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A.IO. I'6030apes

["'opHO-AnTaliCKUil rOCYJapCTBEHHBIN YHUBEPCUTET

BBenenune

OmHOM W3 KIIOYEBBIX MPOOJIEM 3JIEKTPOMArHUTHOW SKOJOTHUHU SIBIISIETCS OOBSICHEHHWE MeXa-
HU3Ma BIUSHUS CIa0BIX MAarHUTHBIX MOJeH Ha Ouonormueckue oOBeKThHl. JleiicTBUTENHHO, B Ha-
CTOSIIIIEC BpEMsI yCTAHOBJICHHBIM (DaKTOM SIBJIICTCS BIUSHUE HAa OMOTY KOCMHUYECKHX COOBITHH, CO-
MIPOBOXKIAIOIINXCSI HU3MEHEHUSIMHU 3JIEKTpPOMarHuTHOro ¢oHa (cM., Hampumep, [1]), o yem mucan
eme A.JI. YmwkeBckuit. Hampumep, B paboTax TOMCKHX HCCieaOBaTesield yOenUTEeNbHO TOKa3aHa
CBS3b JIEKTPUUECKOM aKTUBHOCTH cepaua [2] u Mo3ra yenoBeka [3] ¢ TeOMarHUTHBIMU BapHalus-
MU U 3JIEKTPOMATHUTHBIMU KOJIEOAHUSIMH Ha 4aCTOTaX pe3oHaHca MoHocdepHoro BosHOBoAa. C
JIPYroil CTOPOHBI, B pPE3yJIbTaT€ MHOTIOYUCIEHHBIX HKCIEPUMEHTOB MO MCCIEIOBAHUIO BIIUSHUS
AJICKTPOMATHUTHBIX TOJEH Ha OMOOOBEKTHI ObUIO BBHISBICHO, YTO MEPEMEHHBIC MAarHUTHBIC ITOJIS
(ITeMITI) ¢ ammutynamu, 6mmu3kumu k ecrectBeHHbiM (10 HTn) B nuanazone gacror 0.01 — 100 I'n
MOTYT OKa3bIBaTh 3HAUMMbIC OMOJOTHYECKHE BO3ercTBHs. HampumMep, Ha 0CHOBE OOIIMPHBIX KC-
nepuMeHToB B [4] moka3ano, uyto [IeMII gacroroii 0.01 I'it u ammuutyaoi 10 vTn cmoco6HO co-
KpaTuTh pa3MHokeHue Oakrepuil E. coli Ha 37.7%, a B [5] nokazano, yto [leMII ammuurynoit 5.1
HTn u ¢ wacroroii 0.01, 0.04, 0.08, 0.6, 1, 6, 10, 11, 26 'l oka3bpIBalOT 3HAYMMbIC BO3ICHCTBUS HA
CUCTEMY KPOBH OEIIBIX KPBIC.

OnHako Mo MOBOJY MEXaHU3Ma CTOJIb BBICOKOW YYBCTBUTEIBHOCTH K 3JIEKTPOMArHUTHBIM
nosisiM (OMII) y 61M000BEKTOB MOKa HET €IWHOTO MHEHHS, CYLIECTBYIOT pPa3JIM4HbIC T'MIIOTE3bI.
Hampumep, B pabore Jlegnesa [6] mpeanokeHa MOAENb, COTJIACHO KOTOPON KOMOMHHPOBAHHOE C
MOCTOSTHHBIM TE€OMAarHUTHBIM mojieM mnepemeHHoe MII Ha yacToTax IUKIOTPOHHOTO pPEe30HaHCa
BIUSICT HA MOHBI KBNS, BXOASIINE B KaJbMOIYJIUH M MPOTEeMHKHWHA3Y-C, BIUsS TaKUM 00pa3oM
Ha CKOPOCTh CBSI3aHHBIX C HUMH OMOXMMHYECKUX PEaKIMil. JTa TUIOTE3a MOTydnsia SKCIePUMEH-
TaJlbHOE MOATBEpkKIeHUE [7—8], HO pH ee TIOMOIIM Helb3si OOBSICHUTH BIHMSHHE Ha OMOOOBEKTHI

OMII ¢ yacroramu Huxe 1 ['n u mpu mansix ammumurygax [IeMII. Kpome toro, aTa runoresa kpu-



Tukyetcs B pabote XKaauna [9], rae yka3bIBaeTCsl Ha MaJIOBEPOSATHOCTh 3aMETHOTO BIIUSHUS SHEP-
ruu xBaHToB [1eMII nopsnka 10" 5B na (oHe TenI0BOro IBUKEHHUS C SHEPrUuei 1075B. B pabote
Kagnna npoaHaaM3upoBaHbl YpaBHEHUS TEIJIOBOIO JBMKEHHS MOHA B MaKpOMOJIEKYJie U MOKa3a-
HO, YTO BEPOATHOCTbh IIApaMETPUUECKOI0 pe30HaHCa B 3TOM cUCTEME N0BOJIbBHO Mana. C npyroit
CTOPOHBI, BO3MOKEH MHON MEXaHM3M — I10Ka3aHO, YTO MarHUTHBIE MOJII MOTYT BbI3BaTh oOorarie-
HUE CIIeKTpa KojeOaHWii HOHAa BHYTPH MaKpOMOJIEKYJIbl. DTO YBEIMYUBAET BEPOSTHOCTH MEPEKAUKU
SHEPrUM OT COCEHUX aTOMOB M KOMIUIEKCOB B MakpoMmoJiekyie. B pesynbTare MOryT mpou3oiTH
M3MEHEHHUs DHEPIMM TEIUIOBOTO JIBUKEHUS MOHA, COCTABIIAIOIINE HECKOJIBKO MPOLIEHTOB MU JIaXKe
JIECSITKOB TPOLIEHTOB OT €r0 Ha4aJbHOM TEIUIOBOM SHEPTUH, YTO PAaBHOCUIIBHO CIIBUTY TeMIIepaTy-
pBI 10 JeCATKA rpaaycoB. JTOr0 BIIOJIHE JOCTATOYHO JUIsl TPUITEPOBAHUS M3MEHEHUS COCTOSIHMS
HMOHA B MAaKpOMOJIEKYJI€ U U3MEHEHUSI KOHPOPMAIITMOHHOI'O COCTOSTHUSI MAaKPOMOJIEKYJIb.

