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PaHee 6bln10 MoOKasaHO, YTO KOMBMHMpOBaHHOe MarHuMTHoe nose (KMI), HanpaBneHHoe
napanfiefibHo Ccune TSXECTU, MOXET CYLEeCTBEHHO W3MEHUTb PaBUTPOMUUYECKYIO peaKuuto
pacteHmin [1-5]. 3SddekTol HabnwgarTCca ANS  OnNpedeneHHblX  4acToT NepeMEeHHOoN
cocTaBnsitowlen KOMOBMHMPOBAHHOIO MarHUTHOrO nons, QopmanbHO coBNagaroWwMx C

UMKNOTPOHHbIMW 4YacTOTaMW WOHOB Ca2+, K2+, Cu2+, aykcmHa, abcumsoBOM KMCAOTHI,

rm6bepennnHos. (KMIM - 3T0 KOM6MHAUMS MOCTOSSHHONO W KOJIJIMHEAPHOrO €My MepPeMEHHOro
MarHMTHoro nons). OcobeHHO Benuk 3adhdeKkT ANna 4YacToTbl MepeMeHHOM COCTaBASOLWEN,

coBnagatwowen C UMKNOTPOHHOM 4YacTOTON WMOHOB Ca2+. B 3TOoM cnyyae wu3MeHsieTCsa 3Hak
rpaBMTPONMYECKON peakuMM KakK ANsi KOpHeW Kpecc-canaTa, Tak M ropoxa. [o Hacrosuiero
BpeMeHn HeT obwen Teopuu, obbAcHAWLWeENW Bce Habnwgaemble 3ddekTbl. [M03TOMY OUYeHb
BaXXHO BbISAICHUTb, 3aBUCUT NN Habnogaembli 3pdeKT OT OpMEHTauUMM KOPHEN OTHOCUTENbHO
HanpaB/eHNs MarHUTHOro nons. IMeHHoO 3ToMy BOMPOCY M MOCBsLeHa HacToawas paboTta.

MATEPUAJIbl N METOAbI

Cxema 1cnosb3yeMor yCTaHOBKM NpMBeaeHa Ha puc.1

MepMannoeBbli 3KpaH C AHOM 2 pa3Mewanu Ha pe3uvHe 1, gemndwupyowen subpauymu.
BHYTpn 3KpaHa pacrnofnarajimcb KojbLa 3 W3 HEeMarHWTHOro MaTtepuana, UeHTpupylowue
obmMoTkM coneHompga 4 W 5 OTHOCUTENbHO UEHTpanbHOMW oOcCM 3KpaHa. 0O6mMoTka 5
NMCNoNb30Banacb Ans CO3A4aHMsA MOCTOSSHHOrO MarHUTHOMO MoNns B coseHoumae, obMoTka 4 - Ans
CO34aHMs MepeMeHHOro MarHMTHOro rnons B cojleHouge. 6 — moacCTaBka M3 HEMArHUTHOrO
MaTepuana, Ha KoTopon 6bina pa3MeweHa BAa)xkHas kamepa 9 ¢ obpasuamm (KOpHSMM Kpecc-
canata M Kykypy3bl). B kamepe 9 Ha noactaBke 7 pasMmewann KopHu 8 (ABYXCYTOYHbIE
NPOPOCTKM Kpecc-canaTta UM KyKypy3bl). KopHM pacnonaranmcb B ropM3oHTanNbHON MJIOCKOCTU
Kak napanfiienbHO BEKTOpY MAarHMTHOrO MOJA, Hanpas/ieHHOro BAOJIb OCU 3KpaHa, Tak WU
NnepneHAMKYNsapHO BEKTOPY MarHUTHoro nons. B oboux cnydasx KOpHU GblIM OPUEHTUPOBAHDI
nepneHaMKynsapHO BEKTOpPY CuMbl TaXeCcTu. TemnepaTypa B Kamepe cTabunusmpoBanacb C

TouHOCTbI0 40 £ 0.2° C. BHewHuit Bug YCTaHOBKW NpuBeAEH Ha puc. 2 n 3.

Ona HabnwogeHna 6uonornyecknx 3hEdPekToB KOMOUMHWMPOBAHHOIO MarHUTHOro Mo
HeobxoammMo, 4TO6bI OAHOPOAHOCTbL MOCTOSIHHOM COCTaB/SIOWEN MarHUTHOro nonas 6biia He
MeHee 1.5 %. Takass 04HOPOAHOCTb B AAHHOW KOHCTPYKUMWM obecneumBaeTcs B LWIWHAPE
anametpom 60 - 70 MM BOKpPYr OCM WM BAOJIb OCM Ha pacCToOSAHUM nuwb 8 — 12 MM. Takum
obpas3oM, B ciiydae, Korga KOpHW pacrosioXXeHbl BAOMIb OCU 3KpaHa, ASIMHa KOPHSA He A0JKHA
npeeblwaTtb 8-12 MM, u4Tobbl 06BLEKT MCCNefoBaHMsA MNOJSIHOCTbIO Haxogmncs B obnactu
MarHMTHOro nons Heo6xoaAnMMOM OAHOPOAHOCTM.

Heobxoanmass o4HOPOAHOCTb MArHUTHOrO MoOJs OnpeaenseTcs WUPUHOM pe30HaHCHOWM
KkpuBoi 6uonornyeckoro addekTta, KoTopyto Habnwoganu paHee [2, 3, 6, 7]. O6bluHO OHa
coctasnset 1.5 - 2%.

Tak KakK 3a4acTylto MCnosib30Basiacb ANMHA KOpHS nopsaka 15 MM, Heobxogumo 6bino
nob6aBuTb 06MOTKM Ha KOHUaxX cofieHouaa, KoTopble 6bl yBennumBanu obnactb 04HOPOAHOCTU
MarHMTHOIO NMOAS U MO3BOJINUAN UCMNOJSIb30BaTb KOPHU TaKOM ANMHBbI.
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Puc.1. Bug akcnepuMeHTasbHOM YCTaHOBKM B pa3spese. 1 — aemndupyouian
pe3uHa; 2 — ABYXCJ/IOMHbIA NepMalJiIoeBblii 3KpaH C AHOM.; 3 - KoJsbua 3 U3
HeMarHiTHOro Marepuana, LeHTpupyrowme o6MOTKkn cosieHomaa 4 U 5 OTHOCUTEJIbHO
LeHTpaNbHOM OCM 3KpaHa; 4 n 5 - 06MOTKMN coneHompa; 6 - noacTaBKa U3
HeMarHiTHOro Marepuana; 9 — BnaxHasa kamepa; 7 — noactaBKka U3 HeMarHiTHoro

MaTepuana BHyTpu B/1a)KHOW KaMepbl; 8 — KOPHM Kpecc-casiaTa Win KyK 3bl.

