HOLO KOPEHA IMentvewtoct Ao 1,2 nopisHaso 3 o6oMa NOTePeaHiME HaCoBHMI
iHTepmanavu and gkopenis v NTMI (raga. 3, puc. 6, g). Bianoiwedss iHTeHcHe-
HOCTI IyopecHeHIT Ha HHAHBLOMY T BEPXHBOMY BOKAX MPARICTHMYIBOBAHOTO
kopers meas 30 xp, vy KMIT (0.5) Gyao nopidbuum ao takoro ans 20-xsiinHHoro
inrepsany (0,5) T4 MMM 30 IHAUCHHH PR rpagicTnMyaswil nporarom 10 xa,
(1.6} (rabGn. 3, puc. 6, 6). Hxwo npopocrrn pocan y soai 3 CaCl,, BIAHOWEHHH
inTeHcnsHocti dyopecueriti B nepwiin noaosudl A3P 3a ymos TTMTT amernuy-
B 1OCH 0 |.l‘l !IHDII!-HJ-HH'I i lIHl;l_"I'll_‘,!III\I|I HYACOBHMN l|:|rl_'r.l|.1iL"|\.|.\1|'[. d [LH KOPCHIB,
nuptadny 1l KMIT, ve BiaHOWeHHE KOTHBUIOCH NPOTHIOM 3MIHH Yacy rpasicTi-
sevarsudl (tadnnu 1—3). Dag apyvrol nonosuin 3P kopenin, o prnpociu v Boai,
#K 1B nepuiin noaosidl J3P, BuiHOIEHHA IHTCHCHBHOCTT (UIvOpPCCLLeHLLIT IMEH -
wyewoes a0 1,5 y TIMIT (taba. 3). Bianowedus Mik iHTeHecnsricTio duiyopec-
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B pOCHEH
Gk

[ Dstanue 1um i

Puc. 5. THTCHTHBHIC TS (DIVOPECICHIT TOHTE KR e/t 20 S H PPUiae Ty s e o e
TR T ST RO OHE POITHEHEHIH CROPEIRY, W IUEIOBRHIE 3 RIE e T s gordg
RATIHOT A03ePHOT CRANY ITRHDE Mikpockoniy a — TIMIL, & AT

Fig, 5 Fluorescent intersity of calciem ons after 200 nun of gravistimualabion in the first halfof a rod
dhistal elongaton sone vistalized with confiscal Bser scanning microssopys @ — SMFE, 6 — CMI

Fadiiees 20 Twrescusnic v duayopecuenmid ionis Ko sinin, 10" aunms 3 cneimfirmmns
doavopecuenTns msaropoy Nuo-4, o L3P mican 20 o, rpasicrasy s, yM. oL

Vikgin T3P s . Copeauiiime s ||;1-l|_1-.l.:'l..|-_ .
Ly L TR RSR AT A waaa 3 Call

MepLug (ITURES 99,043,000 102414196
ORI H HINE 169, 10+4.08 174,85+2.72

TINR e - L e = ol
APy HEPS T4.45+2.2% 12304131
OO HIS 164, 64+3.04 202432252
e | HEPA 1816913 40%** P s B o P S

|

RO G | HIls 107, 8011 . 69%" 153,354 |§eee

kAT e e o e
ApYTa | BN 126.78+3,53% 195, 4422, 7|
OO H HIY 66, 37%1, 36" 119, k2L g e
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Pagz. 6. THTeHcusHicTh qEivopeCiie i I0HIR KTnie mican 3 xXr rpapcTaMy s ¥ nepuin
TR NS T RHOT 30M I POATHLMEHHR KOPEHKID, BIIVUITI0BIHNE T ANKOPHCTAHHAM KoHi|H-
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Fig. 6. Fluorescent intensity of calcium jons after 30 min. of grwvistimulation in the first hall of o
root distal elonesion sone visualized with confocal laser scanmng microscopy: @ — SME, §— CMF

Tufs 3 Intencuedics hayopecuesnil ionis Kaakiino, 38 A5anns 3i cnemwdicumy
dayopecueHtam imkaTopoy Muo-4, v JIIP nicas 30 xs, rpasicramyasmii, yM, o1,

i .-L'|'H.'_‘.l HEHEIE JLTH TIPPOCTERR

¥ monn FIES e =
FPABICTH MY AL B reta 3 Callly
e BEPX 119.48+2,39 160,584+2.54 ]
nmsn HOAOBH HA M3 145,824£3,75 215,31£3.02
Apyra Hepx 92.9622,16 119.0741.54
L G T TR HI3 138.92+2.87 214,19%2.74
- nepu BEpX 186,633 33 22T 9013, 13+
KMI NENOBHMHI nI.H_ _] l],lM_'J-.E.;:'“ l"'IJ.J.t.;:::“_‘"
APy BEPX 149.95+3,53%=* 202,192 §3=*=
MOAOHHHA BT R ff,l!l v | IFI_T'\_4“F_'|_'_TTE§."-”
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FpasicTies yas s

