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O du3nyeckoii npupoie MArHUTOOHOJIOrHYECKHX I(P(PEeKTOB

B.A.Muasie, B.H.bunrn

Paccmompenvl 60npocsl meopuu mak Ha36i8AeMbIX HEMENA0BbLX OUOA02UUECKUX IPHeKnos IaeKkmpomazHummblx noeii. ITo-
KA3aHo, Wmo npoyeccyl 83auMo0eiicmeus 34eKmpoMaeHUMHBIX NOAeil ¢ K8AHMOBbIMU COCIMOAHUAMU MOACKYAAPHBIX OUOPU3U-
YecKUX CmpyKmyp u CyOKAeMOUHbIMU CUCTIEeMAMU NePCeKMUBHbL 044 00bACHeHUA MAKUuX g Pexmos.

Karouesvie caosa: ouosocuueckue aghgexmuvl 2AeKMPOMASHUMHBIX NOAell, MaeHUMOpeyenyus, meopemuyeckue mMooeu,
Ma2Humocoma, unmepghepeHyus K8AHMOBbIX COCMOAHULL, CHOXACMUYeCKUL Pe30HAHC.

1. BBenenne

Anekcannp Muxainosuu [1poxopoB, aKTUBHO MOJIIEP-
JKUBABIIIMIA HCCIIEIOBAHUS B 00JIACTH MATHUTOONOJIOT Y, OT-
MeuaJl B CBoeM mpeaucioBun k MoHnorpaduu [1]: «Ilo-pu-
JIMMOMY, MOKHO TOBOPUTbH O MOSIBICHUW HOBOTO HAIpaBJie-
HUSl — MAarHUTOOMOJIOTHYECKOTO — B TEOPETHIECKOH Onohu-
3UKe. DTO HANpaBJIeHHE MPOIOJDKAET BBI3BIBATH MHOIOUM-
CJICHHBIE AUCKYCCUH, OJTHAKO UCCJIEIO0BAHMS B 3TOI 001acTu
HEO0OXOAMMO MPOI0JIKATH, COOJTIOIAs BCIO CTPOTOCTh COBPE-
MEHHBIX MAaTeMaTH4ecKoro W (pu3miyeckoro momxomos». B
JTAaHHOU CcTaThe MPeACTaBJICH KpaTKUH 0030p paboT mo Teo-
peruveckoit MarHuToomuoJI0rNy, BeinoJiHeHHbIX B MOD PAH
K HACTOSIIIIEMY BPEMEHH.

CeromHsi B MUpE HAKOTLJIEH OOIIMPHBIN SKCIIEPUMEHTATTb-
HBIIf MaTepuall O HETEIJIOBBIX, T.€. He CBSI3AHHBIX C HATpe-
BOM, Omosornueckux 3dexTax, BOZHUKAOIINX TPU HUZKO-
WHTEHCHUBHOM JIa3epHOM HU3JIyueHnH [2—4] u npu BO3EHCT-
BHUHU CJIa0BIX 3JIeKTpoMarHuTHbIX noseid HY —PY guanazo-
HOB [5—7]. duis nmociaeaHuX HeTerioBas npupoa agpdexkron
cJIeyeT U3 TOTO, YTO 1) HHTEHCUBHOCTDH AEHCTBYIOIINX 3JIEK-
TpoMarHuTHBIX nojieir (OMII) manexo He moctaTovHA JJIs
CKOJIbKO-HUOY/Ib 3aMETHOT'O HATpeBa OMOJIOTHUECKON TKAHM;
peaxiyu 6uoJsiornuyeckoi cucreMsl Ha DMII u HarpeB nHOT 1A
MPOTUBOIOJIOKHBI U 2) HaHHbIE 3()(EKTh UMEIOT MECTO
JIMIIb B HEKOTOPBIX YACTOTHBIX MHTepBaax DMII. B iuTte-
patype Takue 3(p(eKThl HA3BIBAIOT MATHUTOOMOJIOTHUYEC-
kumu dpdekramu (MBD). Habmrogarotest Takke OHOIOTH-
yeckre 3PGEKThI, BO3HUKAIONINE TOJBKO B HEKOTOPBIX WH-
TepBajax aMIUIUTYI HOJIsL. DTO MPOTUBOPEUUT IpeACTaBIIe-
HUIO 00 MCKJIFOYUTEILHO TEIIOBOM MPOUCX0XKaeHun MBD —
njee, MOJOKEHHON B OCHOBY OOJIBIIIMHCTBA ACHCTBYIOIINX B
MHpPE CTAHJAPTOB JIEKTPOMATHUTHOH 0€30TaCHOCTH.

OTMmeTnM, 4TO mpupoda Omosormueckux IPQPeKToB ja-
3epHOI0 U3JIyYEHHS TaKxkKe 10 KoHIa He nonsTa [9—11]. Ectb
JI1 OOIIHOCTh B (PU3MYECKOW MPUPOAEe OMOIOTHYECKuX (-
(extoB DMII cTOJIb pa3HBIX YACTOTHBIX JAMAA30HOB — OTI-
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THYECKOTO, MUKPOBOJIHOBOTO M HHU3Ko4acToTHOro? Bepo-
STHO, HEBO3MOJKHO OJIHO3HAYHO OTBETUTH Ha 3TOT BOIIPOC.
C 0J1HO¥ CTOPOHBI, UMEIOTCSI OCHOBAHMSI IPEIIIOIAraTh TOX-
JIECTBEHHOCTb MHUILIEHEH, HA KOTOPBIE BO3ACHCTBYIOT HU3KO-
YaCTOTHBIE U paanoyacToTHbie IMII B Onosoruyeckoit Tka-
HU. C ApYroii CTOPOHBI, CYIIECTBYIOT HAOIIOIEHUS, YTO KOM-
OMHMPOBAHHBIE U3JIYUYEHUS, MOHOXPOMATHYECKOE JIA3EPHOE
U OTHOCHUTENIbHO IIMPOKOINOJIOCHOE CBETOIMOIHOE, 00Ja-
JTAt0T OCOOCHHOW TepaneBTHYeCKOl 3((PEKTUBHOCTHIO; NPU
9TOM CHEKTPHI U3JIyYeHUH, OUEBUIHO, CONEPKAT M MHUKPO-
BOJIHOBYIO KOMIIOHEHTY. He MCKIIFOUeHO, YTO YacTh MHUIIIe-
HEll MOXET pearupoBaTh KaK Ha JIa3epHOE U3JIyueHHe, TaK U
Ha uziyueHue DMII.

B yciioBusix oHOI U TO¥ e J1a00paTOPUN KOHKPETHBIN
MBD, kak mpaBMJIO, HAJIEXKHO BocmpousBoauM. OpaHAKO
mHorue MBD mnoka He moATBepKACHBI HCCIIETOBAHUSIME He-
3aBUCHMBIX JlabopaTopuil. MiMeeTcsi BaXHOE HCKIIFOUYCHHE:
MBD Ha MeaTOHHUHE — TOPMOHE, PETYJIMPYIOIIEM KaHIepO-
TE€HHYIO PE3UCTEHTHOCTb OPraHU3Ma, MOJIyUeH B ISTH U3 Je-
CSATH He3aBHUCUMBbIX HAyYHBIX KOJUIEKTUBOB [12, 13]. [Tpuunna
3aTPYAHEHHI C BOCIPON3BOANMOCTBIO PE3yJIbTATOB CBSI3aHA
C Pa3HBIMH «3JIEKTPOMATHATHBIMU» YCIOBHUSIMHU IPOBEICHUS
9KCHEPUMEHTOB: B YUCJIO CYILIECTBEHHBIX MapaMeTPOB BXO-
JIAT HE TOJIbKO 4acTOTa M aMILIUTYAa nepeMeHHbIX DOMIT, Ho
U HAIPSDKEHHOCTH IOCTOSIHHBIX MAarHUTHOTO M 3JIEKTpHYe-
CKOT'0 ToJiel U uxX opueHTanus. HeGombIme pa3nnuus B re-
HOTHIIE OMOJIOTHYECKOTO BUAA TAKXKe MOTYT ONPENeIsTh Be-
ymunHy a¢dekta [14]. TToatoMmy skcnepuMeHTATbHOE Ha-
6mronenne MBD 10 cux mOp HOCHT B ONPEIEICHHOM CMBI-
cJie BepOSTHOCTHBIN XapakTep.

OnBIT MHOTOJIETHUX UCCIIEIOBAHUI TOBOPHUT O TOM, YTO
(hOHOBBIE DJIEKTPOMATHUTHEIE TIOJIS SIBJISIFOTCS HE MEHEe Cy-
IIECTBEHHBIM OMOTPOMHBIM (PAaKTOPOM, YEM TEMIIEpATypa,
JIaBJICHUE U BJIAXHOCTh, U UMEIOT CKPBITHINA XapakTep JIeicT-
Busl. [losararor, 4TO MOCJIEICTBUSI HEKOHTPOJIUPYEMOI IKC-
no3unud IMIT MOryT mpOSIBUTBCS Yepe3 MecsIbl U JTaxe
TOJBI.

JanHoe 00CTOSTEIBCTBO IMOPOIWIO TaK HA3BIBAEMBIN
MPUHIUN TpeaynpenuteabHoctd BO3, mpennmchiBarommit
CHI)KATb 3JICKTPOMATHUTHYIO SKCHO3MIUIO JIFOJIEH Iaxe B
OTCYTCTBUE MOHUMAHHUS MPUPOILI BOZMOXKHBIX OMOJIOTHYE-
ckux 3¢ pexToB caadbix IMIT.

MHorue 3apyOexHble CTAHAAPTHI 3JIEKTPOMATHUTHOM
0E30MaCHOCTH HE YYHTHIBAIOT BO3MOXHOCTH HETEILTOBBIX
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a¢pdextoB. [IpuMeyaTesabHO, YTO CYLIECTBYIOIIME CTaHIAP-
TBI Pa3HBIX CTPAH OTJIMYAIOTCS APYT OT APYra B COTHU U 0O-
Jiee pa3, 9TO YKa3bIBaeT Ha UX HETOCTATOYHYIO 0OOCHOBAH-
HOCTb.

Pa3paboTka 0oJjiee COBEpPIICHHBIX CTAHAAPTOB TPEOYET
00BbsiCHeHUsT (PU3MUYECKOW TPHUPOJIBI HETEIIOBBIX 3(dekToB
OMII. OOwenpusHanHoro oObsicHeHuss MBD Ha ceromHs
HeT. bonee Toro, yacts pu3NKOB mosiaraer, 4To 0ObsICHEHNE
BOOOIIlE HEBO3MOXHO BCJIE/ICTBUE TAaK HA3bIBAeMOM MpoO-
sembl KT, a camo HaGmonenne MBD npotuBopeunt pusu-
YEeCKHM 3aKOHAM H, CJICIOBATEIBHO, SBJISIETCS apTe(hakTOM.

AHaIM3 S3KCIePUMEHTOB, HECYIITUX HHPOPMAIIHIO O (PU3H-
YeCKHX IMpOIeccax MATHUTOPEHENINH, CIeJIaH B MOHOTpa-
¢un [1]. DxcnepuMeHTHI JEMOHCTPHUPYIOT ONpeICTICHHYIO
ob6mHOoCTh B nposiBiieHusIXx MBD B pasnbix nabopartopusix,
BO MHOXECTBE IKCIEPUMEHTAJIbHBIX KOH(QUTypanuid W Ha
pa3HbIX OMOJIOrMYECKUX OOBEKTaX. DTU OOLIUE 3JICMEHTHI,
i GaKThI, SIBJISFOTCS OCHOBOM TEOPETUUECKOTO 0000IIIECHUS
[15]. Kaxnaplii U3 mepevrciieHHbIX HIKE (PAKTOB OTCEKAeT
(usnmieckn HeOMyCTUMBIe MeXaHn3Mbl MBD 1 TeM caMbIM
CyXaeT 30Hy IOUCKA MEXaHU3MOB JTOTYCTHMBIX.