Puc.2. BHelWHUiA BUA YCTAaHOBKM Puc.3. BHelwHui1 B4 BHYTPEeHHeN 4yactm
c6boky. YCTaHOBKMU

B xode 3KcnepuvMeHTa 6blM M3MEpeHbl MarHUTHblE LYMbl MEpMasioeBoro 3KpaHa,
PacrosioXXeHHOro ropM3oHTasIbHO, C MOMOLWbO (EPPO30HAOBOrO0 MarHUTOMETPA M aHanMsaTopa

cnekTpa B 06/1acTtu 4acTtoT oT 10'4 A0 100 Ny, a Tak e C NMOMOLbI MHAYKLUMNOHHOMN KaTYLWKN U
Y3KOMONOoCHOro ycunmntena ¥2-8 B obnactu yactoTt oT 16 'u go 100 kly. Takxe 6bi1 namepeH
Ko dUUMeHT ocnabneHmss MarHUTHOro MoJjiss, U Ha OCHOBE MNOJIYYEHHbIX pe3ysbTaToB Obis
paccyMTaH LWYM 21EeKTPUYECKOro Noss BHYTPU aKpaHa. MNMonydyeHHble pe3ynbTaTbl NpuBeAeHbl Ha
puc. 4, puc. 5 n B Tabnuue 1.
Kak xopolwo BMAHO 13 pMCyHKOB, B obnactm 4yactot 5 - 10 Iy cywecTtsyeT 3 nuka (okono 5 Iy,
8 u un 9.5y) n 3 3ameTHbIX Nuka (npmn 50, 100 1 150 u).

M3MepeHMe cnekTpasbHOM MNOTHOCTM MarHMTHOrO LWyMa B 3KpaHe MnpoOBOAMIOCH
cneaywowmMm obpasom. CHadana u3Mepsann BeNUYMHy aperda MarHMTHOrO nonsl B 3KpaHe B
TeyeHne CyTOK C nomouwbl (peppo30HAOBOr0 MarHMTOMeTpa, coeanmHeHHoro ¢  ®dypbe

CneKkTpoaHaau3aTopoM. DTo Aano KpuBYk B obnactu ot 10'4 'y go 100 lu. 3aTteM Cc NOMOLWbIO
MHOYKUMOHHOM KaTYLWKM M Y3KOMOJSIOCHOrO ycunutenst Y2-8 mnaMepsnim MarHUTHbIA LWYyM BHe
3KpaHa B obnactu vactoT 16 Iy — 100 kly. MonyyeHHble 3HA4YeHNa Aenunan Ha KoadpduuneHT
3KpaHWUpOBaHUSA 3KpaHa.
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Puc.4. 3aBUCMMOCTb aMMJIUTYyAbl CNIEKTPaJZIbHOM MJIOTHOCTU MarHUTHOIO WyMa oT
4acCTOTbl BHYTPM 3KpaHa.
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Puc.5. 3aBUCMMOCTb aMIJIUTYAbl CMIEKTPaJZIbHOM MNJIOTHOCTU LWYyMa 3JIEKTPUYECKOrro
noJis OT YacTOTbl BHYTPM 3KpaHa.

KoadpdnumeHT sKpaHMpOBaHUSA 3KpaHa onpeaensnu cnegywoowmm obpasom. Becb askpaH
noMeLlanm B 60nbLWONK CONEHOMA, B KOTOPOM cOo34aBasin 60/blioe MarHUTHoe nose. Mamepsanu
3TO MoJjie Npu OTCYTCTBMU 3KpaHa, a 3aTeM Mpu ero npucyTCcTBUM BHYTpPU 3KpaHa. OTHOLWeEHMe
BHELWHEro MarHWTHOrO Mojs K TOMY, 4YTO MPOHMKIO BHYTPb 3KpaHa, U eCcTb Ko3hduuMeHT
3KpaHupoBaHusa. Ero 3HauyeHus npusegdeHbl B Tabnuue 1. TyT HeobxoAMMO OTMETUTb, 4TO
BE/IMYMHbI MAarHUTHOIO WyMa, MoJlydYeHHas 3TMMKU ABYMS pa3HbiMM MeTodamu, B obnactu yacrtoTr
16 Ty — 100Ny, xopowo corfacyTca Mexay cobon.

Tabnmua 1. 3aBMCMMOCTb MPOAOJSILHOMO M NepneHaAuKynsipHoro  KoadduuneHToB
3KpaHWpOBaHUSA MepMasnsioeBbIM 3KPaHOM MEepeMEHHOr0 MarHUTHOro nons, KoadbduumeHTta
3KpPaHMpPOBAHUS 3SKPaAHOM MEPEMEHHOr0 3NEeKTpUYeckoro nonas , rAybuHbl MPOHUKHOBEHUS
MepPeEMEHHOro MarHMTHOro nonas B nepManaoin 79HM m BONMHOBOro COMNpPOTUBIEHMS NMEpPMannos
79HM OT YacToTbl BHELIHEro nons .

f, My Sk Se. Sk 310 Z. nepenmy OM
20 11 34 304698 8.6 9.9 x 10-4
30 12 36 303539 7.4 1.2 x 10-3
40 14 38 347010 6.1 1.4 x 10-3
50 16 46 387300 5.5 1.5 x 10-3
60 17 51 409875 5.0 1.7 x 10-3
70 18 56 420745 4.8 1.8 X10_3
80 18 57 435091 4.5 2.0 X10-3




90 19 58 459493 4.3 21x103
100 20 58 547052 4.0 21 x103
120 23 61 595520 3.8 22 %103
130 26 64 611720 3.7 23x103
140 29 67 684135 3.5 2.4 x10™3
150 32 70 780935 3.3 2.5 10 3x
170 39 75 794910 3.2 2.7 x10™3
200 45 80 944055 3.0 28x 103
250 60 100 1022541 2.9 2.9 x10™3
350 107 140 1379510 2.6 3,2 x 1073
450 168 194 1514295 2.5 3.4 %103
500 240 240 1583110 2.5 3.4 x 1073
550 327 277 1632281 2.4 3.4 %103
600 375 297 1788928 2.4 3.4 x 1073
650 422 315 1813920 2.4 3.4 %103
1000 1560 920 1892100 2.3 3.8x 1073
2000 2230 3543 2590274 2.1 4.1 x 1073
4000 2900 6356 5182931 1.9 4.7 x 1073
9000 3437 8546 8790100 1.8 4.8 x 1073

10000 3571 9090 1.3 x 10’ 1.9 4.8x 103
20000 5913 4760 1.3 x 10/ 1.5 57 %1073
30000 1687 2354 3.3x 10’ 1.3 6.2 x 1073
40000 1111 1332 3.7 x 10’ 1.2 6.8 x 1073
50000 555 344 54 %10’ 1.2 79 %1073
60000 333 300 1.05x108 1.1 79x 1073
70000 313 292 1.06x108 1.1 8.0 x 1073
80000 203 210 1.06x108 1.1 8.0 x 1073
90000 250 200 1.1x108 1.1 7.6x 1073