Moasrrunmmit Heramnsnni
FPARITRONI M TPUBITPONIIM
y nMn v KM
+ [Mepesimenns +
AMUNONAACTIB-CTATOAITIE
Jlokanizatis craToniTia:
FaiHa NOIOKEHHA 15 xi. AntiHa NOEEHHA
CeanmeHTaiix CryneHHs
N0 ANCTANBHO] 30 xn ¥ HAMpAMEY
HACTHHE CTATOLLTS O ECHTPY CTATOINTI
Jlowwnisania Nokanizanis Guom
B AMCTANLHI B0 X B IO TTOCTO R H b
WHCTHHE LTHTOIIT CTIMKW CTATOWIETE

CraTostitin, aToMeui
+ CITROK) AKTHHORIY +
sk podiasen

Hus i Gik T Bepxwin dik
FPARICTHAMY I LOBIHOTO Nepeponoain Cu! FPUBICTIM YT WO BIHO O
KOpEHs 2 Kopeis

+ [Menupsnit HEBLIOMO |

TRAHCOPT yKCHHY

Pue, 7. Tpasirponivuag peakiin kopenis y TIMIT 1 KM
Fig. 7. Root grovitropic reaction in SMF and CMF

LHEHILT HA HILKHBOMY Ta BepxHbOMY BOKax TPaBICTHMYILOBIHOTO KOPCHA T0Pik-
Hwosano 0.5 3a ymos KMIT (rada. 3). [Tieas 30 xe. v apyrid nonosuri 3P wen
MOKATHHE HY HIKHBOMY Ta BEPXHBOMY DOKAX IPABICTHMYILOBAHNX KOpeHIB, ob-
pobacHux nia vac supoutysanua CaCl,, cranosur 18 1a 0,6 aan TTMIT @ KMILL
BLIMOBIIHO (Tabn. 3).

Orae, NOKAFIHO, WO HETAaTHRHA TPABTPONIMHA peakiis kopers B KMIT mac
OIHaKH HopMansHoro disionorivioro npouecy (pue. 7).

Sk BUIOMO, TPABICTHMYAALLES THILIOE WHAKKWA pyx joHiB Ca® 10 HHAHBOTO
Goky kopens [24]. B pesvasTati KOHUSHTPALLS KATLILIK B CTIHW NUIBMILYVETHCH B
F0HI, I8 MEHILOIO € WBHAKICTE POCTY, TA SHHAVETHCH B 3011 NPHCKOPCHOMD POCTy
|18, 20]. Byno nokasano, W0 BHCOKA KOHUSHTPALLIN KAIBUIKD ¥ TRAHWHI CVTTERO
iHriGye picT 1 kaitnn 9],
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Mu sriepnie nokasun, uw npy rpasicresyasi’ s KMIT sianocsuin saict
Ca®™ v ANCTAILHIN 30HT POTIHIHEHHA B HA BEPXHLOMY, VBIFTHVTOMY Dol
IPABICTHMYILOBIHOTO KOPEHS, KO NPOPOCTKY POCIN ¥ 4HCTiH Boti abo 3 CaCl,,
Lo TOro # BUIHOWEHHS MUK KOHUCHTPALEO 10HIB KATBUID Ha HIKHEOMY T
BEPYHLOMY DOKAN TPABICTHMYALOBAHOIO Kopens B KMIT mMenue 30 rake v KouT-
poai. Npueyrricrs sosHitineoro Ca®' y 8o Ml 4ac pocTy NPopocTKis 30UILIY-
BT BUIHOMEHHHA KOHUCHTPALN 10HIB RATBUIK HA HHAHLOMY T BCPXHLOMY DO-
Kax rpapicrumyabosanoro kopens g NMIT @ KMIT.