B pa6ote Cunopenko [10] nmoka3aHo, 4To B 6MO00OBEKTAX MPU OTPOMHBIX 3HAUCHHSIX JHIJICK-
TPUUECKON MPOHUIIAEMOCTH OMOTKaHEeH BO3MOXKHO 3HAYMTENbHOE YCUJICHHE BHEUIHUX AJIEKTpUye-
ckux noseil. OgHako B 3TOH paboTe COBCEM HE yUTEHO BIMSIHUE MPOBOJUMOCTH, KOTOpas y Ouo-
00BEKTOB TaKXe 3HauuTeNbHA. JIerko mokasarb, 4TO MaKCBEJUIOBCKOE BpeMs pelaKcalliy 3JIeKTPO-
TIPOBOILIIEH CPeIbl OPraHu3Ma 7=ggy/ 0 COCTaBIsIeT Beamunny nopsaka 10° ¢, mostomy BHermHue
HU3KOYACTOTHBIE 3JEKTPUUYECKUE TIOJISI B HEM JIOJIKHBI OBITh SKPaHUPOBAHBI.

B pa6orax HoBukoBa n ®ecenko ¢ coaBropamu [11-12] pa3BuBaercs nHas KoHIenus. Mmu
00Hapy»XEeHO BIUsSHNE KOMOMHUPOBAHHBIX MATHUTHBIX MOJIEH HAa BOAY U BOJAHO-COJIEBBIE PACTBOPHI,
MPUYEM aMIUTUTY]Ibl IEPEMEHHBIX MAarHUTHBIX TMoJield OJM3KU K 3HAUEHUSAM ecTecTBeHHbIX MII —
OHU COCTaBJISIFOT AECITKU HTJI, a pe3yibTaTbl BO3JACHCTBUS COXPAHSIIOTCS B TEUEHHUE JABYX CYTOK.
Taxum obOpazom, npeanonaraercs, yro perentopom [1eMII sBnsercs Boaa, mpaBaa, caM (usuye-
CKU MEXaHM3M BO3JICHCTBUS HA BOJLy HE 00CYXkIaeTcs.

Bce nepeunciennbie pabOThl OCHOBBIBAIOTCS HAa BOZMOXKHOCTSIX BellecTBa. Mexy Tem, B ps-
1e paboT SKCIIEPUMEHTAIILHO MTOKA3aHO, YTO CBOWMCTBA JKU3HH TPEBBIIIAIOT ATH BO3MOXKHOCTH [ 13—
14]. TlosiBnenue Mojeny MOJISPU3ALHMOHHOTO HEOJHOPOIHOTO MOJIU(UIIMPOBAHHOTO (DHU3HUUECKOTO
Bakyyma (3¢upa) B.JI. JlarnoBa [15], ocHOBaHHOI Ha pe3yibTaTax MOJEBBIX HCCICIOBAHUN TIPH-
POMHBIX caMocBeTsmuxcs oopazoBanuii A.H. JImutpuesa [16], mo3BoJiseT paciupuTh CIIEKTP BO3-
MOJKHBIX THIIOTE3 O MEXaHH3Max OMouyBCTBUTENBHOCTH K DOMII.

Eme Bepnaackum ObUIO BBEACHO NPEANONOKEHHE O PA3NUYHOM KauecTBE MPOCTPAHCTBA
BHYTPH JKUBBIX OpraHu3MoB U BHe HUX [17]. CoBpeMeHHbII ypOBEHb HAyUHBIX MPEACTABICHUI 1O-
3BOJISIET CPOPMYIIMPOBATH STO MPEANONIOKEHHE B BUE TMIIOTE3bl O HATMYUU BHYTPU OPraHU3MOB
BakyyMHoOro ngomeHa (3dupomomena) [18]. IIpeacrapnsercss HHTEPECHBIM PaCCMOTPETH BOIIPOC O

MCXaHHU3MC SHGKTpOMaFHHTHOﬁ YYBCTBUTCIbHOCTU OPTaHU3MOB C HO3I/II_[I/II71 9TOM THUIIOTE3HI.



1. Moaean HeoqHOpoaHoro ¢pusnyeckoro sakyyma B.JI. JIaTioBa
B monenu B.JI. JlstinoBa [15] dusudeckuii BakyyM ONMUCHIBAETCS KaK MOJISIpU3AIIMOHHAS Cpe-

na. IIpu 5ToM 3JIEKTpOMAarHuTHOE M0JIE ONMCBIBAECTCS YpaBHEHUAMU MakcBeiia,

divD=p (1.1)
rot E =—0B/ot (1.2)
divB=0 (1.3)
rot H = j+0oD/ot (1.4)

rac D, E, P, J — JJICKTPUYCCKUC CMCUICHUEC, HAIIPSAKCHHOCTD I10JI4, 00beMHas INIOTHOCTh 3apsAa0B U
IINIOTHOCTB TOKa, B, H — marauTHBIC HHAYKOUA U HAIIPSPKCHHOCTD I10JIA.