Mo wu3BecTHOW (M3MEpEeHHOW HenocpeACTBEHHO) CrMeKTpanbHOM MAOTHOCTM MarHUTHOrO
lWyMa BHYTPUM 3KpaHa MUCMONb3yss W3BECTHYI CBSA3b MeEXAY BEKTOpaMW 31eKTPUYECKONn
A

Hanpa>XeHHOCTU U HaNpsA>XXeHHOCTU Hll MarHMTHOro noJsia BHYTPW 3KpaHa, 6blna BblUMUCEHA

crnekTpanbHad MJOTHOCTb MNEpPEMEHHOro 3/IeKTPUYECKOro nofas BHYTPUM 3KpaHa. Mexay
Hanpsa>XeHHOCTbl0 MarHUTHOro nonsd Hll M HanpsaXeHHOCTbK 3J1IEKTPUYECKOro nosid CBA3b

onpeaenseTcsa GopMynomn
E.=H)|(wHok/20)*,
roe H;, - npogonbHaa KOMNOHEHTa NEPEMEHHOro MarHMTHOrO Moss B 3KpaHe, £ - nonepeyHas

KOMMNOHEHTA MNEPEMEHHOIN0 3JIEKTPUYECKOINo noJsid B 3KpaHeE, W =2nf - Kpyroeasa 4actoTa
MarHMTHOro non4, /JO - MarHnMTHasa npoHMUaeMoCTb BaKyyMa, U — OTHOCUTEJ/IbHAA MarHMUTHaA

NPOHMLAEMOCTb NepMasnos, o — yaenbHas NpoBOAMMOCTb NepMasnsios.

Ha puc.5 npuBeaeHa 3aBMCMMOCTb PaCUYETHOrO0 3HAYEHUS aMMNAUTYAbl CMEeKTpasbHOW
MAOTHOCTU NMEPEMEHHOrO 3MEKTPUYECKOro nonsi B paboyeMm o6beMe MepMassioeBoro 3KpaHa oT
4acToTbl. XOPOLLO BMAHO, YTO 3Ta 3aBMCMMOCTb MMEET MAaKCUMMyMbl Ha TEX Xe 4acToTax, 4To U
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3aBMCMMOCTb aMMAUTyAbl CMeKTPasibHOMW MAOTHOCTU MEpPeMEeHHOro MarHMTHOro nons (cMm. pwuc.
4). Ha yactoTte 50 'y MakcuMarnbHa, U ee nonepeyHass KOMNOHEHTa AOCTUIAeT 3HAUYEHUS

B/m I'u,o's, a NpoAaosibHasi KOMMNOHEHTA B/Mru0'5.

B kauectBe 06pa3uoB WCMOb30BaNMCb ABYXAHEBHblE KOpPELLIKM Kpecc-canata W
KYKYpPY3bl, NpeABapuTENbHO BbipalleHHble B 6UANCTUINNMPOBaHHOM Boae. s Toro, Ytobbl OHM
6bIIN MakCMManbHO POBHbLIMW, UX Mpopalmnsann Ha GunbTpoBasnbHON BGymMare Ha niaHwWeTKax.
MpeaBapuTenbHass OpMEeHTaUMsa 3apoAabilielt 3epeH 6blna HanpaBfieHa BHM3, TaK UYTO KOPHMU
pPOCAN BAOb CUMbI TSXKECTU.

KopHu anuHoi 7 — 15MM noMelLann Ha NOANOXKY U3 HEMarHUTHOrO MaTepuana Tak, 4To
OHW pacnonarajamcb napajnesibHO 3eMHOM MNOBEPXHOCTU, T.e. MNeprneHAuKYNSPHO cue
rpaBuTauUMmn. DKCNEPUMEHTbI Aasiee NpoBOAMINCE B ABYX BapuaHTax. B nepBoM BapmaHTe KOpHU
M3Ha4danbHO MoOMeLWann napanjeslbHo KOMOMHUPOBAHHOMY MarHMTHOMY MO0, BO BTOPOM -
nepneHamMKynsipHO  KOMOMHMPOBAHHOMY  MarHMTHOMY  noft.  KoHTponbHble  o6pa3ubl
pacrnonaranMcb TOYHO TaKXe OTHOCUTESIbHO MarHWTHOrO Moss, KOTopoe OAHako 6bino
MOCTOSIHHbIM.

BapuwaHT, Korga MarHMTHOe MoJjie napasuiesibHO Cujle rpaBuTauum AN KOPHEW Kpecc
canarta, uccnepoBancs Hamm oyeHb NoapobHo paHee [1 - 5, 7]. AHanoruyHble pe3ynbTaThbl
MoJlydeHbl HAMU M ANS KOpHelr KyKypy3bl B HacToswwen paboTe.

PE3YJ1IbTAThDI

PesynbTaThbl A8 Kpecc-canata npueBefeHbl Ha puc. 6. 3aecb nokasaHo 3 cnydas. KMI

BO BCEX C/lydasix HanpaB/ieHO MapanjenbHo 3emfe, Kak mnoka3aHo Ha pwuc.l. BekTop
rpaBuMTaumMM BO BCeX CJ/lydasix HanpaejieH nepneHankynspHo BekTtopy KMI. KopHu e
HanpaeseHbl nbo nepneHaukynsspHo KMIM (BepxHuit psaag), nmbo napannenbHo KM
(ueHTpanbHbIN , HWXKHUWN psf — KOHTPOJibHble o6pa3Lbl, Haxoasuwmecs B MNMI1.

30 MUH

| I 35U XBHJb

30 MuH 1 yac 2 vaca 3 vaca

Puc. 6. N'paButponmMueckas peakuusi KOpPHel Kpecc-canaTta, pacnoJiIodXeHHbIX
neprneHAnKYJISPHO cuie TAaXXecTu u Hanpasneumto KMN (KM nepneHAUKYNSAPHO
BEKTOPY CUJibl TAXKECTU) — BBepxy. FpaBuTponnueckasl peakuus KOpHeWu Kpecc-

caJjiata, pacrnosio)KeHHbIX NepneHANKYISIPHO CUJ1e TAXKECTU U NapannesnbHo

HanpasseHutio KMIN (KM nepneHANKYNSAPHO BEKTOPY CUJibl TAXKECTU) — B cCepeaMHe.
FpaBuTponuueckan peakuna KOpHel Kpecc-casnaTta, pacrnoJioXKeHHbIX
neprneHAnKYJISSPHO CU1e TAXXeCTU u HanpasaeHnuto MMM (MMM nepneHANKYASPHO
BEKTOPY CWJibl TAXKECTU) — BHU3Y.