1. HeconoctaBumMoCTh MacIITaOOB 3HEPTUM MAarHUTHBIX
nosieir (MIT) kak MpUYMHBI U SHEPTUH OMOXMMUYECKOH pe-
aKIuK Kak cieacTBus. OOBIMHO 3TO 0OCTOSITEILCTBO (POPMY-
JIMPYIOT B BUJIE «mpobieMbl KT», niu «mapagokca kK T»: eciiu
KBaHT 3Heprum cyiaboro Hu3kouactotHoro MII Ha MHOTO
MOPSIAKOB MEHBIIIE XapaKTEPHOU SHEPTUU €chem ~ KT €TH-
HUYHOTO aKTa XMMHUYECKUX IPEBPAILECHUH, TO KaK TOrAa BO3-
MoOxHa peaknusa? OTMETUM HEKOPPEKTHOCTb JAaHHOU (op-
MYJHMPOBKH, BeJb B HU3KOYACTOTHOM OOJIACTH Iaxke OYeHb
cnaboe MIT ¢ GoJIBIIUM 3aMacoM SIBJISIETCSI KJIACCHIECKIM
MoJIeM W MPUMEHUMOCTh MOHSTUSI KBAHTA TAKOT'O TMOJISI OT-
panuueHna [16]. Ho maxe paccmorpenune DMII kak kinaccuye-
CKOTO TOJIsl He ycTpaHsieT mapagokca. OH Takxe CBSI3aH C
TeM, 4TO, COTJIACHO LIMPOKO PACTIPOCTPAHEHHOMY MHEHHIO,
3apsi/l WIK HOH, BCTYMAIOIINN B XHMHYECKYIO PEAKIIHIO, OJI-
)KEH UMETb JOCTATOYHYIO JHEPrUIO, YTOOBI MPEOJ0JIETh
sHepreTuueckuil 6apbep peakuuu. OOBIKHOBEHHO 3Ta 3HEP-
rUsl COOOLIAETCSl €My OKPYXXAIOIIMMM YacTUIIAMH, y4acT-
BYIOIIIUMH B TEIUIOBOM JBWXCHUU, M BKJaj ciaboro MII
3/1ech Mcuesaromie Majl. MOXHO OLIEHUTH BpeMsi, HEOOXOa1-
Moe ISl TOTO, YTOOBI Hm3kouactoTHOe MIT coobmmio nony
SHEPIuio, TPeOyeMyro ISl WHUIUUPOBAHUS XUMHUYECKOTO
npouecca. B uneanpHbIX YCIOBUSIX, KOTIa MOH SIBJISIETCS Ya-
CTBIO OCLMULIIATOPA (2 TOJIBKO B 9TOM CJIyyae OH MOXET Ha-
KOIIUTh SHEPTHIO) ¥ OJIHOCTBIO OTCYTCTBYET 3aTyXaHUE MIIN
TpeHue, I 9TOTO MOTPedyeTCs OKOJIO ro/a axe B yCIo-
BHUSIX PE30HAHCA, PU PE3KOM YBEJIMUCHUN CKOPOCTH 0OMEHA
sneprueit Mexay MII m ocnimyuisitopom. CrieroBaTesIbHO,
MEPBUYHBIA (PU3MUYECKUI MEXaHU3M, OTBEUYAIOIINI 32 MarHH-
TOPEIETIINIO, HE MOXET ObITh PE30HAHCHBIM. [100aBUM, YTO
HaunboJiee 3¢ pexTuBHOM KOHPUrypanueit MIT sBisieTcst KoM-
OMHAIUS MapaJlIebHBIX MOCTOSIHHOTO U nepeMeHHoro MIT
[17], yTo nmaer emie OTHO yKa3aHUE HA HEPE3OHAHCHYIO MPU-
poxry MB3: MarHuTHBIN pe3oHaHC BO30YXKIAETCsl TOJIBKO B
nepemeHHoM MII, nepneHaukyJIsipHOM K MOCTOSTHHOMY TIO-
JI0.

2. Habmronenne B psifie ClydaeB 4acTOTHOTO CIIEKTpa
nerictBusg MII Ha Ouosornyeckue cuctemsl (cMm., Hamp., [14,
18]. O6napysxeHno cosnanenue 3¢pekTuBHbIX yacToT MBD ¢
UKJIOTPOHHBIMH YaCTOTAMU OMOJIOTHYECKU BaXKHBIX HOHOB
Ca, Mgu npyrux B reoMarauTHom nosie [19]. HaGaronanu ve
TOJIBKO YHCIIEHHOE COBIAJICHHE YacTOT, HO U MPOMOPIHO-
HaJILHOCTh 3()(EKTUBHBIX YACTOT HAIMPSHKEHHOCTH MATHUT-

HOTO TOJISI, T.€. MOJIOXKEHUS CHEKTPAJIbHBIX MAKCUMYMOB
YAOBJIETBOPSIIOT COOTHOLIeHnI0 ¢H/Mc, tie ¢ u M — 3apsig
u Macca noHa, H — HanpspkeHHOCTh noctostnaoro MII, ¢ —
CKOpOCTb cBeTa. Hen3BeCTHBI MaKpOCKOIIMYECKUE 3aPsIKEeH-
Hble OOBEKTHI C OTHOIIIEHHEM 3apsijia K Macce Kak y HOHOB
Kasblus, Maruust u ap. OTcroa CieAyeT, 4YTO B 4aCTOTHO-
ceslekTuBHBIX MBD ciiaboe (MHAYKIIMS MarHUTHOTO T0JIsl B
menee 100 mMxTn) HEU3KOuwacToTHOE (dactoTa Hmke | xI['m)
MII geficTByeT B OMOJIOTHUECKHX TKAHSIX HA MHUIIIEHU aTOM-
HO-MOJIEKYJISIpHOTO Macitaba. B To ke Bpems Helb3s yT-
BEPXKIATh, YTO IUKJIOTPOHHBIN PE3OHAHC SBJISICTCS IEPBUY-
HBIM MeXaHu3MoM MB3: 100601 MeXaHU3M C y4acTHEM HO-
HOB, ABmxyHmxcss B MII, OymeT omnepupoBaTh 4acTOTAMU
OUKJIOTPOHHOTO PsAMA, T.K. APYTUX KOMOWHAIUWI U3 mapa-
meTpoB noHa u MII ne cymectByeT. Bropoit BbIBOg — 3TO
BOBJICYEHHOCTD 3¢ ¢ekTa 3eemMaHa, T.e. JMHEWHasl 3aBUCH-
MOCTb 9HEPIUH CTALIMOHAPHOIO IBUXeHUs 3apsaa B MII ot
ero HanpsDKEHHOCTH. [1pu 3TOM ABIKYIIAsCS YacTUa J0JI-
JKHa 00J1a1aTh MATHUTHBIM MOMEHTOM, OPOUTATILHBIM HJIH
CIIMHOBBIM.

3. Habmronenne nesmuelinoctn MBD [20, 21]. C poctom
AMIUTATYIbI TOJIs1 9¢QEKT cHavala pacTeT, a 3aTeM MaJacT;
HaOJII0JaM ¥ ABA U TPU MHUKA HA aMIUIMTYAHOHN 3aBUCUMO-
ctu [22] u BoOOIIE CIOXKHBIE AaMIUIMTYIHbIC CIEKTPhI [23].
Henuneiinsiit xapaktep MB3D nposiBiisieTcs Takxe B TOM, YTO
OumoJtornieckast peakiusi Ha CyMMY 9JIEKTPOMArHUTHBIX CTH-
MYJIOB HE paBHA CyMME PEaKIMil Ha KaXX bl U3 CTUMYJIOB 110
otneapHOoCTH. B wactHOCTH, MBD MOXET OBITH pa3pyllieH
J06aBJIeHUEM MATHUTHOTO IITyMa B MOJIE 9KCIIo3uuy. Taxue
SIBJICHHSI HEBO3MOKHBI TSI JIMHEWHBIX cucteM. Kazaoch Obl,
Hammuue 3(PQPEeKTHBHBIX YACTOT WJIM YaCTOTHOTO CIIEKTpa
TOBOPUT O pe30oHaHCHOM neicTtBuu MII Ha mnepBHYHYIO
muieHb. OqHako ¢akt HenmHelHocTH MBD omposepraer
Takol BeIBOA. [Ipu c1aboM ypoBHE BO30YXKACHUSI pE3OHAHC,
T.€. POCT CKOPOCTH OOMEHA SHEPrueil B CUCTeMe P COBIIA-
JIEHAW YaCTOTHI BO30YXKIIEHHUS U COOCTBEHHON YacCTOTBI OC-
OUJUISITOpA, — 9TO JIMHEHHBINA 3¢ dekT. EqnHCTBeHHAS BO3-
MOHAsl HEJIMHEHHOCTD 3/1eCh CBSI3aHA C HACBHIIICHUEM PE30-
HAHCA B OTHOCHUTEJIbHO CHJIBHBIX MOJISIX, HO HE C €ro pas-
pyuennem. M3BecTHOE e SIBJIEHIE HETMHEHHOTO pe30HAHCA
JIaJIeKO HE COOTBETCTBYET TEM YCIIOBUSIM BO30OYXICHUS,
KOTOpPBIE PEasM3yIOTCsl B 3KCHEPUMEHTAX IO HAOJIFOIEHUIO
MBD. W3mepenHble aMmumTyaHble 3aBucumoctu MBD
BeAyT ceOsl Tak ke, Kak (DYHKIMS TUIa OeccesieBOi, YTO yKa-
3bIBA€T HAa BOBJICYEHHOCTH OOIUX (PU3UUECKUX IPUHIUIIOB B
nporecc MaruurTopeneniuu. Mtax, nepBUuHbIN HU3MIeCKuit
mexanu3M MBD enBa jm cBsI3aH ¢ PE30OHAHCHBIMH IIPOIIEC-
CcaMU TakXe U 10 NMpuunHe HemHeiHocTn MBJ.

4. CxoactBo Omostormyeckux 3pekToB cadbIX HU3KOYA-
crotHblX MarHUTHBIX 1 CBU—-KBY mnoseir (MUKPOBOJIH).
O06a Tumna 3pPekToB HEOJTHOKPATHO HAOIIOAATN B OJHUX U
TexX ke OMOJIOTMYECKUX cHcTeMax. B uactHocTH, B 3(ddek-
TaxX MOJAYJIMPOBAHHBIX MUKPOBOJIH HMEIOTCSI PE30HAHCOIIO-
JOOHBIE 3aBUCUMOCTH OT YacCTOTHI MOMYJISIMH, TPHYEM
3 QeKTUBHBIC YACTOTHI COBIAJIAIOT C TAKOBBIMU B 3(ppexTax
HU3K04acTOTHBIX MIT. DTO yka3bIiBaeT Ha €AUHYIO MOJICKY-
JISIPHYIO (DU3UUYECKYIO MPUPOY OUOJOTUYECKOTO JEHCTBUS
Kak Hu3ko4acToTHbIX MII, Tak u MukpoBoJiH. Jlo6aBuM eriie
(bakT CymecTBEHHOCTH ISl HAOJIOAECHUS OMOJIOTUIECKOTO
a(dexTa coCTOSIHUS TOJISIpU3aIMi MUKPOBOJTH [24]. TTo100-
Hasi 3aBUCUMOCTH XOpoIio u3BectHa /s DMII, B3anmoeii-
CTBYIOIIMX C MOJIEKYJISIPHBIMHU CHCTEMAaMH, 00JIaJaloluMu
CcOOCTBEHHBIM MATHUTHBIM MOMEHTOM.

5. Habmonenme (wHOTHIA) OMOJIOTHYECKHX 3PPEKTOB
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OMII, KOoTOpbIE UMEIOT TPOTUBOIOJIOKHOE KHAMIPABJICHUE
110 CpaBHEHUIO C 3(ppekTaMu, BEI3BIBAEMBIMU HATPEBOM OHO-
JIOTMYECKOM CHCTEMBI. DTO TAKXKe YKA3hIBAET HA HETETIOBYIO
npupoay Takux 3¢(eKToB.

6. Habironenne Owosormueckux 3((GeKToB, KOPpPEH-
PYIOIIMX C MEIJICHHBIMHU BapUalUsIMU [€OMAarHUTHOTO MO-
n. Takue moJst ciiefyeT paccMaTpUBATh KaK KBa3ucTaTuye-
CKHE, TIOCKOJIbKY B OMO(PHU3UYECKUX CTPYKTYpax HET 0OBEK-
TOB CO CTOJIb HU3KIMU COOCTBEHHBIMH YacTOTaMu. MMerot-
Csl OCHOBAHMSI MMOJIAraTh, YTO Bapualu noctossHHoro MIT,
COOTBETCTBYIOIIUE FEOMATHUTHBIM BapUAIMsIM, MOTYT OKa-
3BIBATH MPSIMOE JICHCTBUE HA OMOJIOTHUECKUE CHCTEMBI [25].