a TPaBUTALIMOHHOE I10JI€ — YPaBHEHUAMU XeBHCaiaa:

div Dg =— pg (2.1)
rot Eg = — 0Bg/0t (2.2)
divBs=0 (2.3)

rot Hg = — jg+oDg/ot (2.4)

rae Dg, Eg, pg, joc — TpaBUTallMOHHBIE CMEIICHUE, HANIPSHKEHHOCTD IMOJIsl, 00beMHasl MJIOTHOCTh
3aps70B U TUNIOTHOCTH Toka, Bg, Hg — ciMHOBBIEe MHAYKIIMA U HANPSKEHHOCTH noJist. [Ipu aTom BBO-
JIUTCSI CIIMHOBOE 110JI€, KOTOPOE SIBJISIETCS] aHAJIOTOM MarHUTHOTO 10JI B rpaBUTanuu. Kak BUgHO 13
ypaBHeHu# (2.3) u (2.4), 0HO BO3HUKAET B pe3yJbTaTe JBIKCHUS Macc (TPaBUTAIIMOHHBIX 3aps/I0B)
Y U3MEHEHHs TPABUTAIMOHHOTO TOJISI ¢ TEUEHHWEM BpeMEHU (TPaBUTALMOHHBIM TOK CMEIICHUS) U
MMEET BUXPEBOH XapakTep. 3HaK “MUHYC” TIepe]l TPaBUTAIMOHHBIM TOKOM B ypaBHeHUH (2.4) BBI-
3BaH TEM, YTO B IPABUTALIMM OJJHOMMEHHBIE 3apsbl IPUTATUBAIOTCS, @ B AIEKTPOCTATUKE — OTTaJ-
kuBatoTcs. KpoMe Toro, kak BUAHO U3 ypaBHeHHs (2.2) U3MEHEHUE CTUHOBOW MHIYKIIMH MPUBOAUT
K BO3HMKHOBEHHIO BUXPEBOI'O IrpaBUTALIMOHHOIrO mosst. OueHkH, npuBeeHHbIe B [15], moka3biBa-
10T, UTO CIIMHOBOE I0JIe OYEHB CJIa00 BO3JEHCTBYET Ha BeliecTBO. HeyauBUTENbHO, YTO 3P HEKTHI
€ro BO3ACHCTBHS SKCIIEPUMEHTAILHO OB OOHAPYKEHBI JIUIIL HexaBHO [18].

KiroueBoit 0COOEHHOCTHIO MOJETH SIBJISETCS MPEICTaBICHHE O HEOJIHOPOJHOCTH CBOMCTB
MIPOCTPAHCTBA — B HEM BBOJUTCS MOHATHE BAaKyyMHOI'O JJOMEHA — 00JIACTH MPOCTPAHCTBA, B KOTO-
POii TOKaNbHO OCYHIECTBIISIETCS CBA3b AJIEKTPUUECKUX W T'PAaBUTAIMOHHBIX MOJISIPU3ALINN, a TaKxkKe
CBSI3b CIIMHOBBIX M MAarHUTHBIX MOJISIPU3ANNN (XapaKTEPUCTUKH ITUX CBA3EH €], L] HE paBHBI HYJIIO
BHYTPH JOMEHA M NMPUHUMAIOT HYJIEBbIC 3HAUYCHMsI BHE HETO). BeliecTBeHHbIE ypaBHEHUS TOTJa

3aMmMChIBAIOTCS B hopMe



D=cgoE + ¢ Eg (3.1)

B:HM()H + MIHS (32)
DGZSO(;EG + S]E (41)
BSZIJOSHS + },llH (42)

TZIE €0, E0G — DJEKTPUYECKAs U T'PAaBUTALMOHHAS IIOCTOSIHHBIE BAKyyMa, € — IUIJIEKTPUYECKas TIOHU-
LIaEMOCTb BELIECTBA, Lo, Llos — MarHUTHasl U CIIMHOBAs IIOCTOSIHHBIE BaKyyMa, L — MarHuTHas BOC-
IIPUUMYUBOCTD BELIECTBA.

Mopenb Mo3BosIeT Ha KaYeCTBEHHOM YPOBHE OOBSICHUTh MHOTHE CBOMCTBA IIAPOBON MOJI-
HUH, TIPUPOJHBIX CAaMOCBETIUXCS 00pa30BaHUI M TOPHAJO: CAMOCBEUYEHHUE, HATUYHE HIIEKTpHYe-
CKOT'0, MArHUTHOT'O W TPaBUTAI[MOHHOTO IOJIeH, BOBHUKHOBEHUE CUJIbHBIX Buxpeil. CoriacHo aHa-
a3y, npoBeaeHHoMy B.JI. JIaTinoBeiM B [15], BakyyMHBIHM TOMEH B MOJISAX 3eMJIH T0JKEH MpHoodpe-

TaTh YETHIPE MOJAPU3ALUN: dIEKTPpUUYECKYI0 Py, MarauTHY0 M9, FpaBuTaiinoHnyo Pgo 1 crimHo-