MpoBeaeHbl wcCcneaoBaHUss KOpHel Kykypy3bl B KMI Ha ycraHoBke, noapobHo
onuncaHHon B pabote [3], B 3aTOM cny4dae KMI1 HanpaBneHo napanfiesibHO Cuie TAXEeCTu, a
KOpPHW HamnpasneHbl napansenbHO 3eMne, T.e. nepneHauvkynsapHo KMIMT u cune TaxecTtw.
MonyyeHHble pe3ynbTaTbl NpeacTaBfeHbl Ha PpuUC.7 W aHaANOrM4Hbl MNOJSIyYEeHHbIM paHee
pesynbTaTtaM ANs KOpHen Kpecc-canata [1 - 5], T.e. nofayyeHa oOTpuuaTenbHas
rpaBMTpoNnYyecKkas peakumsa Ans KopHen KyKypy3bl.

-

30 MUH 1 vyac 2 qaca- 3 vaca
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30 MuH 1 yac 2 yaca 3 vaca
Puc. 7. FpaButponnueckasl peakuus KOpPHeW KYKypy3bl, pacnoJio>KeHHbIX
neprneHAnKYJISspHO CUie TAXeCTU u HanpasneHunto KMIMN (KM napannenbHO BeKTOpy
CUNbl TSHKECTHU) — BBepxy. FpaBuTponnueckan peakuusi KOpHE KYKypy3bl,
pacnoJsio)KeHHbIX NeprneHANKYJISAPHO CUJie TAXKECTU U napa’ssiesibHO HanpasJ/ieHUo
nMn (MMM napannesbHO BEKTOPY CUJIbl TAXKECTU) — BHU3Y.

PesynbTatbl 4Ns KOpPHEN KYKypy3bl, pacnosioXeHHbIX napannenbHo KMI1, aHanornyHbl
pe3yfnbTaTaM, MOJIyYeHHbIM ANa KOpHel Kpecc-canaTta (puc.6), T.e. nosyyeHa o0O6blYHas
rpaBuTponuyeckas peakums, kak B8 KMM, tak u B NMMI. (pnc.8), xoTs n HeMHoro 6onee cnabas.

Ecnu e KOopHM pacnonoxeHbl nepneHankynapHo KMI, To rpasutponunyeckas peakuus
AN KOpHEeN KyKypy3bl MNpakTUYEeCKM OTCYTCTBYET B TeyeHume nepBbiXx 6 4acoB, XOTa npu
Be/IMYEHNN BPEMEHU BblAEPXKKN BCE XXE OHa BO3HMKaeT.

30 MUH

2 yaca 3 yaca 244aca

30 MuH 1 vac 2 yaca 3 vaca 24vaca
Puc.8. N'paBuTponunuyeckas peakumsa KOpHei KyKypy3bl, pacnosio)XXeHHbIX
neprneHAnKYJISPHO cuie TAaXXecTu u HanpasneHnmto KM (KM nepneHAUKYNSAPHO BEKTOPY
CUNbl TSHKECTHn) — BBepxy. FpaBuTponnueckan peakuusi KOpHei KyKypy3bl,
pacnosioXKeHHbIX NepneHAUKYJISIPHO CUe TSXKECTU U NnapannenbHo HanpasaeHuto KMIM
(KMIN nepneHANKYJISPHO BEKTOPY CUJibl TAXKECTU) — BHU3Y.

CpaBHeHMe MONy4YeHHbIX Yr10B OTK/OHEHWS OT T[OPM30OHTaAM ANs  BCeX HayvasbHbIX
HanpaBJ/IEHU KOPHEN KYKypy3bl NpeacTaBaeHo Ha puc 9.
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Puc. 9. 3aBMCMMOCTb YIr/1a OTKJIOHEHUSI KOPHEN KYKYpPY3bl OT FOPU30OHTa/IbHOM
MJIOCKOCTUN OT BPpEeMEHMU dKcnepuMeHTa: kpuBas H — KOpHM nepneHauKynsapHbl KMI,
KMIM napannenbHO cune Ta)XXeCcTn; kpuBasa B — kopHu nepneHaukynapHbl KMI, KM

neprneHAuKYISPHO cuiie TsXKecTu; kpuBasa D — kopHu napannenbHbl KM, KMN

nepneHaAUKYAPHO cuie TaecTtu; kpusas E— koHTponb B NMMI.
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OBYXXAEHWVE PE3YJIbTATOB

Mony4yeHHble pe3ysbTaTbl MOXHO MWHTEPNpeTupoBaTb cheaywowmMm obpas3oM. [lpexae
BCEro, 34eCb MW3J/I0XMM CBOe MoHMMaHue BnnsHUa KMI Ha rpaBUTPOMNUMYECKYHD peakuuto
pacTteHui. Mcnonb3yeMm rmnortesy, BbiCKa3aHHyto Hamu B [2], uTo TP cBs3aHa C AaBneHueM
TSXKESbIX 3/IEMEHTOB KNETKM Ha ee MeMbpaHy B HMXKHEN 4yacTu KJeTKM, 4TO, B CBOK o4depesb,
npunBoanNT K OTKPbITUIO AOMNOJIHUTENBbHbLIX KaHa/l10B B HUXXHEW YacCTU KIETKU U O6pa3OBaHMPO
KaHanoB ANs HamnpaBfieHHOro TpaHCnopTa MOHOB. Takoe npeanosioXXeHWe BMOJSIHE MOXeT
06bsACHUTL psg Habnwgaembix adeKkToB M B HaweM ciaydae. locTtosiHHas coctasnsowas KM
3acTaBnseTr BCe MOHbl (OT 3HaKa 3apsga MoHa 3aBUCUT TOJIbKO HamnpaBsieHMe BpaleHus)
BpallaTbCA BOKPYr Nons B TY WAW APYryto CTOPOHY. J1tobble CTONKHOBEHUS NMPUBOASAT TONbKO K
M3MEHEHUIO pajuycCa BpaLlEeHMs, HO HEe 4acToTbl. BpalleHune CBSI3aHO C BO3HWMKHOBEHWEM
LeHTpobexHbIX Cui, a, cneaoBaTesibHO, MPUMBOAUT K YBEINYEHUIO AABJ/IEHMS Ha KJIETOYHYHO
o060n10uKky. HanoxeHme nepeMeHHOW cocTaBnsawwern Ml Ha NOCTOSSHHYK COCTaBASAKOLWYO
OO/MKHO MNpPUBOANTbL K BO3HMKHOBEHMUIO KonebaHui MeMbpaHbl C 4acCTOTOM, paBHOWM 4acTtoTe
nepeMeHHon cocrtasnsawwen KM, 4yTo MOXeT NpuBeCTM K AOMNOSHUTENIbHOMY OTKPbITULO
KaHanoB B MeMbpaHe B 0611aCTM  MaKCUMManbHOrO AABAEHUS W AOMOJHUTENIbHOMY
HanpaB/ieHHOMY TPaHCMOPTY MOHOB 4Yepe3 obpasoBaBlumnecs KaHasnbl. B KMI 3T kaHanbl MoryT
ObITb PacrofIOXeHbl HE TOJIbKO B MECTE HAaXOXAEHWUS CaMbIX TAXKENbIX 4acTul B KJeTKe, T.e.
BHM3Y, UYTO MOXET MPUBECTU K M3MEHEHMIO HaMpaBf€HHOro TpaHCMopTa MOHOB W 3Haka [TP.
MN3MeHeHMe KoNnMyecTBa KaHanoB NpUBOAUT K U3MEHeHUo ckopocTtu 'MP. OgHako pe3oHaHCHble
obpazoBaHMe HOBbIX KaHasoB AO/MKHO HabnwaaTbCa MNpyM 3TOM Ha 4actoTaxX Cob6CTBEHHbIX
konebaHnm meMbpaHbl Noa AEUCTBMEM CUJbl TSXECTU, OUEHKa 3TUX 4YacToT AaeT BEINYUHY