TaxoBbl ocHOBHBIE PakThl. COBOKYIHOCTb UX JIOCTATOY-
HO YHHUKAJIbHA JIJISI TOTO, YTOOBI CIIEJIATH CJIETYIOIIIE BBIBO-
nbl: 1) mepBUYHBIE TPOIECCH, HE CBSI3AHHBIE C YAaCTOTHOMU
CEJICKTUBHOCTBIO, JTIOJDKHBI BOBJIEKATH BO B3aMMOJICHCTBHE
IPOMEXYTOUHbIE CYOMUKPOHHBIE CTPYKTYPbI, 00J1aJaro1re
CcOOCTBEHHBIM MAarHUTHBIM MOMEHTOM, TAKUM, YTO €0 SHEP-
rus B ciiabom MII 3ameTHO npeBblaeT k7; 2) nepBUYHbIC
Pe30HAHCOIOA00HBIE IPOIIECCH, OTBETCTBEHHBIE 38 BOCIPH-
SITHE CUTHAJIOB clTaObix DMIT GMOJIOTHIeCKMMU CHCTEMAaMH,
pPAa3BUBAIOTCSl HA ATOMHO-MOJIEKYJISPHOM YPOBHE, OHU CBSI-
3aHbI ¢ 3ppekToM 3eemMaHa, HO He SIBJISIFOTCS PE30HAHCHBIMU.

Hanee paccMOTpeHbI GPU3NUECKHE TPOIECCHI, OTBETCTBEH-
HBIE, TO-BUINMOMY, 32 BO3HUKHOBEHHE MATHUTOONOJIOTHYE-
ckux 3¢ GeKTOoB.

1.1. B3anmoaeiictBue MII ¢ MarHnTHEIM MOMEHTOM

CyOMMKpOHHBIE YaCTHIlbI, 00JIaJarOIMe MATHUTHBIM
MOMEHTOM, Hai{IeHbl BO MHOTHIX JKHBBIX 00beKTax. Maraur-
HBIf MOMEHT | MATHETHTOBBIX YACTHIL MIPEBBIIIAET JJIEMEH-
TapHbId Ha 7 — 9 mOpsIAKOB. DHEPrHs UX MOBOPOTA B CIaboM
MAarHUTHOM T10JI€ C HANPSKEHHOCTHIO H CylecTBEHHO 00JIb-
11Ie YHEPTUHU TETTOBBIX urykTyarwmii x T. J{J1si 0/THOTOMEHHBIX
qacTull Maruetura paanycomMm 100 HM B TEOMarHuTHOM TOJIE
uH = vJH ~ 24k T (v,J — 06beM 1 HAMAarHHYEHHOCTb HACHI-
menusi). CooctBenHoe MIT yacTuibl BOJIM3U Hee TOCTUTAET
0.2 T (3TO B HECKOJIBKO THICSIY pa3 OOJIbIle BEJIMYMHBI [€0-
MAarHUTHOTO MOJISI) U CHJIBHO 3aBUCHUT OT €€ OpUEHTALUH, TI0-
9TOMY MOBOPOT YACTHII MOXET 3aMETHO M3MEHUTbH CKO-
POCTb XUMHUYECKHMX PEAKIIMI C y9acTHEM CBOOOIHBIX PaaHMKa-
JIOB.

OcoOblif WHTEpeC MPEACTABISIOT YACTUIBI MATHETHUTA,
OoOHapy’>XeHHbIE B MO3T€ MHOTUX >KUBOTHBIX M 4YeJIOBEKa: C
UX HAJIAYUEM CBSI3bIBAIOT OJUH U3 MEXaHU3MOB JACHCTBHS
cnabbix MIT Ha opraHu3Mel (cM., Hamp., 0630p [25]). Vcra-
HOBJICHO, YTO YACTHILI IMEIOT OMOTEHHOE POUCXOXKACHUE,
T. €. B TEUCHHE JUTUTEJILHOTO BPEMEHHN 00Pa3yOTCs B Pe3yJib-
TaTe KPUCTAJUIM3ALUU HETNOCPEJACTBEHHO B Mo3re. buoren-
HbI€ YaCTHUIBI MAarHETUTAa 4YacTO Ha3bIBAIOT MAarHUTOCOMA-
mH. IT10THOCTL MarHUTOCOM B TKaHSIX MO3Tra 4YesIoBeKa CO-
craBiseT He MeHee 5 X 10°, a B M0O3roBoii 060J104Ke — GoJtee
10% xpucTanzos Ha rpamm [26], B cpenaem 50 mr/r [27].

DHepruss MarHUTOCOMBI B T€OMAarHUTHOM TIOJIE paBHA
npuMepHo 24 kT, claemoBaTeIbHO, PEryJIsipHbIC U3MEHEHUS
9TOH 9HEPIUU B JOMOJHUTEILHOM NEPEMEHHOM MAarHUTHOM
TOJIe HATIPSDKEHHOCTBIO /1 COCTAaBST OKOJO (/1/ Hyeo)24xT. Ec-
JI1 3TU PETyJSIpHbIE M3MEHEHWs NPEBBIIAIOT CIy4aifHbIe,
uMeroLre MopsiaoK k7/2, TO OHM MOTYT BBI3BATh OMOJIOTH-
YECKYIO PEaKINI0. ITO 0OCTOSTENIBCTBO HAKJIAABIBACT €CTE-
CTBEHHOE OTPAaHUYCHUE HA BEJMYUHY HAMPSHKEHHOCTH Tepe-
MenHoro MII, cnocoGHOro oka3aTh 3aMETHOE BJIMSHHAE Ha
OMOpU3NIYECKYI0O MM OMOXUMHUYECKYHO cHUcTemy: h= 1-2
MK T, OmHako, Kak MOKa3aHO HUXKe, Mpe/le/IbHAS BEIMInHA

JIETEKTUPYEMOTo Ha OuosiornueckoM ypoBHe MII moxer
OBITH HA TIOPSIIOK MEHBINIE B YCIOBHSIX HEJIMHEHHON CTOXa-
CTUYECKON AMHAMUKH MAarHHTOCOM, ABIDKYIIMXCS B IIOTEH-
nuasie oO1ero Buaa ¢ AByMsi MUHUMyMamu. [1pu 3Tom B psi-
JIe CJIy4aeB TEIJIOBbIE BOSMYIIICHUSI HE MACKHPYIOT, a HATIPO-
TUB, 00JIErYatOT NPOSIBJICHUE IEUCTBUS CIa0BIX MATHUTHBIX
CHUL.

1.2. B3zanmopeiicteue MII ¢ aBmkymmmcs 3apsiioMm

Bce ¢usmyeckue mponeccsl, B KOTOPBIX BO3MOXHO BITHS-
Hue DMII Ha nBUXeHUE 3apsa, yI00HO pa3e/IuTh Ha KJIac-
ChI 110 TUILY ONIMCAHUS JUHAMMKY 3apsiia, KIacCUIeCKON 1iin
KBAaHTOBOU, M MO TUIy AMHAMHYECKON MEpEeMEHHOU, 3Haue-
HUE KOTOpOH B mpouecce B3auMojeictsusa ¢ OMII cyme-
CTBEHHO MeHsieTcs. B kiaccuueckoil AMHAMMKE COCTOSIHHE
YACTHULBI 3aJaHO €¢ KOOPAUHATAMU U CKOPOCTSIMHU, B KBaH-
TOBOW — BOJTHOBOU (DYHKITMEH NITH MaTpUIIeH II0THOCTH. Jlu-
HAMUYECKUMU TEPEMEHHBIMH SIBJISIFOTCS KOOPJMHATBI dac-
THUIBI, €€ UMITYJIbC (M1 MOMEHT UMITYJIbCA, WM SHEPTHs) U
CIIUH — «BHYTPEHHSIS» IIEpEeMEHHAS.

Bo3Hukaromue kjaaccel MPOLECCOB, NMPEICTABICHHbIE B
Ta0J1.1, JJerko IPOKOMMEHTHUPOBATD C TOUKU 3PEHUS IPABIO-
NMOIOOHOCTHU UX Yy4aCTUS B MArHUTOPELEIIINY.

Tab6a.1. Kiaccsl mporeccoB mpeodpaszoBanust u3menennit MIIT B uameHe-
HUSI IEPEMEHHbIX JBIKEHUS! YACTUIIBL.

OG6BEKT BO3ICHCTBHS Junamuka 3apsaaa

MII (nepeMeHHBIE)

Knaccuueckast KsanToBas

JBmxenne nox geict- VuTepdepennus
Koopaunara "

BueM cuiibl JIopeHna  cocTosTHuUiA
DHeprus
(MMITyJIbC, YIJI0-

BOI MOMEHT)

Haxauka OHEPrun KBanToBbie nepexoabl

Crun - CrnuHoBasi JMHAMMKA

006 u3meHeHnn 3Hepruu yactuiibl B MIT ObL10 ckazaHo
BBIIIIE: HAKOIUJICHWE JOCTATOYHOM 3HEPIUU [1aXe B HJICAJIb-
HBIX YCJIOBHUSIX Pe30HAHCAa HEBO3MOXHO 33 pa3yMHbIe HHTEP-
BaJIbI BPEMEHH U HE COOTBETCTBYET HAOJII0JaeMOM HEJIMHEH-
HOCTH MarHUTOPEIENINHU CIa0bIX MOJIei. DTOT BBIBOJ HE 3a-
BHCHT OT CIIOCO0a ONMCAHUS POoLecca — KIIACCHIECKOTO HITH
KBAHTOBOTO.

CrnmHOBasI AMHAMEKA MOTJIA ObI TPOSIBUTHCS B PEAKITUSIX
C yyacTueM nap cBOOOAHBIX paaukalios [28]. Kak u3BecTHo, B
MAarHUTOXUMUH AP PaJUKaJIOB MpaBuiia 0TOOpA MO CIUHY
He TpeOyIoT HaKoIUIeH!Us SHepTruu MIT B CIUHOBBIX CTETIEHSIX
cB00ObI. OHAKO UMeeTCs P PU3HKO-XUMUYECKUX PaKkTo-
POB, OrPaHUYMBAIOIIUX U3MEHEHUE CKOPOCTU paIUKaJIbHBIX
peakmuii 3HaUeHWeM, He npeBbimaronmM 1 % ua 1 mTir. D1o-
T'0 HEIOCTATOYHO 151 HAJIS)KHOT 0 00'bsicCHeHH 1 On03(ppekToB
cnadbix nepeMeHHbIX MIT ¢ amruuty o nopsiaka S0 Mx T u
menee. Kpome Toro, maHHBIN MeXaHI3M He 00J1a4a€T YacTOT-
HOI N30MPaTETHHOCTHIO.

HevictBue MII Ha KOOpIMHATHI YaCTHUIBI JOIYCKAET KaK
KJIACCUYECKOE, TaK U KBAHTOBOE ONHCaHME. B xiaccuyeckoi
IMHAMUKE Ha 4YacTHUIly, ABIKYIIytocs B MII, neiicTByeT cuna
Jlopenma, nepneHANKYIsIpHAsT BEKTOpPY ckopocTu. Yactuna
OTKJIOHSIETCSI OT MPSIMOJIMHEHHOM TPAaeKTOPUH, HO OTKJIOHE-
HHUE 3a BpeMs CBOOOHOTO Mpodera B cpeie Ype3BhIYANHO
MaJio, B MHJIMAP/T pa3 MEHbIIE UTMHBI Tpobera. DTOT mpo-
1ecc SIBHO HE MMEET OTHOIIIEHHUSI K MATHUTOPELICIIIUH.

Ocraetcs aeiictBue MIT Ha KOOpIMHATHI KBAHTOBOI Yac-
THIIBI, TOYHEE, Ha paclpe/ieIeHue BEpOsSTHOCTEH KOOPINHAT,
T.€. Ha BOJIHOBYIO (DYHKIMIO YacTHIbL. [lepepacnpeneenHne
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IJIOTHOCTH BOJIHOBOH ¢yHknuu B MII He TpeOyeT HaKorIe-
HUS JHEprum macimraba eJUHUYHOTO aKTa XMMHUYECKO# pe-
AKIIUY, T. K. IPOUCXOMT 3a CUET CABUTA (ha3 KOMIIOHEHT BOJI-
HOBOI QyHKIIMH. B TO e BpeMsl epepacnpe/iesieHue miIoT-
HOCTH BOJIHOBO# (DYHKIINY CBSI3aHO C BOSHUKHOBEHUEM HEJTH-
HEUHBIX MHTep()EePEeHIIMOHHBIX 3PPEKTOB, CHOCOOHBIX TTOBJIH-
SITh HA XOJ XMMHYECKOIo mpouecca. BrnepBble mepcnekTuB-
HOCTB 3TOTO KJIacca IMporeccoB i1 oObsicHeHnst MBD Oblia
rnmokasaHa B pabote [29].