TMepia noaosnia 3P xapak e puavBaiacs 3HRSHUM JATC U bHIM NEpepoi-
MOALIOM 0HIB KabUio NOPIEMATO 3 APYIOI0 HEIUICAHO BlUL YMOB FpaBicTimMy-
astuit (v TIMTT un KMTT) 1a supoiysanns npopoctkin (y uncriit som un 3 CaCl,).
B obox nonosunax JA3P naiinosimaiwmin nepeposnonin Ca?* sunmieno nicas 10
o 20 xB, rpasicTumyanitii B koprponi (ITMIT), HesweaHO BiL YMOB BHPOLLYBAH-
v, ¥ KMIT safisnpassicsit aarepaisinit nepeposnoain Ca'® cnocrepiranm nicas
30 xu1. rpagicTHMyasLT

TTpHNYCRAETHCH, 1O B YMOREY KOMBIHOBAHOTO MATHITHONO MOMH 3 SACTOTOK),
PEIOHAHCHOR LHKIOTHONIHTA SacTo T I0HIS KVILUI0, 3POCTIe CHEPris I0HIB 1, OTHe,
IMIHIOETLCA WBMAKICTL oDepTaHis 14,/a00 HAnpaM WOHHUX DOTOKIE ¥ KOPEHIX
MpopocTrIB L, safivim, (10, H HAILY JIYMEY, BULTOBLE MOLEA] ioHHOTO MKI0-
TRonHore peionadcy B Giocucresax, sanponodoranii Jibosus [17]. My tipu-
MYCKIEMO TAKO®, Wo npy rpasgicTiayvasnil B KM ninsuiyeTees « My TieicTbs
FOHIE KT BLEIO A0 HANPAMEY rpapittiiinorg sekropi. biocackrpuani rpatienin,
SIKE CTROPIOIOTHCS B pesvabTari tpauciopry ionis Ca*" 1a H' kpisb memOpann ta
CHPHAENHIOIOTECH TPRBICTHMA G OChOBNX Oopraain [ 24], MOmYThL TAKDK IMIH -
gaTnen vy KMI

Taxkus 4HHOM, OIePRAHT PERTILTATH HITRO IeMOUCTPYIOTH VIUCTL TOHI Kilb-
WO B rpamrpaniiein peariil pocani, Mogansinn 10CaiReHHA MAI0Th CITPAMO-
BYBATHCH HA BCTAHORASHII MEXAHIIMIE JATCPANLHOTo nepepoinoniay ionin Ca’™
V BUINOBULL Hd PPABICTHMyIsiiin,

Bukopucranis Moacm Heratipiol rpasitponiviol peakuil kopedis v KMIT 3
HACTOTOR), PEIOHANCHOK WKAOTPoHHI YacToT! ionis Ca?™, € NEpPCHeKTHBHIM s
NOLATHIIOrO BUAMECHIA MEXAHITIMIB MPARITPONiIMY POCTMH, 30KpeMa ponii {odin
KABIIO B IX POCTOBUX PEaklilny,

Bucnoskn

I, Tlosuriiia rpasiTportitia peakiis kopedis y KMIT 3 sactoronn, pesonaicHon
LHKAOTPOHHIN 9ACTOT IOHIR KUIbIIKY, SMIHIDETHCH HA HeraTHeny. Peakuin siaby-
BAETHCH JBHUAHNY iIO0rvHuN YHHOM, WO TPOARISETLCH ¥ 3THHI KOpeHs, ane
¥ HATIPSAMI, OPOTHACKHOMY [PARITALIITHOMY BEKTOPY,

2, Monaenb HeratHBHOL rpasiTponivaol peakuil 8 KMTT 3 yactoTow, pesoianc-
HOW UHEAOTPOHHII Yactori ionin Ca’', PCKOMEHAYETRCH HE HOBA T4 NEPCIek-
THBHA U159 MAHOVTHIX AOCTUIKCHB MCXAHI3MIB rpasiTporniamy Ta poii iosis Ca®™ y
thizionorivHMY PeaKLlifsy poCTyY POCIHH.
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LB, Kocakinceka

E Kopdou', MA Cotioas’, .M. Kewurwuna', H A, Bocamuna’, H 8. Wetwuna’
"Mreriryt Goranmen ws. HLE Xonoasoro HAH ¥Yepasne, r. Kien

AR -TEXHHECK W MHCTHIVT HIvsHX Temnepatyp usm. BH, Bepruna
HAH ¥Yepain, r. Xapsron

BIVIONIMECKOE AEHCTRHE KOMBIITHPOBAHHOTO
MATHUTHOIO NOJH HA TPABUTPONNHECKN K PEAKILITO
KOPHH LEPIDIUM SATIVUM L.