nopsaka 106 - 107 Mu. OueHkM p[aBNeHUsl, OKa3biBAEMOrO0 Ha CTEHKY MeMbpaHbl

KpaxmasibHbIMU 3epHaMu, AatoT BennuunHy nopsaaka (0.3 - 5) 107> H/M2, aHaNIorMyHble pacyeThbl
ANS 0ABNEHUsl, OKa3blBAEMOro Ha CTEHKY MeMO6paHbl CUI0ON, BO3HUKAMOLWEN B pesynbraTe

BpaweHnsa noHos B KMI, patoT BennumnHy Toro xe nopsaka (0.1 - 0.5) 107> H/M2. T.0. mMoryT
obpa3oBbiBaTbCA  AOMOSHUTENbHbIE KaHalbl B MeMbpaHe, nMpuMyeM B HanpaBieHWUHU,
NnepneHaMKynsapHOM cune rpaBuMTauMM, B HaweM cnydyae wux obpasyetcs 6onblwe, T.K.
HanpaBneHne cunbl JlopeHua nNepneHaAMKYNSapHO cufie rpasuTauum. Kpome 3Toro, Hanuudue
nepemMeHHol cocrtasnstowen KMIM gomKHO NpMBOAMTE K OCUMANSALMAM AABNEHUS U PaCTaXEHUS
MeMbpaHbl B HanpaB/ieHMW, NepneHAUKYASpHOM CuUfle rpaBuTauMu, 4YTO, B CBOK o4yepenb,
AO/HKHO MPUBOANTL K OCUMAMISALMSM Pa3MEPOB MOHHbLIX KaHasOB U U3MEHEHMIO UX MPOMYCKHOM



cnocobHocTn. OgHako O6paBOBaHMe HOBbIX AOMOJIHUTEJNIbHbIX KaHa/10B B MEM6paHe Nnpn TaKoM
AaBNeHnn 3aTpyagHUTENbHO, T.K. AN1d 3TOro Hago ropasgo 6onbwee pasneHune. Ecnm xe Y4YecCTb
AaBNEeHME OKa3blBaeEMOE NMOHAMU, HaxXoAAWNMMUNCA B SNEKTPUNYECKOM MNOoE, Ha CTEHKY MeM6paHbI,

TO OHO 6yaeT 3HaumTenbHO 6onblie: nopsaka 107 H/M2 , @ 3TO yXe 3Ha4YuTeNbHOoEe AaBEeHMeE.
Ha Hero AONONHUTENbHO Hak/aAblBaeTCs AaBfeHWe, CBA3aHHOe C BpalwleHueM. U paxe manble
no6aBKM K AaB/IEHMIO MOryT MpUBECTM K 06pa3oBaHMI0 AOMOSHUTENbHbIX KaHanoB B MeMbpaHe,
npuyeM B HamnpasfieHUWN, MeprneHAnKYSpHOM Cuie rpaBuMTaunM, B Hawem cnydyae wux
obpasyeTca 60sblue, T.K. HanpassieHMe cuibl JlopeHua MeprneHanKynsipHO Cuie rpaBuTaumn.
Kpome 3TOoro, Hannume rnepeMeHHom coctaBnswowen KMIM gonkHO NMpUBOAUTb K OCUMISAUNSM
AaBrfieHus. A 3TO yXe BedeT K ocumnisaumsam membpaHbl M ee pacTsaXXeHUIo B HanpaBieHuu,
nepneHaMKynsapHOM cujie rpaBuTaunm, YTo, B CBOK ovepenb, Bbi3biBAeT OCLUMANALMN pa3MepoB
WOHHbIX KaHasioB M UX NPOMNYCKHOM CNOCO6HOCTM. YMcneHHas oueHKa pacTsXKeHUs KasbuWeBbIX
KaHanos gaet BenmunHy 10 — 100 HM. D70 6oblue pa3Mepa KaHana, paBHOro NpubAN3UTENBHO
0.3 - 0.7 HM. Ocuunnaumm membpaHbl NPOUCXOAAT C YacTOTOM MepeMeHHON CoCcTaBnsloLLen
KMI. Pa3smep ny4yka wnoHOB (ywupeHue Oo[HOro pasMepa) OCUMIAIUMPYET C UUKNOTPOHHOM
4YaCTOTOM. BO3MOXEH pe30HaHC 3TUX ABYX NMpOLECcCOB.

OpHako pe3oHaHCHble 3 deKTbl HA LMKNOTPOHHbIX YAaCcTOTax MOHOB AO/MXHbI HabnoaaTbCs
TONIbKO, eCc/In MeCTa CUMHTE3a MOHOB B KJeTKe /10Kann3oBaHbl (B6AM3M 3TUX MeCT AO0JIKHO 6bITb
MaKCMMasibHOE 4YMUCM0 HOBbIX KaHanoB B MeMbpaHe). Takmm obpa3oM, cama no cebe 3Ta
rmnoTesa, BbiCKaszaHHas HamMu B [2] He MOXET MpuBOAMTb K pe30HaHCHbIM 3ddekTaM Ha
UMKNOTPOHHbIX YacTtoTax. OHa obbsaAcHAET ToAbKO 3ddeKTbl NOCTOAHHOIO MarHUTHOro nons. Ho
ecnm ee o6beaAnHUTb C rMNoTe3on n pacyetamun Jinbosa c coaBTopamm [8], TO MOXHO caenaTb
O4YeHb MHTEepeCHble BbIBOAbI.

CornacHo [8], ckopocTb apeinda MOHOB NponopuUMOHasibHa BeSIMYMHE 3SEKTPUYECKOro
nonsi, BPEMEeHW CTOJIKHOBEHUS MOHOB, PyHKUMM beccens B KBagpaTe OT OTHOLIEHMS MArHUTHOWM
WHAOYKUMWN MEepeMeHHOro MarHMTHOrO MNoss K MarHUTHOM WMHAYKUMM MOCTOSIHHONO MarHMUTHOrO
Nnossi, OTHOLUEHMIO 3apsiaa K Macce MOHa.