Criabble MUKPOBOJIHOBBIE M HHM3KOYacTOTHBIe DMII He
CIOCOOHBI pa30PBATh XUMHYECKHE CBA3H OMOJIOTUIECCKUX MO-
JIEKyJI, T.€. He MOTYT BBI3BaTh UX Aucconuanuio. OgHako
OMII B coCTOSTHUY YIPABJISITh TUCCOUALIUEH MOJIEKYJI, €CJIU
OHA MPOUCXOAUT MO KAKUM-JIMOO0 APYruM puinHaMm. B mpo-
necce MeTaboM3Ma MHOTHE MOHBI K MaJIble MOJIEKYJIbI CBSI-
3BIBAFOTCS C OCJIKAMM U, TEM CAMbBIM, MEHSIOT UX OMOXUMH-
4eCKyl0 aKTUBHOCTb. IIpoucxonuT u oOpaTHBIH mpolecc —
nucconuanus. O0a mporecca y4acTBYrOT B (pOPMUPOBAHUU
O6uosornueckoro paBHoBecusi. OKa3bIBAETCS, YTO MEPEMEH-
Hoe OMII co crenmanbHBIMU TapaMETPAMU BCJIEICTBUE MH-
TephepeHIINT HOHHO-MOJIEKYJISIPHBIX KBAHTOBBIX COCTOSTHUIA
CHOCOOHO CMECTUTh PABHOBECHE, A CJICOBATENILHO, BLI3BATh
6uosornueckue 3¢pdextol. OT™METUM, YTO PUIMUYECKAS TPH-
pona uHTepdepeHIMu He CBs3aHa ¢ HArpeBOM OMOJIOrHYe-
CKHX TKaHel 3a cuet norJolienus sHeprun IMII. ITostomy
OHa MOXET IMPOUCXOUTh U B OUeHb cIabbix DMII, koTophIe
3aBEIOMO He BBI3BIBAIOT HAI'PEBA.

BaHo, 4TO HE TOJIBKO YacTOTa ¥ aMIUIATY/1a HAPSDKEH-
HOCTH niepeMeHHoro DMII, HO Takke ¥ HANPSKEHHOCTh T10-
ctostHHOTO0 MIT OTHOCSITCS K UHCITY CYIIIECTBEHHBIX TApaMET-
poB. BeposiTHOCTh Amcconuanuu npu (pUKCHPOBAHHBIX Ya-
CTOTE U aMILTUTYJIE MOXET MEHSITHCSI B 3ABUCIMOCTH OT Ha-
MPSHKEHHOCTH JIOKaTbHOTO MIT, 4TO OOBSICHSIET OTHY U3 TIPH-
YMH HU3KOW Bocpon3BouMocT MBD.

Teopust uHTEphEepeHIINN KBAHTOBBIX YIJIOBBIX HOHHO-MO-
JIEKYJISIPHBIX COCTOSIHUI TIO3BOJISIET PACCUNTHIBATE CHEKTPHI
3aBucuMocteit MBD oT mo0BIX mapaMeTpoB IJIEKTpoMar-
HUTHOM 3kcno3unuy [6]. CpaBHEHUE TEOPETUYECKUX CIEKT-
POB M 3KCHEPUMEHTATbHBIX 3aBHCUMOCTEH MOKA3bIBACT UX
XOpolllee COOTBETCTBHE. Takoe COOTBETCTBUE TeM OoJiee He-
OOBIYHO, YTO CPABHUBAIOTCS PE3yJIbTAThI (PU3UUECKOI Teo-
pHUH ¥ OUOJIOTHYECKOTO IKCIIEPIMEHTA.

2. HekoTopsble U3 npe//io:keHHBIX Mo/IeJieii

OJ1Ha U3 UCTOPUYECKHU TIEPBBIX UeH B 00JIACTH MATHUTO-
OmoJsiornyu CBsI3aHA C TaK Ha3bIBa€MbIM OMOTCHHBIM MarHe-
THTOM B MarHUTHOM TOJIe. B TeJile HEKOTOPBIX KUBOTHBIX U
MEKPOOPTaHU3MOB €CTECTBEHHBIM IyTeM 00pa3yroTCs MUK-
POCKONUYECKHE KPUCTAILIbI, OOBIYHO MAaTHETUTA, CIIOCOOHBIC
HamarupuuBathbes. [Ipu MX B3aumMoOIEHCTBUU C BHELIHUM
MII BO3HHKAET BpaIlaTeJbHBIII MOMEHT U KPUCTAJUIBI OKa-
3BIBAIOT JAABJICHUE HA OJIM3JIeKAIINE TKAHU, YTO U BBI3bIBAET
owmostormueckyro peaknuro [30]. OmHaKo 3TOT MEXaHU3M pe-
aeT TOJbKO YacTh MpoOJieM MaruutTobuosioruu. Beab on-
HOKJIETOYHbBIE OPTraHU3MBbI, B KOTOPbIX MAarHeTUT OTCYTCT-
BYET, TaKXe CIOCOOHBI pearupoBaTh HA MAarHUTHOE IOJIE.
IMpudeM peakiysi BO MHOTUX CIIyYasix HOCHT CJIOKHBINA He-
JINHEHHBIN, YaCTO IMOJMIKCTPEMAIILHBIN (B 3aBUCUMOCTH OT
napaMeTpoB moJis) xapaktep. HeoOxomumo Takxke OaTh
00BSICHEHNE MAaTHUTOYYBCTBUTEIBHOCTH K M3MeHeHusM MIT,
MEHBIIINM eCTECTBEHHOTO Tpe/iena, ONMpeAesIieMOoro SHepruei
4acTHUI OMOTEHHOTO MAarHeTUTAa B TEOMAarHUTHOM TOJIE.

OpueHTanmoHHbIe dPPEKTHl MOTYT BO3HUKATH TaKXkKe W

Ha MOJIEKYJISIPHOM YPOBHE KaK IPOSIBJIEHUS J1a- U Tapamar-
HeTu3Ma. OTHAKO OHH CTAHOBSITCS CYILIECTBEHHBIMH TOJBKO
B noctaTtoyHo ciibHBIX MIT, mopsiaka 1 T u Boie.

HNuorpa Owonornueckyro 3pQPpeKTHBHOCTL ciadbix MIT
OOBSICHSIFOT HA OCHOBE NPEJICTABJICHUS] OMOJIOTMYECKOM TKa-
HU WM OMOMU3NYECKUX CTPYKTYP B BHJE IKBUBAJCHTHBIX
pacrpe/ieJieHHbIX 3JIEKTpUYecKuX neneid. B arobom ciyuae
9TOT MOAXOI, SIBJISISICH (PeHOMEHOJIOTUYECKHM, HE PelIaeT
poOJIeMbl MATHUTOOHOJIOTUHL.

MHOroKkpaTHO IPOBEPSIACH TUIIOTE3a O TOM, YTO JICHCT-
BYIOIIMM (HPaKTOPOM MPHU 0OTYYSHUN OHOJIOTUIECKUX CUCTEM
HU3KOYacTOTHBIM MII SIBJISITOTCS BUXPEBBIE 2JICKTPUUECKHE
TOKH, HHAYIMpYeMble nepeMeHHbM MII B Onostormyeckux
TkaHsX. OHM MOTYT NPUBECTH K HATPeBY TKaHHU, a TakXkKe K
CMEIIIEHNIO JJIEKTPOXUMHUYECKAX PEAKIHMH, eCId HX IUJIOT-
HOCTb TPEBBIMAET MJIOTHOCTh €CTECTBEHHBIX OMOTOKOB (~ |
MA /M?). TOKH ONIpeneNsIoTCs HaNPSKEHHOCTHEO MHAYIAPO-
BAHHOTO 3JIEKTPUYECKOTO TOJIsl, TPOMOPUUOHATBHONR MPO-
M3BENICHUIO aMILTUTYIbI HAMPSHKEHHOCTH M yacToThl MIIL.
Ecmu runoTesa Bepra, To MBD B akcniepuMenTe JoKeH KOp-
pPeIMPOBAThH C U3MEHEHHUSIMU 3TOUN BEJTMYUHBL. J{eficTBUTEIND-
HO, UIMEIOTCS 9KCIEPUMEHTAIbHBIE CBUIETENLCTBA TOTO, YTO
C pocTOM HalpspkeHHOCTH nepemenHoro MII mosBisiercs
Takas Koppessius. OQHAKO KOPPEJsuil B cllydae OTHOCH-
TeJIbHO c1abbix MII, mopsiika TeoMarHuTHOTO, B HECKOJIb-
KMX HE3aBUCHMBIX MCCJIEIOBAHUSIX OOHApyXEHO HE OBLIO.
DTO0 yKa3bIBaET HA CYIIECTBOBAHUE TIEPBUYHBIX MEXaHU3MOB
MBD, He CBA3aHHBIX C BUXPEBBIMH TOKAMH.

Yacto roBopsT 00 UHGOPMAIIMOHHOM, UJIM CUTHAJILHOM,
xXapakTepe JeHCTBUS CIa0bIX PU3MKO-XUMHUYECKUX (PAKTOPOB
Ha OmoJsiormyeckue cucTeMbl. [Ipu 3TOM UMEIOT B BHAY, YTO
O6rocrcTeMa HaXOIUTCS B COCTOSTHUH, OJIN3KOM K PEXKUMY He-
YCTOMYMBOTO AMHAMHUYECKOTO0 paBHOBecus. IlosToMy Hamo
JIMIIb TOATOJKHYTH CUCTEMY, U OHA NEpeiaeT B Ipyroe co-
CTOSIHHE 32 CYET BHYTPEHHHUX PecypcoB. IpyruMu coBaMH,
MPOM30MIET TaK HA3BIBAEMOE ONOJIOTMYECKOE YCHIICHHE CIa-
6oro curnaiza MII. 151 GeHOMEHOJIOTHIECKOTO OTHCAHUS
3TOTO MPOIIECCa UCTIOJIb3YHTCS YPABHEHUSI XUMHUYECKON KH-
HeTUKU. [Ipu onpeneseHHbIX YCIOBUSX UX PELIEHUS JEMOH-
CTPUPYIOT OUYypKAIMOHHOE TTOBEICHUE — IEPEXO/T TIOJT JICH-
CTBHEM CJ1a00T0 BO3MYILIEHHSI B KAYECTBEHHO MHOM JMHAMHU-
YECKHUI pexXrM. B mpuMeHeHn K 2JIeKTPOMArHUTOOUOJIOT HA
3TOT MOAXOJT 00CYXKIacs, HanpuMmep, B [31, 32].

BaxkeH Bompoc: mouemMy TEIJIOBbIE (IIyKTyalluy, MacIll-
Ta® SHEPIMU KOTOPBIX HA JIECSATh HMOPSIIKOB IPEBBIIIAET
KBAHT 3HEPTMUM MATHUTHOTO MOJIsI, He pa3pymarotr MBD?
OTBeT Ha HErO CBS3BIBAIOT C MAECEW KOTEPEHTHOTO BO3MIEH-
CTBHUS BHENTHETO (akTopa Ha (oHE HEKOTePEHTHOTO TEILIO-
Boro myma. Torga MOXHO packa4aTb KaKO-JTMOO BBICOKO-
JIOOPOTHBIN OCHUILIATOP (BpEeMEHHA sl KOTEPEHTHOCTD) /IO CO-
CTOSIHMS, B KOTOPOM €ro dHepruu OyneT HOCTATOYHO IS
VHUIAUPOBAHMSI AKTa XUMUYECKON PEaKIH, THOO TaK u3Me-
HUTb CHHXPOHHYIO CHCTEMY OCHIJLIATOPOB (TIPOCTPAHCTBEH-
Hasi KOTEPEHTHOCTB), YTO BLICBOOOTUTCS KBAHT SHEPT MU KOJI-
JIGKTUBHOTO BO30yxacHums [33, 34].