OBIENIBCCTHD, YTO NCPRHMHEC KOPHIL TPOSHIHRIT NOSMTHBIE TPABHTPOITHIM 0 PACTYT B
HANPAKIEHHN BCKTORA FPasiiTiamnnm, B 70 Bpesis Kk CTeON HANRKITEH HETAaTHHEHD AU TPOI-
HEMI W PACTYT B IPOTHBONOA0KHOM HAMPARIEHIN OTHOUHTCTBHO FPABITLUNOHBEOI0 BEKTODA.
Mit BRepBsie HPOASMOHCTPHPORIL NTO HCHOILIORIHIE CHaBore KoMBHHHPOBIHHOTO Mar-
HirHoro toms (KMIT), KoTopoe cocTouT 13 moCTORHHOTO B HepeMeHHOIO MArHHTHRY [0A¢H
€ YUeTOTORN, PEIOHINCHON HHEIOTPOHHON YACTOTE HOHOR KILTRITIH, MOALUT HIMEHSTL Fpasit-
TPOMHHCCRYRIY PEAKILIEY KOPHS € (IMTHBHON W Meramiiyi, JTeyseyroussie (popecTki
Lepecdiim sativiem L (Bravsicaceae Burnetl) rpaBucTHMYINPpORUIn B KaMepe, paise e
WHYTPR DEPM@Ionanero skpanan, me coytsock KM Menoasiya oy sHouy i soiacibe
FPain PO RON PEAKLIG KOPHE, Ml WL HEKOTOPLIC 8¢ KOMIOHCHTE], BRITHMLH 10 -
FEHME AMIIOIIACTOR-CTATOANTOR B CTAIOUMTUN W pachpeieieHiie nodon Co'" o apncTanumod
WOHE RCTHRCHIN BO BPENH TPABMCTHAYIHIIN.

B otanuane ot KOHTPOAN., AMAOIURTI He CCONMEHTIPORLIN B HQITPARTEHAN JIHCTI -
HOIA Ty eTatolnTs b npopoctias 8 KM, nosn Kb KRy M THPOBuimneh Ho RepxHen
CTOPORE FPIRRCTHMYAMPORAHKOTO Koprd. B Kopuss npopoction noa savsases KMIT rpa-
AUTPOTHMCCKARN PCAKLIAA HMEI NPHIHIKN HOPMILHOTO Qi Tnoaor iHeckoro npolece, He b
PEIVTRTATE KOPHH HITHGMINCE B IIPOTHROIOI0H HOM HATPURICH NI T8 Pesyib sl noar e p-
FRAOT YHACTHE @MUIOIIACTOR-CTATONM TOR 1 HOHOH KGNS B CPABHTRONNMECKUN peasiing
pacTesni.

Kamwueane caoada KomGupuposantoe sacaumuoe moe, Kaosiat, Lepidiom sativam,
CPAELC M VIRILR, SPOENEOIE N, KOPHESON $ELTHN

EL. Kordvam', M.A. Sobal', JAM. Kalinina', N 1. Bogatina®, NV Sheyking?
Hinstitute of Botany, National Academy of Sciences of Ukemineg, Kyiv
Institute for Low Temperature Physics & Engineering,

MNational Academy of Sciences of Ukraine, Kharkov

BIOLOGICAL EFFECTS OF THE COMBINED MAGNETIC FIELD
ON A LEPIDIUM SATIVEM L. ROOT GRAVITROPIC REACTION

Primary roots exhibit positive gravitropism and grow in the direction of the gravitational vector,
while shoots grow opposite to the gravitational vector. We it demonstrated that a weak combined
magnetic field (CMF), which is comprised of a permanent magnetic leld and an alternating
magnetic feld with the Trequency resonance to the cvelotron frequency of calcium jons, can
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change the direction of oot grivitropism. Two-day-old Lepidivm sativem L { Brassicaceae Burmett)
seedlings were gravistimubated in a ¢hamber that was placed imto p-metal shield where sucl
CMF has been created. Lsing this snew models of o rool grvitropie reaction, we have studied
some of its components, including the movement of amyloplasts-stataliths in ool cap statocyies
and Ca® jon distribution in the distal elongation rone during gravistimubation, In the CMF
unlike control, amyloplists did not sediment in the distal part of a statocyte, and more Ca®”
aecumulation was observed in the upper side of o grovistimulated rool. A roo gravitropic reaction
cecurs by a normal physiological process resulting in root bending in the CME although in the
opposite direction. These results suppart the participation of amyloplasts-statoliths and caleium
1wns in plant gravitropism.

Kev words:  combined sugneric ffeld, cofeium, Lepidium sativam, gravistimelaton,
LrEVITPOpIEm, oot cap.
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