YpaBHeHMe Ans  ABMXEHWA WMOHA B KOMOMHWMPOBAHHOM MarHWTHOM none B, u

3N1eKTPUYECKOM nose E, MOXHO 3anucaTb cieaytowmm obpasom [8 ]:
m de/dt + va/T = gE, + quvy
mdvy/dt + mvy/ T= —quvX (1)
m dvz/dt + va/T =0

3pecb m — Macca WMOHa, v —ero CKopocTb, T — BpeMsi cBobogHoro npobera moHa (4o
CTO/IKHOBEHUS C KakmMu nnbo gpyrmmm dactmuammn)/ U3 aTux ypaBHEHWUI SICHO, YTO CKOPOCTb
Apenda NexuT B Xy — MJOCKOCT U €ro MOXHO BbIPa3uUTb Kak v = v, + ivy . YuunTtbiBas, uTo

B=Bpct+ B exp iot, rae w- 4acToTa BHEWHEro MarHUTHOrO MNoss, Nosy4aeTcs, YTo
dv/dt + 2Bv =T - iQ (1+ € cos wt)v (2)
3necb B=1/2 1, Q = gBp/M -UMKNOTPOHHAs YacToTa, € = Ba/Bpe, I = QE,/ Bpc-
PeweHne ypaBHeHunsa (2) COAEPXMUT KaK 4fieHbl, KOTOpble 3aTyxaloT BO BPEeMeHU, TakK u

nepunoanyeckme uneHol. OCTaBnsSS B ypaBHEHMW uYJieHbl TUMA@ Pe30HAHCHbIX, MOAy4Yunu Ans
CKOpocCTu v ceputo dyHKkumn beccens:

(o]
v=Tr2], (e Q/w) In (e Q/w)/ (2B + iw (Q/w - n)) (3)
n=1

Ona dyHkumm beccenst 1-ro nopsigka, T.e korga n=1 gna ckopoctn apenda nony4daercs
Bblpa)keHue

v =TJ; %) 2B (4).

Mpn oTxoAe OT pe30HaHca CKOpOCTb Apenda onpeaensetcs dopmynon (5)
v=TJ;%(e Q/w)/[ 2B + (0% 2B)( Y/w -1)% ] (5).

ana n=1 nmeem

v =q E, T4 %(g )/m (6).

MoacTtasnsas B (6) YMCNEHHbIE 3HAYEHUS EX=106 - 107 B/m, T=10'1Oce|<, nony4ymm ans
KWHETUYECKON 3HEeprum nydyka 3HadyeHue B 5 - 20 pa3 npesbiwatouwlee TEMNIOBYH 3SHEPruto



WOHOB.

Mony4yeHHblie JInboBbiM € coaBTOpaMn dopmynbl (4, 5) Xxopowo 06BLACHAKT MNOJSTYYEHHbIE
acpdekTbl B KMIM, HO He 06BbSACHAIOT HU NOPOroBbiXx 3PPEKTOB MOCTOSIHHONO MarHUTHOrO Mons,
HU CY>XEHWS NMUHUK 3aBUCUMOCTU 3PEKTa OT OTHOWEHUS By /By Npy Manbix WwWymax Bp .

CpaBHMM JaHHyO runoTtesy C Hawen. Ob6a 3TM npeactaBneHUss MOrytT O6bSCHUTL
nonydyeHHble Hamn paHee addektol [1 - 5, 7, 9, 10, 11], ecnm mnx obbeanHUTb. epBbIi
3 deKkT — 3TO HaNMumMe nopora BO34eNCTBUSA NOCTOSSHHOrO MarHmTHoro nons [9, 10].

Mcxoas n3 Hawmnx npeacrtaBfieHUin, MakCMManbHOE AaB/ieHME NOHOB Ha MeMbpaHy AOMXHO
Nnoay4yaTbCqd B MAarHMTHOM MoJie, HarmpaBleHHOM NEepPneHAMKYNSAPHO MOTOKY OCHOBHbIX MOHOB,
y4yacTBYOLWMX B n3y4yaeMoM 6MOOrMYecKoM npolecce, YTo NpuMBOAUT K BO3HMKHOBEHWUIO HOBbIX
KaHa/oB B HanpaB/eHWW, MepneHAMKYNSAPHOM MOCTOSHHOMY  MarHMTHOMY MOJII0 WU
napansenbHOM HarnpaB/iIEHUIO ABMXEHNS OCHOBHbIX MOHOB 1M60 yBennyeHunto nx gmamerpa. 310
B CBOK o4epeab AO/HKHO MPUBOAMTb K BO3SHUKHOBEHWIO MOPOroBbiX 6uonornyecknx sdgekTos.
C Touku 3peHunsa ¢popmyn (4, 5) Hannume NOCTOAHHOINO MarHMTHOrO NOMS MPUBOAMT K TOMY, 4TO
U3MEHseTCAa BpeMs 3aTyXaHWs CKOPOCTM My4yka MOHOB a, cfefoBaTeflbHO, U K W3MEHEHWUIO
NoToKa MOHOB Yepe3 MeMbpaHy, a 3HauuT, U K buonornyeckmm acpdektam.

KoMbnHnpoBaHHOE MarHMTHoe nonae MNpUBOAWT, COMlaCHO HAWMM NpeacTtaBfeHnsaM, K
konebaHmam MembpaHbl B HarnpasneHWUW, NeprneHAMKYSPHOM MarHUTHOMY MO C YacTOTOM
NepeMeHHO COCTaBMSAlOWEN MarHUTHoro nons. OAHOBPEMEHHO C UMKIOTPOHHOM 4acToToM
konebnercsa paanyc ny4vka MoHoB. Koraga obe 4yacTtoTbl COBNaAalOT, pe30HAHCHO YBeNMyMBaeTcs
MOTOK MOHOB 4Yepe3 MeMbpaHy. DTO NpUBOAUT K BO3HUKHOBEHMIO Buonornyeckoro adpdekrta. C
TOoukn 3peHna cdopmyn (4, 5) pe3oHaAHCHO BO3pacTaeT CKOPOCTb Apenda nydka MOHOB 4epes
mMeMbpaHy.

Paznnumne 3aknwvaetrcs B TOM, 4TO JIM6oB C cCoaBTOpamMu yuuTbiBalOT 6Hosnblioe
anekTpuyeckoe none MembpaHbl U 3TOT aKT NPUBOANT K TOMY, YTO CHMMAETCS OCHOBHOE
BO3paXKeHne TeOpeTUKOB, 3ak/to4vatolleecss B TOM, YTO 3HEPrnss MarHUTHOro MOAs MHOIO HuXKe
KT. YueT anekTpuyeckoro nons MembpaHbl, KOTOpoe BEIWKO, AaeT BenYMHy B 5 - 20 pas
6onblwytlo, yeM TennoBas 3Heprusa KT. T.e. OCHOBHas 3Heprus 4eprnaeTcsd U3 CaMOM KNETKU, a
KOMBMHMPOBaHHOE MarHUTHOE Mofe SABASETCA CMYCKOBbIM MEXaHM3MOM A1 ero BK/IIOYEHUS.