[pyras Bepcusi COCTOUT B TOM, YTO HE SHEPIUs, a KaKue-
TO IpYrHue mapaMeTpbl OCHIILIATOPA, HAPUMED MOJISIpH3a-
nusl kosebanuit, mpuodbperaroT mox aevictsuem MII cBoii-
CTBa, BIUSIONINE HA PabOTy CBS3aHHBIX C HUM Onodu3nye-
ckux cucrem. Tak, B [35, 36] oOcyxnanoch npuMeHEHHE TeO-
pemMbl JlapMopa K HOHY, CBS3aHHOMY B MHKPOTIOJIOCTH
kajmbMoaymHa. LleHTpasibHOM uaeeit ObLIO TO, YTO HAIIPaB-
JIHVE OCHMJUISIIIMNA MOHA OKA3BIBAET PEIIarollee BIUSHUE Ha
¢dbopmy Oerka, 4TO, B CBOIO OYEPE/lb, BHI3BIBAET U3MECHEHHE
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(bepMEHTHOM aKTUBHOCTHU. B paMKkax KJIacCHUeCKO# JTuHAMMU-
Ku ObLTO UCCIIETOBAHO M3MEHEHUE HAPABJICHUS KOJIeOaAHMIA
B mepeMeHHbIXx MII pasznuunoit koHpurypamuu. OmHAKO
MOJTHOCTBIO OOBSICHUTD IKCIIEpUMEHTAJIbHBIE (haKTHI HE ya-
JIOCh.

Ewie onHa uaest npeooseHus TemioBoro ¢pakropa omnm-
paeTcst Ha Tak Ha3bIBA€MOE SIBJICHUE CTOXACTHYECKOTO Pe30-
HAaHCa, KOTOPOEe MPUBIIEKATIOCh MJIsI PEIICHHs «IPOOIeMbI
kT». OnHako x03hGUIMEHTH YCUIICHHS], TIOJTyYeHHbIE B pe-
aJbHBIX cucTeMax, He npesbimaroT 100 [38], uTo maneko He-
JIOCTATOYHO AJIsl 0OBbSICHEHUS! Ouosiorudyeckoi 3dexTuBHO-
CTH c1a0bIX HU3K0YacTOTHBIX MIT Ha OCHOBE MOJIEKYJISIPHBIX
MexaHu3MoB. B mocrniegnee Bpems B paborax [39—42] oOHa-
PYXEHO, YTO MarHUTHBbIE HAHOYACTHUIBI B IIUTOCKEJIETE MO-
YT HAXOJWUTBCS B YCIIOBUSX CTOXaCTHYECKOTO PE30OHAHCA.
DTH MOJEIU NEePCIEKTUBHBI JJIsi OOBICHEHUS] OMOJIOTHYEC-
KO aKTUBHOCTH MEJUJIEHHBIX BapHaluii FeOMarHUTHOTO IO-
JIsl, KMAarHATHOTO BaKyymay, OMOJIOTHYECKOW OPUEHTALIUH B
MIIL.

Pe3onaHcHBI xapakTep Onosormueckux dppekroB IMIIT
Habmogaercs kak B HU, tak u B PU muanasone. Iasa 00b-
scHeHUs! 3TuX 3((HEeKTOB pacCMATPUBAIU HECKOJBKO BO3-
MOJHBIX MEXaHU3MOB, BKJIIOYasi U3MEHEeHHEe KoH(popManuu
OCJIKOB BCJICJICTBUE MHIyIUpOoBaHHOrO OMII u3MeHeHUs
CTETeH! TUAPATAIIUN HEKOTOPBIX MOJIEKYT [43].

HexoTtopsle MaranToounosornueckre d3pPeKTbl MOIYIIH-
poBaHHOTO 1O BesmyrHe MIT 0OHApYXRHMBAIOT MOJIOCHI 3()-
(bEeKTUBHOCTH B 3aBUCUMOCTSIX OT YACTOTBI ¥ aMIUIUTYbI Ha-
npspbkeHHocTd MIT. CnekTpsbl 3aBucumocteit MBO ot napa-
metpoB MIT BecbMa HHGOPMATUBHEBI C TOUKU 3PEHHSI BBISIB-
JICHHsI TIEPBUYHBIX MEXaHM3MOB MarHuTopenenmn. s
OOBSICHEHUS CIIEKTPOB MCIOJIL30BAIM MEXaHU3MBI peodpa-
3oBaHusl curHajia MIT Ha ypoBHE MUKPOCKOTIMYECKOMN JMHA-
MHKH, a TAKXXe KJIACCHYECKUE ¥ KBAHTOBBIE MO/IENIU ITpoLecca
CBSI3BIBAHMSI HEKOTOPBIX MOHOB Oenikamu [44, 45]. buosoru-
yeckass AKTUBHOCTD OeJIka 3aBUCHT OT HAJIMYHSI COOTBETCT-
BYIOIIIETO MOHA B CBSI3AHHOM cocTostHuH. B [46] mpenrmoia-
raetcsi, 4To DMII MOXeT MEHSITh KOHCTAHTY CBSI3U (TaK Ha-
3pIBa€Masi KaJbMOJIyJIMHOBasl runote3a). B [45] Obl10 BBI-
SIBJIEHO CXOJICTBO AMIUIUTYIHBIX CIIEKTPOB HEKOTOPLIX MBD
C aHAJIOTUYHBIMU AMIUIATYIHBIMH 3aBUCUMOCTSIMHE B 9 dek-
Te MapaMeTPUYECKOTO PE30HAHCA B ATOMHOM CIIEKTPOCKOTIHI
[47], w3ydaromeld XapaKTepUCTHKH KBAHTOBBIX IMEPEXOJIOB.
DTa MoJesb, Ha3BaHHAS «IapaMETPUYECKUM PE30HAHCOM
HMOHOB», BbI3BaJIa MOSBJICHUE Psifa MyOJIMKanuid, KOTOPLIE,
OJHAKO, IPUYMH YKA3aHHOTO CXOJICTBA HE MPOSICHUIIH.

W3BecTHOE B QU3MKe siBJieHHME MHTEP(EPECHIIMU KBAHTO-
BBIX COCTOSIHHI TpUBJIeYeHO B [29] 17151 0ObsICHEHHS Pr3mye-
CKO#l PUPOJIbI MATHUTOPEIIEHINU. BapbupyeMoe 1o BeJH-
qyHe, He 110 HanpasyieHuto, MI1 MeHseT juib (a3bl BOJIHO-
BbIX (DYHKIIUH 3apsDKEHHOW YacTuiel. IMeHHO uHTepdepeH-
Ul CBSI3bIBAET M3MEHEHHs! (a3 BOJHOBBIX (pyHKIMH c Ha-
OJIF0IaeMBbIMU  BEJIMUMHAMH. B aTOMHOW CHEKTPOCKOTINU
rHTepdEepeHIHS KBAHTOBBIX COCTOSHUIA CBSI3aHA C KOTEPEHT-
HBIMHU KBAaHTOBBIMH TIEPEXOIaAMHU B ATOME, HO HE C BHYTpEH-
HEW CTPYKTYpOW BOJIHOBBIX ()YHKIIMU 3JIEKTPOHOB. B TO xke
BpeMsi UMEHHO TIOCTIeIHSs onpeaesisieT aGdekT uaTepdepeH-
UM HOHOB B WICAJM3UPOBAHHOU IOJIOCTH B II€PEMEHHOM
MII B OTCYTCTBUE KBAHTOBBIX IIEPEXOJIOB.

B pabore [48] Habiro1amm 61OJIOrHUecKOe AeUCTBHE YCT-
poiicTBa, 06eCneYnBAarOIIEr0 3aMKHYThIi MATHUTHBIN MTOTOK
3HAYUTENIbHOU BenuuHbl, mpuyeM MII, HanpskeHHOCTD KO-
TOPOTO paBHA MO BEJIMYMHE HATPSHKEHHOCTH TOJIsI PACCESTHIS
JTAHHOT O YCTPOUCTBA, 3 (PEeKTOB He BBI3BIBAIO. ABTOPBI 000-

CHOBBIBAIOT BO3MOXHYIO POJIb BEKTOPHOTO MOTEHIMAA
OMII npu Bo3aeiictBur DMII Ha paszimuuHbie 00beKTHI. [To-
JIyYEHHBIE IKCIICPUMEHTAJIbHBIC PE3YJIbTAThl O0BSICHEHBI KaK
Makpockonuieckuit 3h(exT mosst BEKTOPHOTO MOTEHIMAIA.

MHormue aBTOpBI CBSI3BIBAIOT OMOJIOTHUYECKOE JEHCTBHUE
MII ¢ u3meHeHneM COCTOSIHUSI BOJbI, KOTOPOE MPOUCXOIUT
BCJIEJICTBHE BO3ACICTBUS HAa Hee BHEIIHUX IOJIEH U Jajee
BJIMSIET HA OMOJIOTUYECKHE MPOIECChI, BBI3BAHHBIC YYACTHEM
BOJIbI B pa3HOOOpa3HBIX MeTaboJimueckux peakmusx. Ha ce-
TOIHS HE SICHO, HA YTO MMEHHO B BOJIE MOXET BO3JCHCTBO-
Batb MII. Ha ocHOBaHMM UCCIieIOBAaHUS HU3KOYACTOTHBIX
CIIEKTPOB 3JICKTPOIPOBOTHOCTH BOJIbI 0OCYK/IAJUCH YCTOM-
YHBBIE BOJIHO-MOJIEKYJISIPHBIE aCCONUATHI, 00J1a A 0IINE CBOM-
CTBOM MaMSTH HA JIEKTPOMArHuTHOe Bo3aencTaue [49]. V-
TOWYMBBIE CTPYKTYPHBIE U3MEHEHUSI BOJbLI HAOIIONAINCH B
[50] o ciekTpam JIFOMUHECTIEHITMH; UX OO BSICHSIIA HAJIMIUEM
B BOJIE JIEPEKTOB PA3HOTO THIA C XapAKTEPHBIMU IIEHTPAMU
W3JIyYCHUS.

B mocienHee Bpems moJiyyaeT pa3BUTHE MOJEJb, B KO-
TOPOW BOJIA Mpe/ICTaBJIcHA KaK «BSI3aHAs CTPYKTYpa U3 JIH-
HEHHBIX MOJIEKYJISIPHBIX aCCOIMATOB, MJIM JICHT, COCTABIICH-
HBIX U3 TpUMEPHO 20 OPUSHTUPOBAHHBIX MOJIEKYJI BOBI [51].
CocTosiHMe TaKOW CUCTEMBI OMUCHIBAIOT B paMKax Bpalla-
TEJIbHBIX COJIMTOHHBIX BO30YXKIACHUN, PACIPOCTPAHSIFOIINX-
¢Sl BIOJIb JICHT U B3aMMOJACUCTBYIOIIMX C BO30YKICHUSIMH HA
COCeIHUX JIeHTax u ¢ BHemIHUM DMIT.

OOmenpru3HaHHasI TOYKA 3PEHUS HA TIPUPOY HOCHTEJIEH
NaMsTH B BOJIe M Ha WX B3aumojeiicreue ¢ OMII moka ot-
CyTCTBYET.

DJIeMEHTApHBIMU MUIIICHSIMHU B BOJIHON MaTpHIlE SIBJIsA-
FOTCsI, CKOpee BCEro, MarHUTHbIE MOMEHTBI IIPOTOHOB B CO-
CTaBe BOJIOPOAHBIX CBsi3ei. OTHOBPEMEHHOE COTJIACOBAHHOE
BO3/ICCTBME HA MAarHUTHbIE MOMEHTHI, & 3HAYUT, U HA CIH-
HOBBIE COCTOSIHUS TIPOTOHOB, MOXET TOBJIMSTh HA peajin3a-
MO TIPABUJI 3aTPETa 1O CIIUHY B EPECTPONKAX BOAOPOIHBIX
CBSI3el M TE€M CaMbIM — HAa COCTOSIHHE KOH(OPMAIIMOHHOU
oBMXHOCTH OenkoB [1, 16, 52].

PaccmoTpuM noapoOHee MexaHU3MbI, HANO0JIee, KaK Mbl
noJjiaraeM, epcreKTUBHbBIE /711 00BSICHEHUSI MATHUTOOMOJI0-
TUYECKUX SIBJICHUM.

3. ,}_Il/lHaMl/lKa MAarHMToCoM B LIIMTOCKeEJIETE

3.1. CroxacTu4yeckuii pe30HAHC MarHUTOCOM

JIBr>keHNe 3HAYUTEILHOR YaCTH MAarHUTOCOM, IPUKpe-
TJICHHBIX K KJIETOYHOH MeMOpaHe HUTSIMU IIUTOCKEJIETa, OCY-
LIECTBJISIETCS. B ABYSIMHOM 3G (GEeKTHBHOM MoTeHnuame. JIBa
nim 0oJiee MOJIOKEHUN yCTOWYMBOTO pPaBHOBECHSI 00YCIIO-
BJICHBI KOHKYPHUPYIOIIUM JIEHCTBHEM MEXaHUYECKUX M Mar-
HUTHBIX CUJI.