BYIO MsoZ
Pro=ki: €06Eoc/Mo- k2:€0Eo, ®)
Pco=ki:no €0Eo- ka:€06EoG, (6)
Mio=k1,Hos/Mo- ko, Ho, (7N
Mso=ki,noHo- ko, Hos, (8)

rae Eo, Eog, Ho, Hos — Haps)KeHHOCTH AJIEKTPUYECKOTO, TPABUTALIMOHHOTO, MATHUTHOTO U CIIUHO-
. 12 12 10 2
BOTO NOJIEH 3eMII COOTBETCTBEHHO, No=(€og/€0) ~ = (Mo/pos) ~ = 1.161-10" xr/Kun, a ky=a,/(1-a,");
2 2 2 2 2
ko,=ay"/(1-a,") n kig=ag/(1-a;"); kog=a;"/(1-a;") — 6e3pa3mepHble BEINYNHBI, CBA3aHHbIE C KO3 du-
. 12 " 12
IUEHTAMU MarHUTOCHUHOBOM a,=1/(Holos) '~ ¥ 2IEKTPOrpaBUTALIMOHHON CBS3H a:=€1/(€0€0G)
COOTBETCTBEHHO (CTENEHbI0 MoIudUKanuu pusndeckoro Bakyyma). Ilpu manbix a, U a; MOXHO
2 2 .
cuntateh ki~ay, koray” n kigrag, kogra,”. C HanmmumeM 3THX NOJApU3ALMN CBA3aHO U3MEHEHHE
MarHiTHOTO, 3JICKTPHYECKOTO W TPAaBHTAIMOHHOTO TIOJICH BOJHM3M BaKyyMHOTo JomeHa. Kpome

TOIr0, BHYTpHU BAKYYMHOI'0O JOMCHA HOJI)KHO IOCTOSIHHO IPOHUCXOAUTH npeo6pa3013aHI/Ie r'paBUCIIN-

HOBBIX MOJICH B SJICKTPOMArduTHBIC U HaO60pOT, YTO BBI3BIBACT €TI0 CAMOCBCUYCHUC.

2. MexaHu3M YyBCTBUTEJIbHOCTH KJIETOK K HU3K04YacTOTHbIM [TeMII
PaccmoTrpumM, kakoe BiHsiHUE MOKET oka3biBath [IeMII Ha BakyyMHbId AOMEH KieTkH. Jlo-
nojuutenbHoe [IeMII 1omkHO BBI3BIBaThH MOSBJICHUE MEPEMEHHBIX CIMHOBOW MU MarHUTHOM TOJIS-

pu3anuii BakyymHoro qoMmeHa. B cimydyae rapmonudeckoro Buna IleMII H(#)= Hcoswr monyyaem

Mwm()= Mmo— ko, H cos o, 9)



Mgs(f) = Mgp+ leT]()H COS wi. (10)

BoszHukaromnias nepeMeHHass MarHWTHasi MOJSIpU3alisl IpeHeOpe)KuMOo Maja, Tak Kak MpOHOpLHO-
HajbHa KOd(pULreHTy auz, KOTOPBI MHOTO MEHbILIE €IMHULIBI.

[Ipy M3MeHEeHNH CNHMHOBOW MOJSPU3ALUHU JOJKEH BBICBOOOKIATHCSI MOMEHT KOJIMYECTBA JBUXKE-
HUS, KOTOPBIH OyAeT NpUBOAUTH CUCTEMY B KOJIeOAaTeIbHO-BpAIATEIbHOE JBM)KEHHE BOKPYT BEK-
topa H. OObeMHas IIOTHOCTh PACHPENECIIEHHOIO MOMEHTAa CHJIBI B 3TOM CIIy4ae ONpeAemseTcs

hopmyoi
d Mg/dt(t) = —kimowH sin wt (11)

byaem cuntath, 4TO 3TO BpallleHHE MOKET OBbITh OOHAPYKEHO OPraHU3MOM MPU BOSHUKHOBE-

HHWH KaCaTCIbHbIX HaHpH)KeHI/Iﬁ nopsaka 1 MM PT. CT.
Ataop=| dMy/dt| = kymoaH ~ agnowH = 130 Ia,
OTKyJa
az=ATnop/(MowH) (12)

Onenka as yciosuit u3 [4] (wactora f= /21w = 0.01 I'u, ammutyna [TeMIT B=poH=10 aTn)
MOKAa3bIBAET, YTO B ATOM ClIyyae CTeNeHb MOAU(UKaIMKU BaKyyMa a, (MArHUTOCIIMHOBAs XapakKTe-
PHCTHKA) TO/DKHA cocTaBIsTh 2-107. 3amerum, uro murst yactoT 10—100 1y, OKa3pIBAIOMEX HAKOO-
Jee CHIIbHOE BIMSHHE Ha MO3T, 3TOT MOPOT HIDKE Ha TPU—YEThIpe mopsiaka. ECTecTBEHHO, OTKpHI-
TBIM OCTAETCsI BOIIPOC O TOM, KaKHe€ 4aCTH KJIETKU MOTYT BOCIIPUHSTH BO3HUKAIOIIMA MOMEHT CHJIbI
Y y4acTBOBaTh B K0JeOaTeNbHO—BpAIIATEILHOM JIBUKEHUHU, TO €CTh YTO CIYXHUT B KHBOW KJIETKE
“3¢pupopenienTopoM”, OJJHAKO OH HAXOAMUTCSA BHE KOMIIETEHIIMU aBTopa. PasyMHO MpennosokuTh,
YTO 3TU CTPYKTYPBHI HAXOJATCSI BHYTPU OpTaHel KJIETKH, Hanbosee 4yBCTBUTENbHBIM K [1eMI] — B
A7Ipe, MUTOXOHJIPUAX U KJICTOYHOM MeMOpaHe.

BTopbiM BO3MOXHBIM MEXaHU3MOM BO3ICUCTBUS SBISETCS BIMSHUE CITUHOBOM TOJSPU3AIIIH
Ms(f) = Mgo + kiynoH cos(@r) Ha ciHOBBIE COCTOSIHUS MOJIEKYI B apupoaomere. Ee nepuonuue-
CKO€ M3MEHEHME MO JeHCTBUEM MarHUTHOTO TOJs CO3/1aeT MEePHOANYECKOe M3MEHEHUE CIUHOB
OMOMOJIEKYJT U TaKUM 00pa30M, MOXKET BJIMATh HA KHHETHUKY XUMUYECKHUX peakinuid. Bricokue 3Ha-
4yeHus:s Mg MOTyT 00ecrieduTh CHIIbHYIO YHOPSI04€HHOCTh CIIMHOB OMOMOJIEKYJI, IpUYeM OHa OyJeT
MEePUONYECKH MEHATbCA. D(PUPOIOMEH KIETKM B JaHHOM CiIy4yae OCYIIECTBISIET ‘“‘IepeKauky
SHEpPrUU MarHUTHOTO IOJIA B CIIMHOBYIO.