T.k. obe 3TM Teopwuu [AOT CYLLECTBEHHYI 3aBUCUMOCTb Habniopaembix 3ddekToB OT
HanpaBieHUs [ABUMXEeHWUs ornpeaesieHHbIX WMOHOB, TO MOJlyYeHHble HaMu pe3ynbTaTbl MOXHO
TpakToBaTb crieaywwmMm obpa3zoMm. OCHOBHOE HanpaBfieHMe MOoTOKa WMOHOB KanbUWS NeXWUT
BOO/Ib KOPHS: NapassieNlbHO HanpaBJ/ieHWNIO ero pocTa.

34ecb cneayeT 3aMeTUTb, YTO, eC/IM OCHOBHOE Harpas/ieHMe WOHOB pacnosiaraeTcs BAOSb
HanpaB/eHnss KOMOBMHMPOBAHHOIO MarHUTHOro noss, To 6uonornyeckoro addekTa He AOKHO
6bITb. DTO U HabnogaeTcsa HaMM B onbITe.

Tenepb nocTapaemMcs ObO6BACHUTb pacrnosioXeHne KpaxManbHbiX 3epeH, noapobHo
n3yyeHHoe Hamm B [3] B KMIl. KonebaHus ™membpaHbl MOryT npuBoAWTb K TOMY, 4TO
KpaxMmasbHble 3epHa 6OyayT B3auMMogencTtBoBaTb C MeMbpaHoli nnbo MexaHudecku, nmbo
anekTpuyeckn. OHM MOryT noaTaskmeBaTbCad MeMbpaHOM K LeHTpY KNeTKM U aaxke Aanblie npu
konebaHnm MembpaHbl. 3aTeM, eC/iM OHM AaxXKe W HauyHYyT oceAaTb BHM3, TO MonaayT yxe B
NPOTUBOMNOOXHYIO 4YacCTb KIeTKU M, c/lefoBaTtenibHO, MOryT U3MEHUTb 3HaK FPaBUTPONMUYECKOM
peakuum KopHsa. KpoMme TOro, CTONIKHOBEHME KpaxMasibHblX 3€peH C MOTOKOM WOHOB KasbLWs
OO/MKHO  NpMBOAUTb K  BO3HMKHOBEHMIO B 3TUX  3€pHax  AWMNOJIbHOFO  MOMEHTa
(Nbe303neKkTpnyeckme CBOMCTBA Kpaxmarsa), HanpaB/IEHHOro MpPOTMB 3/IEKTPUYECKOro noss
MeMbpaHbl, 4TO, MNO-BMAMMOMY, TakKXe MPUBOAMT K UX ABMXEHUKD K LEHTPY K/IETKWM Ha
Ha4yanbHOM 3Tane. B UeHTpe MX 3Heprusl B 3/IEKTPUYECKOM Mosie MeHblue, T.K. d/ieKTpuyeckoe
nose B LeHTpe KIEeTKM MUHUMAsbHO. [1BUrasicb K LEeHTPY K/ETKM, 4YaCTb AUMONbHbIX MOMEHTOB
Ha4YHEeT MoBOPa4YMBATbLCA M MOXET HadaTb ABUraTbCS BBEPX, UYTO NpuUBEAET K OTpuUATENbHOM
rpaBMTPONMYECKON peakuum pnnas KopHein. T.e. B KOMOMHMPOBAHHOM MarHMTHOM noJsie
rpaBuMTponuyeckas peakuus AO/DKHA 3aMefnsdATbCs, UM nponajaTb, WIW MeHATb 3HaK, ecnu
OCHOBHOM MOTOK MOHOB HanpasfneH neprneHaAnKynapHo KMII.

Monb3ysicb oueHkamn JlInboBa M HaAWMMU OLEHKAMU, MOXHO O6BSCHUTbL WU 3aBUCUMOCTU
Habnogaemoro 6monornyeckoro addekrTa OT YPOBHSA BHEWHero MarHutHoro wyma [2, 12, 13].
Ecnn ypoBeHb BHELWHEro MarHMTHOMO wWyMa Man (Ny4YoK ABMXYLIMXCS MOHOB He 3axBaTblBaeT
HOBbIX KaHa/ioB M3-3a Pa3MbiTUSE MOHHOIMO Myyka B MarHUTHOM none C MHAYKUMEN, paBHOWM
MoCcTositHHOM cocTtaBnswowern KMIM), 1o KMIT 6yaer wuckaxaTb 3aBUCUMMOCTb BENMYMHbI
Buonornueckoro adekTa ot oTHoweHusi By ~/Bpc, T.K. 3axXBaT Ny4ykoMm HOBOro kaHana yaert

CKa3blBaTbCs pe3KO B yBenmuyeHun bunonormyeckoro addekra. JInHnusa 3T1on 3aBUCMMOCTK byaeT
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6onee y3skon, uyem kBagpaTt dyHkumn beccens [2]. MNpun yBeINMYEHUM MArHUTHOrO LWyMa OHa
Oynet npubnuxatbca K KBaapaty @yHkuun Beccens nepsoro nopsaka ot Bao/Bpc, Kak U

onpegensetca dopmynon (4). DTO TakKXKe XOpoWo coBnagaeTr C MOJYYEHHbIMM HaMKU paHee
3aBmcnmoctamum [13].

CTaHOBUTCS MOHSATHBLIM TaKXe BAUSHWE 3KPaHMPOBAHMUSA BHELIHErO0 MarHUTHOro Mnosns Ha
pasnumuyHble 6uonormyeckmne npoueccol. Kpome 3ddekTta, CBA3AHHOMO C YMeHblLUeHWeM
MOCTOSIHHOW COCTaBNSAOLWEN, PacCMOTPEHHOrO HaMW BbllWe, AO/MKHO CYLLECTBEHHO YCUUTLCS
BNMSIHNE  BHEWHMX MarHUTHbIX WyMOB. Hanpumep, npu KOMMNEHCAUWUW MOCTOSSHHOM
COCTaBNAKOLWEN BHELWHEro MarHWTHOrO MOAS C MOMOLbK Kosew [enbmronbua MM O6bIYHbIX
(eppomMarHuTHeIx skpaHoB Ao 10 - 1 mkTn [14, 15] oTHoweHue Bj/Bpc ANS BHELWHUX