[TokaxkeM, 4TO B IEpEMEHHBIX MATHUTHBIX MOJISIX C AMII-
matynoit 5 — 10 mxTn Ha done moctossHHOr0o MIIT BO3HE-
KaroT PeryJisipHbIe MOBOPOTHI YACTHII HA YroJ 0KoJyio 1 pan
(a me 0.14 panm, xax B ciayyae CBOOOJHBIX BpAICHUM), YTO
CYILIECTBEHHO 00JIer4aeT MHTEPIPETAIIMIO MATHUTOOUOJIOT -
yeckux 3pdexkToB. Takol pexkrM CyIIECTBYET B OIPAHUYCH-
HOM € 00€UX CTOPOH auana3one nocrossuaoro MIT nmopsiika
T€OMaTrHUTHOTO.

Hcnonb3yem ypaBHenue JlaHxeBeHa 115 BpalaTeIbHbIX
KOJIEOAHUH YACTHUIBI B IJIOCKOCTH, OOpa30BAHHON OPTOM n
OCH X, C KOTOPBIM COBIAIa€T BEKTOP MarHUTHOI'O MOMEHTA
MarHuToCcoMbl B oTcyTcTBUEe MIT (paBHOBECHOE MOJIOKEHUE,
¢ = 0), u BekTopoM HanpspxkenHoct H MIT (puc.1):
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n X

Puc.1. B3aumuoe PacnoJIOKEHUE BEKTOPOB MAarHUTHOI'O I10JIs1 © MarHUT-
HOIro MOMEHTA MarauTOCOMBI.

wy = (k/1)'?,

TA€ ¢ — YroJl MOBOPOTa YacTULBL, / — MOMEHT MHEPLUH Ya-
CTHIIBI; Y — K03 unmeHT 3aTyxanus; k — koapdunueHT me-
XaHWYECKOW YMPYTOCTH, MPOSBISIOMIMUICS MPH U3TUOE HU-
Teit mutockenera; /(1) — CiydaiHbIil MEXaHMYECKUI MOMEHT
¢ koppessronHo# Gynkumeit (E'()E'(t + Ar)) = 2y T 3(A1);
) — 4aCTOTa COOCTBEHHBIX KOJIEOAHUIL; yrol ¢, 3a1aeT Ha-
npasyienue MIT.

HHTepecHa TMHAMHKA MAarHATOCOM, OPHEHTUPOBAHHBIX
MPEUMYIIECTBEHHO MMPOTUB HATIPaBJIeHHS MOCTOsTHHOTO MIT
(g = m). [loTeHnmaIbHAS] SHEPTHSI MATHUTOCOMSBI TIPH d =
k/uH < 1 (a — napaMeTp YOpyrocTu CBSI3U) MMeEET ABa yC-
TONYUBBIX MOJIOKEHUS paBHOBeCUs (¢, ) ¥ OJTHO HEYCTOWYHU-
Boe (¢ = 0).

BceiteacTBre TEMIOBBIX BO3MYIIEHUH IEPEXO/IbI U3 SIMBI B
SIMY BO3HHKAIOT JIaXke TOTIIa, Koraa HeT nepemennoro MIT.
ITpu 5TOM TPOUCXOMST CIyYaifHbIe MOBOPOTHI YaCTHIIBI HA
3HAYUTEJbHBIN yroJ. PerynsipHasi BHEIIHSS CHJIa, B HAIIEM
ciyuae — nepemenHoe MII, BHOCHT ynopsiqo4eHHOCTh B Ta-
KHe TIEPEeXO[bl, TPUYEM BEIMYMHA JTOHM YIOPSIOYCHHOCTH
JIOCTHTaeT MaKCUMyMa IPU ONPEICICHHOM ONTHMAalIbHOM
YpOBHE IIyMa. B 3TOM COCTOUT M3BECTHOE SIBJICHUE TaK Ha-
3BIBAEMOT'0 CTOXACTHYECKOTO pe3oHaHca. [Ipu Hamnuum me-
peMenHo#t kommnoHeHThl MIT /sin (Qf) ypaBHEHHE TPHUBO-
JIUTCS K BUAY, CTAHIAPTHOMY [JI1 TEOPUH CTOXACTHYECKOTO
pe3oHaHca:

¢+a(ﬂU((Pvf) = \/56(1’), 1)

U(p,t) = cosp + g(pz — @h' sin(pBr).

3n1ech &(T) — HEHTPUPOBAHHBIM raycCOB MPOIECC C SAMHUIHON
mucnepeueii; h' = h/H; D = 2iT/uH;t = pHt/y; f = yQ/uH.

IIpu Bo3peiictBur MII Ha MeXBbSIMHBIE TIEPEXOIbI Mar-
HUTOCOMBI JIsl YIJIa IOBOPOTA () MOXXHO TOJIYYUTh BBIpA-
JKEHMe JIJIs1 OTHOIIEHUS curHa/rym [40]:

_6V2h'2(1 —a)’ exp {73(1 - a)z}.

Rsn ~ D 2 D

Haiinem mpenenbHyr0 4yBCTBUTEIBHOCTH paccMaTpUBae-
MOTO JieTekTopa ciaboro MII, OCHOBAaHHOTO Ha JIMHAMUKE
MAarHiTOCOM, U3 YpaBHEHHUS Ry, = 1, KOTOpoe ompenesseT
HESIBHYIO 3aBUCHMOCTH aMIUaTy el MIT 4’ ot mapamerpa
ynpyroctu. I'paduxu 3Toi 3aBUCUMOCTH JJI1 MAarHUTOCOM
pa3HBIX pa3MepoB MpUBEJAEHBI Ha puc.2. BunHo, yTo umeeTcst
3HAYUTEIbHBI HHTEPBAJ MapaMeTpa ynpyrocta a = k/uH,
B koTopoM npu MII mayiolf HanmpsHKEHHOCTH OTHOIICHHE
CUTHAJI/IIYM PaBHO eAMHMIE. DTaJIOHHAS MAarHUTOCOMaA pa-
nuycoM 100 HM, 3aKperIeHHas! B IIUTOCKEJIETE C YIIPYTOCThIO
k =1(0.7—0.9)uH, coepmiaet B nepeMeHHoM MIT ¢ amrmuim-
tyaoit 10 — 13 MxTu u B reoMarauTHoM toJie (46 MxTo) pe-
TYJSIpHBIE TOBOPOTHI HA T€ K€ YIJIBI, YTO ¥ IPU XaOTHYECKUX
noBopoTax (okojo 2 pax). [lpu peryiasipHbIx moBOpoTax Ha

h'(a,D)
(oTH. en.)
1000
100

10

0.1

Puc.2. TIpenenpHast 4yBCTBUTEILHOCT MAarHUTOCOM Pa3HbIX PA3MEPOB K
nepemennomy MII. ¥Vposens 10 MxToa paccuntan mist H = He,.

TaK{e YIJIbI CBSI3b BPAILECHUS MAarHUTOCOM C OMOXHMMYEC-
KHMH [IPOIecCaMM CTAHOBUTCSI 0COOeHHO HaTIsiiHOU. MiMeeT
MecTo «okHO» 3 dexTrBHOCTH TO TMOcTosiHHOMY MIT. C
ymeHbliearneM MIT moTeHman cTaHOBUTCS OHOSIMHBIM, a
C POCTOM TMOJISl YBEJIMUMBAETCS] MOTEHIMAJIbHBIA Oapbep U
MAarHuTOCOMa OCTAETCS B OJTHOM U3 SIM, YTO TAK)KEe UCKJIIOYa-
€T MPOSIBJICHNE CTOXACTHYECKOTO PE3OHAHCA.

TakuMm 00pa3oM, CTOXaCTHYECKUH PE3OHAHC MArHUTO-
COM J1a€T BO3MOXHOCTh OOBSICHUTH OMOJIOTMYECKOE JIEHCT-
BHE OTHOCHUTEJILHO cJIabbIx HU3KO4YacTOTHBIX MII Ha ¢one
noctosiHHOro MII, cpaBHUMOI'0O ¢ T€OMArHUTHBIM NOJIEM.

3.2. /IlunaMuka MarHUTOCOM IIPH BapHaMsX
TeOMAarHHTHOTO MOJISI

XaoTruueckue MOBOPOTHI HA OOJIBIIION YTOJI UMEIOT MECTO
JUIS YaCTH MarHUTOCOM M B OTCYTCTBHUeE mepemenHoro MIT.
Eciy MarHUTOCOMBI OKa3bIBAIOT HEKOTOPOE YCPEIHEHHOE
BIIMSIHUE HA OMOXUMUYECKYIO PEAKIHUIO, TO €€ CKOPOCTh YyB-
CTBUTEJbHA K YCIOBHSM «MAarHUTHOTO Bakyyma» h < H
<K Hgeo. Bosiee Toro, peaximus 4yBCTBUTEIbHA M K MaJIbIM
BapuaIysM MOoCcTOSTHHOTO MIT, MOCKOJIBKY BEPOSITHOCTD Tie-
pexonoB W u3 sIMBI B SIMY 9KCIIOHGHIMAJIBHO 3aBUCHUT OT
BBICOTHI Oapbepa Uy. B [38] 3Ta BeposITHOCTHL ompejesicHa
clieIyroimumM o0pa3om:

W =—[|U"(0)|U"(¢.)]"* exp(~2Uy/D),

1
2n
rae U” — xpuBU3HA NMOTEHIMAJA B TOYKaX paBHOBecHs. Bce
BEJIMUUHBI 3/IeCh — 3TO (DYHKIMM TapaMeTpa YIPYrocTH d =
k/uH, a ciepoBatenbHo, u H. OTHOCHTEJIbHASI BEJIMYMHA
W3MEHEHWI BEPOSITHOCTH IPH MaJIBIX BapHUAIUSIX HATIPSDKEH-
HOCTH mocTostHHOr0 MIT omnpenenseT 4yBCTBUTEILHOCTD S
3TO BEpOSITHOCTH K BapuanusM HanpsikeHHocTd MIT:

1 dw

ST W A )

Ha pwuc.3 nmpeacrasiieHbl pe3yjbTaThl pacueTa S 1l He-
CKOJIbKUX 3HAYCHWI YIPYTOCTH CBSI3M MEXIY CpeJHEH mar-
HUTOCOMOI U IIUTOCKeNeTOM. B 1OBOJIbHO IMpOKOM nana-
30HE YIPYrocTedl 4yBCTBUTEJIBLHOCTh OTHOCHUTEILHON BEpO-
ATHOCTH K BapHalusM HanpsokeHHoctd MIT Bommsu Hi,
paBHa 10 — 20, T.e. U3MEHEHNST HATPSKEHHOCTU T€OMAaTHT-
HOTO TOJis Ha 1 % BBI3BIBAIOT U3MEHEHUSI BEPOSITHOCTH TIe-
pexona Ha 10 % —20 %. OTcrona ciefyeT npeaes oOHaApYKH-
MbIX Bapuanuii nocroannoro MII, pasubiii ~0.005H g, nan
200 HTn. PaboTta B TakoM pexume, BOOOIIe TOBOPS, HE UC-
KJIFOYAET BO3MOXKHOCTh PEAKIUH OMOJIOTHYECKOUW CHCTEMBI,



O ¢dusnueckoit npupojie MarHuTOOMOI0rYecKuX 3HPekToB

S (oTH. en.)
30

20

10

0 1
0.8 1.0 1.2

1.4 H/Hg,

Puc.3. UyBCTBUTEIBHOCTD S BEPOSITHOCTH MEPEX0JIOB K BApUALUSM Ha-
npsokennoctd MIT npu k/(uHeo) = 0.8 (1), 0.7 (2), 0.6 (3) 1 0.5 (4).

coJiepKallieii MarHUTOCOMBI, Ha Me/IJICHHbIe TeOMATrHUTHBIC
Gbayxryanmu.