W3 Mosieny ecTeCTBEHHO BBITEKAET, YTO KIETKH, CHIIbHEE HACHIIIICHHBIE d(pupoM, Oy yT O6osee
gyBcTBUTENbHBI K [IeMII. M3BecTHO, 4YTO HanOObIICH YyBCTBUTEIBHOCTBIO K MATHUTHBIM TOJISIM

oOjanaer HepBHas TKaHb. MOXHO MPENOI0XKUTh, YTO UMEHHO OHa SIBJsieTCsl Haubosee 3pupona-
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chlllleHHOU. MHTepecHO, UTO cpeau OTIeNI0oB MO3ra TakKe CYLIECTBYET ONpeesIeHHas Ipajarus —
[TeMII-4yBCTBUTENHHOCTh YOBIBAET B CICAYIOLIEM MOPSIKE: TUIOTAIaMyc, KOpa CEHCOMOTOpPHas,
KOpa 3puTelibHas, ceupuIecKne sapa Tatamyca, Hecenuduueckue sapa Tajiamyca, THITIOKaMII,

peTuKysipHast popMarus CpeiHero Mo3ra.

O mexaHM3Me 4YyBCTBHTEJBbHOCTH KJIeTOK k KBY

Tot ke camblif MEXaHU3M MOXET OBITh HCIOJIB30BaH AJS OOBSICHEHHUS YyBCTBUTEIBHOCTU
ouocuctem Kk DMII KBU-auanazona. JleficTBUTENHHO, TIEPEMEHHOE MAarHUTHOE TOJIE DJIEKTpOMar-
HUTHOW BOJIHBI JOJDKHO TaK)K€ BBI3BIBATh IEPEMEHHYIO CIIMHOBYIO HOJISIPU3ALMUIO0 U NEPEMEHHBIN
MOMEHT BpalleHUs, MEHSIOMUNCS ¢ YacToTol DM-BoHbI. Kak M3BECTHO, YaCTOTHI MEXaHUYECKUX
Konebanuii, coorBercByronmx KBY, Omu3ku kK pe3oHaHcaM KIETKH. Takum o0pa3zom, sHEprus
KBY-BonHbl ipu moMoniu 3¢pupogoMeHa npeodpa3yercsi B 3HEPTUI0 JBUKEHHS KIETOUHBIX CTPYK-
TYp, YeM U MOXKET ObITh OOBSCHEHO €€ BO3JACHCTBUE Ha KIETKY.
Cornacuo [20] mopor uyBcteuTensrocTd kK KBU pasen 10 MxBt/cm®=0.1B1/M°. TIpHpaBHsB MOTOK
sueprun B DM-Bosue pocH? /87 9Toil BeTHumHe, MOTYYHM TOPOrOBOE 3HAUYCHHE aMILTHTY 16l H=10
A/M, ToficTaBHB KoTopoe B Beipaxkerue (12) mpu wacrore 10" ', momyumm, uto a“~10'20 310 10-
BOJIbHO MaJIeHbKOE 3HaueHue. Bo3MOKHO, UTO MbI B3sUIM 3aHMKEHHYIO OLIEHKY MOpPOrOBOro Kaca-

TCJIBHOT'O HAIIPSKECHUS, HO BpAA JIM 9TUM MOXKHO OOBSICHUTH pasindue 3HAYCHHI auB 15 MOPAAKOB.

3. Co6cTBeHHBIE N0/ 3PUPOAOMEHA KIETKH

CraenaHHble BbIIIE OLIEHKH BEJIMYUHBI 8, B HU3KOYACTOTHON 00IaCTH MO3BOJIAIOT OLEHUTH BE-
JMYMHBI COOCTBEHHBIX TOJIEH 3pUpoaOMEHa KIETKH, BOZHUKAIOIINUX MIPU €T0 MOJSIPU3alUU B MOJSIX
3emsd. DTy MpoLeaypy BaXKHO MPOBECTH JUISL TOTO, YTOOBI KOCBEHHO MPOBEPUTH TUTIOTE3Y — ECIH
OyIyT MOJy4YeHbl CIMIIKOM BBICOKHE 3HAUEHHA, 3HAYUT TUIIOTe3a HeBepHA. Besne B manbpHeiineM
OyzeT mpeamnonaratbes, 4To 3(QUPOJOMEH uMeeT (opMy IIapa M HCIOIB30BATHCS PE3yJbTaThl O

mapoBoM B/l B mossix 3emnu u3 [15].