MarHMTHbIX WYMOB Ha 4Yactote A0 50 'y paBHsaeTca npubnmsmtenoHo 0.3 - 3. CnepoBaTenbHo,
yactotbl Ao 50 4 MOrytT aKkTMBHO BO34ENCTBOBaTb Ha 6uonorMyeckme npouecchl, T.K.
60NbWWMHCTBO pe30HAHCHbLIX 4YacToT (AN MOHOB KanbUMS, MarHuUs, Kanus, Meau) NexuT B 3TOoMn
obnactn. MarHuTHble 6ypu Npmn TakoW MOCTaHOBKE 3KCMEPMMEHTA TaKXe SIBASIOTCA aKTUBHbIMMU.
Mo3TOMY yMeHblLUEHME MOCTOSAHHOW COCTaBSIOWEN MarHUTHOro MNoss 3eMin SBASIETCS KpauHe
HeXxenaTesibHbIM (PaKTOPOM, KOTOPbIA MOXET CYLLEeCTBEHHO M3MEHATb KasibLMWEBbIN, KalMneBbIN,
MarHueBbln obMeH B kneTke. OCOBeHHO 3TO BaXHO Ass ocnabneHHbIX KAeToK, MeMbpaHbl
KOTOpbIX MOryT JIErKO pa3pbiBaTbCHA. PaccMOTpPMM Tenepb BO3MOXHbIA MexaHu3M agantaunmu
Knetok Kk BamsHuMio KMI. Kak xopowo BMAHO M3 puc. 9, NP nocreneHHo (4epe3 24 yaca u
Janee) HauyuHaKOT BOCCTaHaB/MBATb CBOM 3HaK. YBe/MYEHWEe TpaHcrnopTa KanbUUSa U3 KIETKU
MOryT MPUBECTM K TOMY, 4YTO KOHLUEHTPauWs MOHOB MarHuMsl BHYTPW KNeTKM BO3pacTaeT. T.K.
WOHbl MarHuMs SBASIOTCA KaTaausaTtopaMu CUHTE3a AMNMAoB, TO CYLLEeCTBEHHO MOXET
N3MEHUTbLCS KO3MPUUNEHT XKEeCTKOCTU MeMbpaHbl. 34eCb ceayeT OTMETUTb, YTO LMKIOTPOHHAs
yacToTa MOHOB MarHMs B MOCTOSHHOM MarHMTHOM none 3eMnu Haxoautcs B6am3m 50 Mu (B
pabotax [16, 17, 18] 6b110 nokasaHo, 4To B KMI1, NOCTOsAHHas CoCTaBnsoLWas KOTOPOro paBHa
MarHUTHOMY MO0 3eMu, a nepeMeHHy cocTtasnswowyto KMI vactotom 50 Iy cosgasanu
WCKYCCTBEHHO C NMOMOLblO Konew MenbmMronbua, KOHUEHTpaums NoasipHblX N1Mnuaos B membpaHe
KNEeTOK peamca CyweCcTBEHHO M3MeHslacb WM MNpuM 3TOM M3MEeHsANacb TeKyyecTb MeMbpaHbl).
TakmMm ob6pa3oM, usMeHeHue (yMeHblleHue), Ko3h@UUMEHTa XECTKOCTM MeMbpaHbl, COrnacHo
HalWMM MpPeanonNoXKeHUSAM, M3JI0XKEHHbIM Bbllle, MOXET MPUMBECTU K YMEHbLUEHWID KOonM4vecTBa
KanbUMEBbIX KaHaNoB a, CnefoBaTesibHO, U K YBE/IMYEHUID KOHUEHTpauuMm MOHOB KasnbLuS
BHYTPU KJIETKHU.

BbiBOAbI

1. DKCnepuMeHTasibHO MOKasaHo, YTO rpaBUTpONMYEcKas peakums pacTeHUI CyLLEeCTBEHHO
3aBUCUT OT HanpaBfEHUS KOPHEN OTHOCUTESIbHO BEKTOPA KOMOBMHMPOBAHHOIO MarHUTHOMO Mons.
Mpn pacnonoXxeHun KopHen nepneHaukynsapHo KMI n nepneHAMKYNsapHO cune rpaBuMTaunm
(KM napannenbHo cune rpasuTaumun) Habnogaetcs oTpuuaTenbHas rpaBuTponunyeckas
peakuuns. lpu pacnonoxeHnnm kKopHen nepneHamkynapHo KMIM wn cune rpasutaunm (KMI
nepneHaAMKynsapHO Cwuie rpaBuTaumm) rpaBuTponuyeckasl peakums oTcyTcTeyeT. [pum
pacrosioXXeHUn KopHen mnapasniensHo KMl 1 nepneHAMKynsapHO cune rpasutauumm (KMI
nepneHaMKYNsapHO CMne rpaBmMTaumnm) rpaBUTponnyeckas peakums HesHaunuTelbHO U3MEeHSeTCs.
MonyyeHHble B 3TOM paboTe apdekTbl U HONbLMHCTBO MOJIYYEHHbIX HAaMW paHee pe3ysibTaToB
XOpOLWO corfacytoTcs ¢ rmnotesamu [2, 8]. Monb3yacb UMW MOXHO yTBepXAaTb, UTO OCHOBHOM
NMOTOK MOHOB KasnbLMa HanpasieH BAOb KOPHEN.

CyliecTBeHHY0 ponb B HabntogeHnn addekToB nrpaeTt anekTpnyeckoe noae MemMbpaHbl KNeTKu.
YyeT ero Benn4YnHbl No3BosseT ybpaTb BCe BO3paKeHUS TEOPETUKOB O HEBO3MOXHOCTU
AENCTBMS MarHMTHOIO Moss, T.K. Mana ero aHeprus. MM n KM aBnatoTcs NMwb CNYCKOBbIM
MeXaHW3MOM, 0CBOOOXAAOLWMM SHEPIUIO KIETKN U NPUBOASWLMM K BMonormyeckmm addekram.
C nomouwbto KMI, Takmm 06pasom, MOXHO perynmpoBaTb CKOPOCTb KanbuneBoro obmeHa B
KneTke.

B HaweM npeacTtaBneHnn MexaHuM3M agantaumm knetok K KMI moxeT 6bITb CBA3aH C MOHaMM
MarHums.
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THE INFLUENCE OF ROOTS ORIENTATION RELATIVELY COMBINED MAGNETIC FIELD
DIRECTION ON THE CRESS AND MAYS ROOTS GRAVITROPIC REACTION’S CHANGES.

EXPERIMENT AND NEW HYPHOTESIS. ADAPTATION MECHANISM.

Bjgatina N.I., Sheykina N.V., Kordyum E.L.
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It was shown experimentally that the graviyropic reaction of plants depended
essentially on the roots direction relatively to combined magnetic field (CMF) direction. While
the roots were located perpendicular to gravitation force (CMF was parallel to gravitation force)
the negative gravitropic reaction was observed. While the roots were located perpendicular to
CMF( CMF was perpendicular to gravitation force) the gravitropic reaction was absent. . While
the roots were located perpendicular to CMF and gravitation force ( CMF was perpendicular to
gravitation force) the gravitropic reaction didn’t change essentially. The effects obtained in the
work and many other results obtained by us before may be explained by Liboff’'s and our
hypotheses. By using them we can conclude that the main calcium ions current was directed
along the roots. The essential role in observing the effects played the electrical field of cell
membrane. By taking in account the magnitude of the electrical field we could get over all
theoretic objections that the effects of magnetic fields observed were impossible because its
energy was very small. We think that static magnetic field and CMF were only the switching on
mechanism, that released the cell energy and led to the biological effects. By means of CMF
one may regulate the calcium exchange velocity in cell. The possible mechanism of cell
adaptation in CMF was discussed.
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