Taxum 00pa3oM, UMeeTCsi CBOeOOpa3HbI YCHIINTEIbHBIN
MexaHu3M: MejieHHble (1 %-Hble) Bapuanuu reoMarHUT-
HOro ToJIst (YPOBHS TEOMATHUTHBIX Oyph, 100 — 200 uTn)
W3MEHSIIOT Cpe/THEee BpeMsl PeObIBAHUS YACTHUIL B PA3HBIX CO-
crostausax Ha 10 % —20 %, 4TO BJIeUeT TaKHE KE U3MEHEHUS B
JokasibHOM cpenHeM MIT okosio marauTocoM. Tak kak Jio-
KaJIbHOE TO0JIe BOJM3U MarHUTOCOMBI COCTABJISET JECSITKU
MUJUIATECIA, TO «KOA(QQPUIMEHT YCHJICHUS» HOCTHTAET T0-
psaxa 104,

3.3. UyBcTBHTEJBHOCTH K BapHausaM Hanpassennss MII

MHTEHCUBHOCTD MEPEXO0B U BEPOSITHOCTH MPEOBIBAHMS
MAarHATOCOMBI B PAa3JIMYHBIX COCTOSIHUSIX 3aBUCST HE TOJIBKO
oT BesmurHbI MIT, HO ¥ OT ero HampaBJIeHUs 10 OTHOILICHUIO
K HANPAaBJICHUIO YCPETHEHHOW OPUEHTAIIMN MATHUTOCOMBI.
Bo3moxHO, naHHBIN 3GGEKT OOBSICHIET CIOCOOHOCTbH MH-
TPUPYIOIIMX KUBOTHBIX K 0E30IIMOOYHON OPHEHTAIMHA BO
BpeMs JUIMTEIbHBIX HNEPEMEILEHUNA B OTCYTCTBHE BHU3YaJlb-
HBIX OpUEHTUPOB. MI3BECTHO MHOXKECTBO TMIIOTE3, HO HAAEK-
HOT'O OOBSICHEHHUSI 3TOMY SIBJICHHIO TIOKa HeT. Ero oObsicHe-
HUE pennio Obl 4acTh MPOOJIeMBbI OHOJIOTHUECKON A dek-
THBHOCTH c1a0bIx, MeHee 1 I'c, MIT.

CHoBa paccMaTpUBaeM MarHUTOCOMBI, OPHEHTUPOBAH-
HbIEe IPEUMYILECTBEHHO NMPOTUB HAIIPABJIEHUS IOCTOSIHHOTO
MII, n monaraem gasnee, 4To ¢, = T — # (cM. puc.1); n —yro,
Ha KoTOpbIit MII OTKIIOHSIETCSI OT HEKOTOPOTO OTIOPHOTO HA-
TPABJICHUS, 321aBAEMOTO CBSI3SIMH, 3aKPEILISIFOIIUMH Mar-
HHATOCOMY B CPEJIHEM MOJIOXEHUH 110 OTHOIICHUIO, HAIIPH-
MED, K uepeny )KuBOTHOT 0. B crucreme koopanHAaT, CBSI3aHHOU
C T€OMAarHUTHBIM TOJIEM, /] — YTOJI OTKJIOHEHUS! OPUEHTAIIMN
JKHBOTHOTO OT «HMACAJBHOW», CBA3AHHOM C CHUJIOBBIMU JIU-
arsivu MI1.

VpaBHEHUE JBVXEHUS B MPUOJVDKEHUN HEOOJIBIINX YT-
JioB 1 mpuBoautcs Kk Buay (1) ¢ morennmanom U = cos ¢+
gq)z — nsin @. VI3MeHeHne MarHMTHOTO MOJISl, TPOMOPIUO-
HaJIbHOE 7, BBI3BIBAET M3MeHeHue noteHnuana dU. IToren-
[MaJ nepecTaeT ObITh CAMMETPHYHBIM. OTHOIIIEHHE BEPOSIT-
HOCTeH IpeObIBAHNST MATHUTOCOMBI B COCTOSIHUSIX (0 €CTh

p-/p+ = exp(28U/D). 2)

OTcroa MOXHO HAWTU OTHOIIECHUE CHUTHAJ/IIyM: Ry, =
2U0,/D, toe Uy =38U/2 =nl6(1 — a)]l/2 — M3MEHEHHUE YPOB-
HSI TIOTCHIIMAJIA B OJHOU M3 ssM. MUHHMAJIBHO OOHAPYXKH-

MBI{ YTOJl OTKJIOHEHUSI OT OMOPHOTO Kypca 1], ONpeess-
eTcsl ypaBHeHHEM Ry, = 1.
W3 3TOT0 ypaBHEHHS CIEAYET, UTO

D

2[6(1 —a)]'/*

BunHo, 4TO HamboJbINAS YyBCTBUTEIBHOCTh K BapHALUSIM
nanpasyieanst MIT umeeT MeCTO MpH MaJjbIX 3HAYCHUSX d,
T.€. Ipu OOJIBIION MAarHUTHOM kecTkocTH. OHAKO POU3-
BOJILHO MaJible 3HAUYCHUS ¢ HE UMEIOT (PU3MUYECKOTO COJep-
KaHUSL.

CooTHottenue (2), a ciie10BaTeIbHO, 1 (3) cripaBe/IJIUBbI
ISl PABHOBECHOT O PACIIPE/ICIICHUsI BEPOSITHOCTEH, T. €. H3Me-
HEHHE TOTEHIMAIA JOJDKHO MPOUCXOANTH MeJJIeHHee, YeM
YCTAHOBJICHHE CTATHCTHIECKOTO PABHOBECHSI, MM peJlakca-
1Hsi. 31eChb MOXHO BBIICJIMTH PEJTAKCAINIO BHYTPU KaXION
U3 5IM C BPEMEHEM 7| ¥ MEXIY sIMaMU C BpeMeHeM 7. Jliis
MaJlbIX 3HAYEHHI ¢, KOr[a BBICOK MOTEHIHUAIBHBIA Oapbep,
BPEMSsI PEJIAKCALIMH OIPEICIISICTCSI OONBIINM K3 IBYX BPEMEH,
T.€., TJIABHBIM 00pa3oM, MepexoaMu Mexay sMaMh. Xa-
PaKTEPHBIM BPEMEHEM 3/I1ECh SIBIISIETCS] BpeMsI TIEPBOTO TIepe-
ceueHus Oapbepa [53]

= [U”(O)Ilz/’?’(iw)]l/z op <2%> =T ﬂaepr(l b 0)2}

PaBHOBecHOE pacmpejefieHUe peau3yeTcs NMPU YCIOBUU
Tor = WHtor [y > 12, THE T,y — XapakTepHOE Bpemsi (6e3pas-
MepHoOe, B eauHunax y/pH) peopUeHTAIlMH KUBOTHOTO,
NepUOJI «PBICKaHUS» OKOJIO OMOPHOro Kypca. B mpenmosto-
JEHHUH lo > 1 ¢ U ¢ yueToM omeHku y ~ 4mvr’ ~ 20 x 10717
apr-c (s kodddunuenTa 3aTyxaHusl BpallleHU! MarHUTO-
coMBI pagmycoM 107> cM B KHUIKOCTHU C BA3KOCTBIO V ~ 1072
r/cMm-c (Boja)) NaHHOE YCJIOBHE BBINOJIHSETCS pH a > 0.65.
IMoatomy u3 (3) BUIHO, YTO MOTPEIIHOCTb OTKJIOHEHHS OT
Kypca coctaisieT okouto 0.03 pan, nam 1.7°.

(©)

Nmin =

3.4. ®akTop TemnepaTypbl U 3pPeKT MArHUTHOrO IIyMa

IIpu3HaKOM CTOXAaCTHYECKOTO PE30HAHCA SIBJISIETCS Ha-
JIMYre OCOOCHHOTO HMHTEpBasa, B KOTOPOM Ry, Hapaok-
caJIbHO PACTET C yBeJIMYCHUEM TeMrepatypbl. OHAKO H3Me-
HEHUSI TEMIIEPATYPBI, CIOCOOHBIC 3aMETHO MOBJIUSATH HA Be-
JMuuHy G QeKkTa, HAMHOTO MPEBBIIIAIOT JOMYCTUMBIN WH-
TepBajl (U3MOJIOTHUECKUX TeMrepaTyp. [1oaToMy HeBO3MO-
’KHO WCIIOJIb30BATh TEMIIEPATYPHBIC 3ABUCHMOCTH JIJIs1 BEpH-
(¢uKanuy pexMMa CTOXAaCTHYECKOTO pPe30HaHCa MATrHUTO-
coMm. Mexay TeM, MOITBEPKICHUE CYIECTBOBAHUS TAKOTO
MUHAMHYECKOTO PEKXMMa MATHHTOCOM OYeHb BAXKHO: OHO
OJHOBPEMEHHO OBLIO OBbI M TOJTBEPKICHAEM YYaCTHS Mar-
HUTHBIX HAHOYACTHI] B MATHATOPETICIIIINY.

PaccmoTpuM 3¢ dexT qonotHuTeIbHOTO 11yMmoBoro MIT
BennunHO# ((f), xosutmHeapHoro nepemenHomy MII A, ¢
koppensTopom (((N(t + At)) = (*8(A1)/w, rae { — cpenne-
KBaIpaTUYHAS AMILTUTYIa MATHUTHOTO IIyMa; () — BEPXHSsS
IrpaHMIa YACTOTHI €r0 CHeKTpa (MacaTu3NPOBAHHBIA OCITbIH
mrym). CooTBeTCTBYIOLIEE YpaBHEHNE JIaHKeBeHa MeeT BU/T

7¢ — pHsin @ 4 ko — phsin(Qr)
= &)+ pl(r) = E7(x).

Borunciienne koppenstopa anst &”(f) mokaspiBaer, 4To B
npucyTcTBHE MaruuTHOro myma T’ = T+ u2(?/Qkyw)
umeeT cMbICT 3 HeKTUBHOM TeMmepaTyphl cpebl. Bemmuu-
Ha ee MOXET PeryJIMpOoBaTLCS YPOBHEM MAarHUTHOTO IIyMa
7 4acToToi . JIJs 3TaJOHHOW MAarHUTOCOMBI PaiycoM
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107> cM yaBoenue 3(eKTUBHOI TeMIepaTyphl JOCTUTaeTCs
B IIYMOBOM MarHuTHoMm moiie ¢ { ~ 1 — 2 mxTi. D10 03-
HAYAeT, YTO B IPUCYTCTBUH IITyMa OTHOCUTEIHLHO MaJION Be-
JINYAHBI MATHATOCOMBI BeAyT ceOsl Tak, KaK eciii Obl OHU
HaXOJIUJIHNCh B YCJIOBHUSIX 3HAYUTEIHLHO TMOBBIIIEHHON TEMIIe-
patypsl [54]. DTO y100HO UCTIOJIB30BATH B 9KCIIEPUMEHTE.

4. Vinutepdepenuust yrjioBbIX MOJIEKYJISIPHbIX
COCTOSIHHH

WNHuTepdepenius, niM B3aUMHOE YCUJICHHE M TallleHHUE
BOJIH, SIBJISIETCSI OOIIMM CBOMCTBOM BOJIHOBBIX CHCTEM pa3-
HOU MPUPOJBL: YIPYTUX, JIEKTPOMATHUTHBIX U JIP., JJIs KO-
TOPBIX CHPABEIJIUB MPUHIUN cyrepro3uiun. COoryiacHo T'H-
mote3e Ae bpoiinst 00 yHWBEpCaJbHOCTH KOPITYCKYJISIPHO-
BOJIHOBOT'O JTyaJIN3Ma, BOJIHOBBIC CBOWCTBA TPOSIBJISIFOT JIFO-
Oble yacTuilbl MaTepuu. I1pu 3TOM COOTBETCTBYIOIIAS Yac-
THIIE C UMITYJILCOM p XapaKTepHas [JIMHA BOJIHBI €CThb Ag =
2nfi/p. Kputepuii Habmro1aeMocTd HHTEP(EPEHIUEI COCTOUT
B TOM, 4TOOBI JAJIMHA BOJHBI Ae¢ bpoiins Oblia cpaBHEMA C
MacImTaboM CHCTEMBI HAOJIIOAEHUSI. DTO OTpAaHUYCHUE HE
MO3BOJISIET HAOJFOAATh HHTEP(PEPEHIIMIO MAKPOCKOMTUYECKUX
4acTHIl. B TO ke BpeMs XOpOIIIO M3BECTHA WHTEPQEepEHIUs
3JIEKTPOHOB, UHTEP(EPEHITHUS YYKOB ATOMOB U JaXe MOJIe-
KyJI, HO HE UX CBSI3aHHBIX cocTosiHMiA. Huke paccMoTpeHa
rHTep(EpEHINST KBAHTOBBIX COCTOSIHUHM YTJIOBBIX MOJI CBSI-
3aHHBIX HOHOB M MOJICKYJ1. PaHee Takasi MHTephepeHIns He
paccMaTpuBanach.