MarnutHoe noJje 3¢gupoaoMeHa GopMUPYETCS B OCHOBHOM 3a CYET BO3JICHCTBHS Ha HETO
CIIMHOBOTO TOJIsT 3eMJIM M MIMEET B HaIleM MPUOIMKCHUH mapooOpa3Hoil GopMbl JUMOIHHBINA Xa-
pakrep. [eficTBUTENBHO, COTJIACHO OLIEHKaM u3 [15] Hos/n0;103 A/M, a Hy=20 A/m, mO>TOMY B BBI-
pakeHnu (7) OCHOBHYIO POJIb UTPAET IepBoOe ciaraemoe. IIpu MasbIX 3Ha4YeHHsAX a, MarHUTHAS I10-

JSIpUIHSE 3QUPOIOMEHA MOXKET MPHUOIMKEHHO OMUCHIBATHCS (HOPMYITOif

MMOZaMHOS/n& (13)



Pacuet no 31oit hopmysie naeT HaM 3HAUEHHUE BEJIMYMHBI T0OABKU K MAarHUTHOM MHAYKIIMHU 32 CUET
HAMarHHIeHHOCTH upogomena toMye=10" T DTo moiTe 10MKHO GBITH COPHEHTHPOBAHO B Me-
PUIMOHATIBHOM HANpaBJICHUH, M TaKHe 3HAUYEHHSI MOTYT HAOIIOAAThCS TOIBKO BHYTpH 3(upoaome-
Ha, @ CHapy’>XWU OT HEero HampsKeHHOCThb IOJIA JIOJDKHO MaaaTh 0OpaTHO MPONOPLUOHAIBHO KyOy
paccTosiHusA. DTO JOBOJIBHO 3HAYUTENbHOE I0JI€, TaK KaK THUIIMYHOE 3HAY€HHE MArHUTHOTO IOJIS
MO3Tra 4eoBeKa, H3MEPEHHOE BOIH3M OBEPXHOCTH TOIOBBI COCTABIAET, Hampumep, gomu ot 1072
T [21]. VI3 3TUX COOTHOIICHHUI MOKHO OIICHUTH OTHOIIICHUE pajuryca 3QpupogoMeHa 1, K paguycy
kinetkn R. Cpeagnee mo o0beMy KIETKH Mmosne 3(GHUpPOJOMEHA MNPONOPLUOHAIBHO BEJIUYHHE
HoMuo(r/R)’ In(R /1), uTo mpu otHomenwn (ry/R)=10"-107 naer Ham 3nagenue cpemmero momst 10
"_10" Tn. Tak xax IIPU U3MEPEHUSX MarHUTHBIX MOJed OMOOOBEKTOB 3TOrO IMOJIA 3aMEUYEHO He
ObUI0, MOKHO C/I€aTh BBIBOJ, 4TO 3()UPOJOMEH UMEET pa3Mep B COTHIO pa3 MEHBIINI MOMEPEeYHH-

Ka KJICTKH.

JaeKkTpUUecKoe rnoje 3GpuporoMeHa MOKHO OIEHHUTH, UCXOIS M3 MPEINOI0KEHHS O PAaBEHCTBE
K02 (QUIHEHTOB AJIEKTPOrpaBUTALIMOHHON 1 MarHUTOCIMHOBOM CBsA3€H: a,=a;. DTO paBEeHCTBO HE
00513aTeNIbHO JIOJDKHO BBITIOJHATHCS, MMO3TOMY OLEHKH OyayT TOBOJBHO NMPHOIM3UTEIBHBIMH, HO
OHH MOTYT YKa3aTh Ha MPOILECCHI, HAYIINE B KJIETKe Oiaroaaps 3pupo1oMeHy.

CornacHo dhopmyie
Pro=ki¢ €06Eoc/Mo- ka:€0Eo, (14)

JNEKTpUYecKass Mospu3anusi dPUpPOIOMEHa OMpEAeNsAeTCsS TPABUTAIMOHHBIM M JJIEKTPHUECKUM
OJIeM, TPH ATOM BKJIQJI TPABUTAIIMOHHOTO TOJIS, SIBIIIETCS HanOojiee BeCOMBIM. [[eHCTBUTENBHO,
OleHKH mpH =107 [OKa3BIBAIOT, YTO BKI4X TPABHTALHOHHOTO mOI  Ki:€06Eoa/Mom
a806E06/M0=10" Kir/M” J0BONBHO 3HAYMTENICH, a BKIA/] SIEKTPHUCCKOrO MO MPEHEOPERIMO M
JTaxe TpH Eo=10" B/M: ko.g0Eo~ (a82/3)80E0;10'14 KJ‘I/M2, TaK KaK OH SIBJISETCS KBaJApaTHYHOMN
GbyHKIIMEH OT a;. DIEKTPUUYECKOE MOoJie, CO3/laBaeMoe B pe3yJibTaTe ITOW Moispu3anuu (Ipu au-
AJEKTPUYECKON MpoHUIIaeMocTu cpenbl €=10) E=Pgo/ceo=10" B/M Ha 1Ba MOpsAKa HUXKE TOJISI B
MeMOpaHe KJIETKH, OJJHAKO BIIOJIHE 3aMETHO. MOXKHO 0KHJIaTh, YTO JUTHHHBIC OPTaHMYECKHUE MOJIe-
KyJibl OyAyT OPHEHTHPOBATHCSA BIOJb CUJIOBBIX JIMHUHW TOJSI, @ MOHBI MPUTITUBATHCSA K IMOJIOCAM
noMeHa. Tak Kak 3TO ToJie JUMOIBHOE, TO MOXKHO OKHJATh TOSBIICHUE B KIETKE JBYXITOJIFOCHBIX
CTPYKTYp, OPUEHTHPOBAHHBIX 110 TPABUTALIMOHHOMY TOJIO 3eMJIU. 3aMEeTHM, YTO MbI Ipe/noara-
em mpocrteitnryio Gopmy 3pupomomMeHa, Ha caMOM Ke JIeJie OH MOXKET OBbITh JIOBOJLHO CIIOKHO yCT-

POEH.



HHTepecHO OTMETUTD, UTO HanbosblIel dyBcTBUTEIbHOCTHIO K [TeMII obnanatoT kinetku Ha
CTaJuM MHTO3a, YTO SIBJSIETCS €lIe OJHUM KOCBEHHBIM MPHU3HAKOM CBS3M 3()UPOIOMEHA C SAPOM
KJIETKH.

I'paBuTanmonnas noJusipu3anus 3(QHUPOIOMEHA TAKXKE ONpPENENsIeTCs TI'PaBUTALMOHHBIM

mojieM 3emin. OlieHKA IOKa3bIBACT, UTO
| | _ 2 - 2103 2
PGO _kZSSOGEOGz (Clg /3)80GE0G=1 Kr/M=10"1/MmM ,

TaKHUM 06pa30M, 9TO MOJIC COBCPIICHHO HE3aMCTHO.

4. CamocBeyeHue 3pupoaomena

Monenbs npeacKa3blBaeT, YTO BHYTPH 3(pHUpoOoMeHa TOHKHO MPOUCXOANUTH MpeoOpa3oBaHue
IPaBUCIIMHOBBIX BOJH B 3JIEKTPOMAarHUTHBIE, B PE3yJIbTAaTe YEro MPOUCXOIUT cBeueHue 3¢upa. 13-
MEHEHHE MHTEHCHBHOCTU CBETOBOM / WM TI'paBUCHHMHOBOW /G BOJH BHYTPH JIOMEHA ONMCHIBACTCS

dbopmynamu

=1, sin®(@[2/v+—2/v.]x); (15)

I6=Iy cos*(w[2/v+ —2/v.]x), (16)

rmue l/vi2=(1+a8a“iauiag)/cz_

Hctounukom rpaBucnuHoBeIX (I'C) BomH cumtaerca CosHile, Tie MPOUCXOAUT OOpaTHOE
npeobpazoBanne — U3 OM-BoiH BHYTpU 3¢upa (MOIUPHUIMPOBAHHOTO (U3NYECKOTO BaKyyMa)
Connua ¢opmupytorca ['C-Bonnbl. B TakoMm ciiydae CHeKTp TpaBUCIUHOBBIX BOJIH JIOJKEH OBITH
110/100€H COJIHEYHOMY CIEKTPY JIEKTPOMAarHUTHBIX BOJIH, @ MHTEHCUBHOCTH NoTOKa I'C-BosH BOIM-
31 3eMJIH JTOJDKHA OBITh MOPSIKAa COTHEYHOM ToCcTOssHHON S=1350 Br/™’. [Ipu >TOM BaKHO y4ecCTb,
yto ['C-BOJIHA NpaKTHYECKH HE B3aMMOJEHCTBYET C BEUIECTBOM U CBOOOJAHO IMPOHUKAET CKBO3b
JOOBIC SKPAHBI.

IIponsBeneM OLEHKH MHTEHCHBHOCTH CBEYEHHs d(PHpoaoMeHa KieTkH. [Ipu Mansix a, ay
1/vi—1/v~(astayu)/c (17)
Torna
=1, sin*([ag+ay kx) (18)
U NIOJIHOE NPpeoOpa3oBaHue MPOUCXOJUT Ha PACCTOSIHUY nopsiaka Ax=A/[a.+a,].
IIpu ag+a,=4- 10° 1 A=5-10" M nomyuaem Ax=1.25- 107 M, 9TO HAMHOTO IIPEBBIIIAET Pa3MeEPhl

KJIeTKH. IHTEHCUBHOCTH CBCTA4, oJiydyacmasa OT OJHOI'O 3(1)I/IpOIlOMCHa B 3TOM ClJIy4dac, MOKCT OBITh

OIICHEHA CJICTYIOIIUM 00pa3om



=1, sin’([ag+ayJko)x Las+a,]” (ko)’=10"" Br/v?, (19)

IJe IIPUHATO, YTO OTHOIICHHE pasMepa d(UPOIOMEHa K JUIMHE BOMHEI cBeta x/A=107. C yuerom
reomeTpun (IIOMIANb cedeHns SuporoMeHa He MeHee 4eM B 10°—10* MembIne mmomany ceders
KJTETKH) TOMyYeHHOE 3HAYeHNe NaeT MHTCHCHBHOCTH cBeTa He Gomee 107°—107° Br/m® ¢ ogHoro
CIIOSI KJIETOK. I3BECTHO, UTO CBEUEHHE MOBEPXHOCTH Tella YeOBeKa HMeeT HHTeHCHBHOCTH 1074 —
10" Br/m* (6-60 OTOHOB CHHe-3€I€HOTO CIIeKTpa B CeKYHIy ¢ 1 cM” cormacHo [22]), Tak 4To Ha-
111 OLIEHKA JAaeT HECKOJIbKO 3aBBIIICHHOE 3HAUCHHE.

Opnako 371ech HEOOX0IMMO cAenaTh cienyrouiee 3aMmevyanue. [lpu ananuse onucanuil mpu-
ponHbix camocBeTsimuxcs oopazoanuii (IICO) u3 [16] ObUTO 3aMeYEHO, YTO BO MHOTHX CIydasx
[ICO cBeTsaTCSA YnCTHIMU 11BeTaMH (OMPIO30BBIH, 3€JICHBIN, TOIy00i1), KPOME TOTO, ONHUCAHBI TAKKE
ciydan, koraa [ICO, Habnarogaembie psiioM, UMENN Pa3IndHy0 OKpacKy. Mexay TeMm, eclid TpH-
HSTh, 9TO UCTOYHHKOM cBeTa B [ICO sBisieTcst mpeoOpa3oBaHue TPaBUCIIMHOBEIX BOJH B JIEKTPO-
MarHuTHbIE, a OCHOBHBIM HcTOUHUKOM ['C-BonH siBisiercss CounHile, B adupocdepe KOToporo mpo-
ucxoaut obpatHoe npeodpazosanue, To Bce [ICO nomKHbI UMETh OJIM3KUI K COTHEUHOMY CHEKTD.
OnHako 3T0 He HaOMIOJAeTCs, CIeJ0BATENbHO, KOI(P(UIIMEHThl MAarHUTOCTIMHOBON M 3JIEKTPOrpa-
BUTAIIMOHHOH CBSI3€H TODKHBI MMETh YaCTOTHYIO 3aBUCHMOCTD

a,= ay(®); as= a(®).
Takum 00pa3om, OLIEHKH, TOTYUYCHHBIE JJIs1 HU3KUX YaCTOT, HEJIB3S IPOUISTH B BEICOKOYACTOTHYIO
o6sactb. Tam MOTYT OCTUraThCsl Kak OOJIbIINE, TAK U MEHBIINE 3HAUeHHs KOI(D(DUILIMEHTOB ay, U d.

BTopbIM BBIBOIOM U3 3TOTO YTBEPKACHUS SIBISIETCS TO, YTO UMEIOTCS pa3IMyHbIe copTa dhu-
pa, a cam 3¢up OKa3bIBACTCS TUHAMUYECKOW CHCTeMOM. B aToM cMbicie obparaeT Ha ceOst BHUMA-
Hue (aKT MPHUIHMCHIBAHUS OMPEACNICHHOrO IBeTa YaKpaM 4YelIOBeKa, OTKyJa CIIeAyeT THIOTe3a O

TOM, YTO KXl IICUXWYECKUM IIEHTP (YaKpam) paboTaeT ¢ 3(pupomM CBOETO KauecTBa.

5. I'C-cBs13b
I/IHTepeCHBIM CICACTBUEM MOJCIIHN SABJIACTCA BO3MOXHOCTH HECIIOCPEACTBEHHOI'O BOCIIPHUATHUA KOC-
MHUYECKHUX COOBITHI YeJIOBEKOM MpHU MOMOIIM BOCHPHUATHS T'PABHCIIMHOBBIX BOJH, COOTBETCTBYIO-
X OM-BoJjiHAM PEHTICHOBCKOI'O auvara3oHa. HeﬁCTBHTeHBHO, IIpU pCHTTCHOBCKHX BCIIBIIIKAaX Ha
MOPSAKK JIOJKHA TOBBIIIATHCS MHTEHCUBHOCTH I'C-BOJIH cOOTBeTCTBYIOIIEro Auanasona. IIpoiins
CKBO3b MOHOC(EpY, 3T BOJIHBI MOTYT ObITh BOCIPHUHSTHI BaKYyMHBIM JTOMEHOM 4enoBeka. [lpu
3TOM JIJIsl TIOJIHOTO TIpeo0pa3zoBaHus MOTOKA Ha pa3mepe Tena yenoBeka Ax=0.1 m TpeOyercs cre-
NeHb Moau(duKau Bakyyma ag+aH=k/Ax;10'8, IpUYeM B MOJHOM IpeoOpa3oBaHUU HET HEOOXO-

JAUMOCTH, TaK KaK B 3TOM CJIy4dac IOJIKCH BO3HHUKATH CIIMIIKOM CHIILHBIN ITOTOK PEHTICHOBCKOI'O
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manydenus — 1o 10”7 Br/m” mpu X-Bcnbimkax. [lostomy peanbHble 3HaYeHUs agta, MOTYT OBITH
CYILIECTBEHHO HIKe. BO3MOXKHO, YTO IMEHHO C 3THM MEXaHHW3MOM CBSI3aHO MOSIBIICHUE PEHTIC€HOB-
CKOTO M3TyUYeHUs YelloBeKa ¢ dHeprusiMu (oToHOB Oosee 1 k9B, obHapyskeHHoe B pabore [14] — 10

900 mpan/gac ipu done 0.01 mpas/gac.

3akino4eHue

Takum o0pa3om, TMIIOTE3a O HAJMYUU B J)KUBOM KJIETKE BaKyyMHOTO JIOMEHA M03BOJIAET 00b-
SICHUTh MEXaHU3M BO3JIeHCTBUS HU3KOUACTOTHBIX [1eMII Ha 6M000bekThl. CTenieHh MOIU(DUKAIIIH
¢bu3HuecKoro Bakyyma IpHy 3TOM OLIEHUBAETCS BEIMUUHON a,= 2.10”. CornacHo aHanu3y, HpoBe-
JIEHHOMY BBIIII€, BAKYYMHBIN IOMEH KJIETKU AOJDKEH UMeTh pazMepsl B 10—-100 pa3 meHbine nome-
pEeYHMKa KJIETKU U CO3/1aBaTh BHYTPHU ce0sl MarHUTHOE I0JI€ C MHAYKIHeH 10® T, OpPUEHTUPOBAH-
HOE€ B MEPUIMOHAIBHOM HAIIPABJICHUU (II0O CIIMHOBOMY IOJIO 3eMIIM). DJIEKTpUUYEcKas MOJspH3a-
LU IOMEHa JO0JKHA MPUBOAUTH K (DOPMHUPOBAHHIO B KJIETKE JABYXITOJIIOCHBIX CTPYKTYP, UMEIOLIUX
OPHUEHTAIMIO BJIOJb CHJIBI TSKECTH, (POPMUPYIOLIMXCS B AMIIOIBHOM T0J€ 3(PHPOIOMEHa (OKOJIO
10° B/m). Takke MOZENb TPEICKA3BIBAET, YTO BO3MOXKHO HAONIOICHIE CBEUCHHS BAKYYMHOTO J10-
MeHa KJIETKHU 3a CYeT MpeoOpa3oBaHus IPaBUCIIMHOBBIX BOJH B 3JeKTpoMarHuTHele. CyMMHpYs Bce
HaMMCaHHOE BbIIIE, MOYKHO MPEATNOJIOKHUTb, YTO 3PUPOAOMEH KIETKH JIOKAIU30BaH B €€ Ape.
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