4.1. ntepdepennusi cBA3aHHBIX HOHOB

[IycTh yacTuma 3akiroueHa B HEMPOHUIaeMyro chepy ¢
OTBEpPCTUEM, HA KOTOPOM IMOTEHIMAJ YaCTHIIbI CHUKEH 10
KakoW-1m00 KOHEeYHO# BeJnumHBbI. YacTuia mpeojoseBaeT
MOTEHIMAJIBLHBIN Oapbep 3a cYeT TYHHeJUpOBaHUs. Tak Kak
BEPOSITHOCTh TYHHEJILHOTO TIEPEX0/1a 3aBUCUT OT IJIOTHOCTH
BEPOSITHOCTH TPEOBIBAHUS YACTHUIIBI BOJU3U «IBIPKH», TO
BEPOSITHOCTH pacmaja CBA3AHHOTO COCTOSIHUS OIpeaessieT-
cs KOH(pUTrypanuei mioTHOCTH BOJHOBOUM (PyHKIIUM BHYTpHU
nojoctu. BozaeiicrBue MIT Ha ¢popmy «obitaka BepOSTHO-
CTW» BJHUSET HA BEPOSTHOCTH OMCCOLUMAIMH KOMILIEKCA
1OH — OestoK. JIaHHbIe MHOTUX MAarHUTOOMOJIOTMYECKUX IKC-
TIEPUMEHTOB ¥ PACUeThl B pAMKaX 3TOM MOJIESIN HaXOASTCS B
XOpOIIIEM COOTBETCTBHUHU.

Ji1s1 601bIIMHCTBA OMOJIOTNYECKH 3HAYMMBIX HOHOB JUJTH-
Ha BoJIHBI Ae bpoitns naxe npu T = 300 K Bcero B Tpu-1ecThb
pa3 MeHbllle WX MOHHBIX PAIUYyCOB M OJIM3Ka K pa3mepam
3¢ GEKTUBHOT O OTEHIINAIA CBS3BIBAIOIEH TOJOCTH. Takum
006pa3oM, Ha aTOMHOM YPOBHE JMHAMUKA HOHOB CYIIIECTBEH-
HO OTJIMYAETCS OT KJIACCHUYECKOU. JIJ1s1 OonMcaHusi HOHHBIX CO-
CTOSIHMI BHYTPHU OEJIKOBBIX MOJIOCTEN OKa3bIBAETCSl HEOOXO-
JIUMOY KBaHTOBasl MEXAHUKA.

Peakiusi cBsI3bIBaHUSI HOHOB OesikaMu, 0eJiok (..) + noH
& 0enlok (MOH), COCTOUT B CleAylolleM. belok kak Obl
3aXBATHIBAET MOH BHYTPb IOJIOCTH, 0Opa30BAHHOW JIMTaH-
namMu. B TakoM cocTosTHUM OMojIornieckasi ak TUBHOCTD OeJt-
ka n3MmeHeHa. MloH momagaet BHYTPb CBSI3BIBAIOIIIEH TOJIOCTH
4epe3 «BOPOTa» MEXIY KHCIOPOIHBIMU JIUTaHJAMHU, U IPU-
mepHo vepe3 0.1 ¢ emy ynaercs moKuHYTh noJsiocTh. [lpen-
MIOJIOKEHUE, HA KOTOPOM IIOCTpPOEHA cllenytoniass MOZAEb,
3aKJIFOYAETCS B TOM, YTO BEPOSITHOCTD BBIX0/1d HOHA 3aBUCUT
OT €ro COCTOSIHUSI B IOJIOCTH (KaJIbMOJIyJIMHOBASI TUIIOTE3a)
[46]. BcienctBue uHTEpQEPEHIIMU KBAHTOBBIX COCTOSHUUN
noHa MII BBI3BIBAaeT mepepacnpe/ieieHue HOHHOTO 00J1aKa,
YTO CKA3bIBAECTCS] HA KOHCTAHTE PABHOBECHUS PEAKINH.

CTpyKTypa HEKOTOPBIX KaJbIUNCBSA3BIBAIOIIMX OCJIKOB
XOpoIIo u3BecTHA. PazmMep 001acTH JBMKEHUSI MOHA KaJlb-
[Usl JOBOJILHO MaJl: OTCHIMAJ MOHA TPHUOJIM3UTEIHHO Ha
80 % cocTOWT U3 IEHTPATHLHO-CUMMETPUYHOTO TTOTEHIIAAIA
U(r) paanycom 0.7 A.

PaccmoTpum ABMKEeHHE MOHA B MCAU3UPOBAHHOU TO-
soctu. [lyctb g 1 M — 3apsii 1 Macca HOHA C COOCTBEHHBIM
YIJIOBBIM MOMEHTOM I, (B eAMHMIIAX /i) U SIEPHBIM MATHUT-
HBIM MOMEHTOM U,. ['amunbTOHMaH vyactunsl B MII B mo-
tennuaia U(r) M3BeCTeH:

P nbLH

H= o +U ,

rae L= —irx V — omepaTtop yrjioBOro MoMeHTa; b =
q/(2Mc¢) — mapameTp HOHA; 3[eChb M Aajiee CUUTAEM, YTO
CITUH paBEH HYJIIO.

MOXHO BBIYUCIUTH IJIOTHOCTb BEPOSITHOCTH HAXOXKJIe-
HUS MOHA BOJIM3U «BOPOT» (T.€. IPH HEKOTOPOM 3HAYCHUU
@=¢y)BMIIcH,=H,=0uH. = Hy. + Hy cos(Qf), Tne
Q —gactora MII:

. w1 .
p((f)07 1) = Zamm’ eXp {IAm |:(/)0 + oLt + §ISID(Q[):| }:

mm’

e oy = bHgy. — 1apMopoBa 4actoTta; w; = bH,..

MoxHO MoKa3aTh, 4TO B CPETHEM TI0 BpeMEHH p = const.
DTOT TPUBHAJLHBINA Pe3yIbTAT HEJIb3sI CBSI3aTh C HAO IO Mae-
MBIMHU B OTIIBITE 3aKOHOMEPHOCTSIMU. BBIXO/1 COCTOUT B TOM,
4TOOBI YUeCTb HEJIMHEHHBIH XapakTep CBSI3M IJIOTHOCTHU Be-
POSITHOCTH p(?, ¢y) C BEPOSITHOCTBIO P BBIXO/Ia HOHA U3 CBSI-
3BIBAIOIICH ITOJIOCTH PEAKIUH JIUCCOIMAIMM KOMILIeKca
noH—6eyiok. OrpaHYUMCsl YUYETOM JIMHEWHOTO W KBajapa-
TUMHOTO YJICHOB pasnoxkenust P(p) = P(p) + P, p + 3 P;’Lﬁz
+.., TAe p = p — p. YCPEIHUB 10 BPEMEHH, NOTYyUUM P =
¢1 + ¢p?, Tae ¢ 2 — KOHCTaHTBL. VIHTepec mpeAcTaBIsieT Be-
nuuuHa p2 (najee — #), KoTopasi OIpeseiseT 3aBUCUMOCTh P
ot nmapametpoB MII. [I71g omleHKN BOCIIOJIB3yeMCSI TEM, YTO
CPaBHUTEJILHO OBICTpBIE KOJICOAHUS TUIOTHOCTHU ) HE BBI3bI-
BAIOT HEJIMHEHHOT O OTKJIMKA OeJIKa, ero KoH(opMaIus He yc-
neBaeT U3MeHUThCs. [103TOMy eCTeCTBEeHHO cHavaja ycpe-
HUTH P 10 HEKOTOPOMY UHTEPBAJIy BPEMEHH / MOPSIIKA Bpe-
MEHH PearupoBaHUs, 4 3aTEM YK€ BBIYUCINUTH CPETHHUI KBaI-
paT TOJIyYeHHOU BeJMYMHBLI. AHAJM3 TMOKAa3bIBaeT, YTO B
Ge3pa3MepHbIX TepeMeHHbIX h' = H,./Hy. 1 Q' = Q/Q. =

ffe=1"

22 l
sin” 4 Amh
=3 P (S5,
771)7’11)1 (4)
A= <5Am+nf’)5.

3nech Q. = q¢Hgc/(Mc) — 1MKI0TpOHHAsS YacToTa; f = Q/2m;
Jo = Q./2m; f'— GespasmepHnas yactota; £ = 1'Q. — Oe3pas-
MEPHBIii TapamMeTp; T’ — KOHCTAHTa CKOPOCTH JUCCOIMAIIH
HOHHO-0@JIKOBOTO KOMILIeKkca; J, — OecceneBa (yHKIUS IMO-
psnka n. Ha puc.4 xopoio 3amMeTHbI HHTEp(EpeHIIMOHHbBIC
MaKCHUMYMBI TIPH ONPEACJCHHBIX YACTOTaX M aMIUIUTYyAax
MII. DT MakCUMyMBI He SBJISIFOTCSI PE30HAHCAMH, T. €. OHU
HE CONPSIKEHBbI C PE30HAHCHON MEePEKAYKON 3HEPTrUuyl OCIHII-
JIITOpa U3 OJTHUX MOJI B JIPYTHE.

Eciu Bo3my1ueHus, Bei3BanHble MIT Ha dusuko-xummye-
CKOM YPOBHE, B HEKOTOPOM CMBICJIE MaJIbl, TO 9KCTPEMAJIb-
Hasl 3aBUCHMOCTH MEPBUYHOTO OTKJIHMKA Ha MII OyneT BbI-
3BIBATh MOJOOHYIO K€ IKCTPEMABHYIO 3aBHCHMOCTH OHMO-



O ¢dusnueckoit npupojie MarHuTOOMOI0rYecKuX 3HPekToB

noruvyeckoil peakuuu Ha MII. Torga Bo3HUKAaeT BO3MOXK-
HOCTb CpaBHEHHS Pe3yJIbTATOB SKCIEPUMEHTA U MpeacKa3a-
HUI TEOPUN OTHOCHUTELHO «MATHUTHBIX YCIOBHI» TOSIBIIE-
HUS 9KCTPEMYMOB.

CorjacHO Teopur HHTep(HEPEHIIMA YTIIOBBIX HOHHBIX CO-
CTOSIHM, aMILUTUTYIHbIE clieKTpbl MB3D He 3aBUCAT OT THNA
BOBJICYCHHBIX B MAarHUTOPELENIIIO HOHOB. DTO MO3BOJISIET
CpPaBHHMBATDL JaHHBIE, MOJYYSHHBIE IS PA3HBIX OMOJIOTHYE-
CKUX CHCTEM, C OJHOU U TOH K€ TEOPETUUYECKOU 3aBUCUMO-
ctero. B mpenenax Tounoctu 10 % — 15 % 3ta 3aBUCHUMOCTH
onpenensercs GyHkuuen J 12(/1 ). Ha puc.5 nokasan pacuer-
HBI aMIUIUTYIHBIA CIEKTP U 3KCHEPUMEHTAJIbHbIC TaHHBIE
1o MB3, nojy4yeHHbIe pa3HbBIMU ABTOPaMH B pa3HbIX J1a0o0-
paTopusIX Ha pa3HbIX OMOJIOTHYECKUX CHCTEMAaX M B Pa3HBIX
«MAaTHATHBIX YCIIOBUSIX». BUIHO XOpolllee COOTBETCTBUE Te-
OpHH U IKCIICPUMEHTOB.

B [6] paccMmoTpeHbl OCOOCHHOCTHM HHTEpPHEPEHIUN B
OMII pa3Hoi KOHPUTYpAIMU U TIOKA3aHO, YTO C UMEIOIIIH-
MHCS 3KCIEpUMEHTAIBbHBIMI JAHHBIMH COTJIACYIOTCSI pac-
YeThl BEPOSITHOCTU TUCCONUANIN MOHHO-OEJIKOBBIX KOMII-
JIEKCOB B UMITYJIbCHBIX MII, B HAKJIOHHBIX TIOCTOSIHHO-TIEpE-
meHHbIX MI1, B noctossuaoM MI1 1 B MaruuTHOM Bakyyme, B
mymMoBoM MIT, B ci1aObIX 3JIEKTPUUYECKUX IOJISIX, BO Bpallla-
FOIIMXCS HOHHO-OEJIKOBBIX KOMILIEKCAX, a TAKXKe B MUKPO-
BoJtHOBBIX DMII. Teopus naTepdepeHINN YTIOBBIX HOHHBIX
COCTOSIHUH MPeJICKa3bIBACT 3aBUCHMOCTH CIIEKTPAJILHOTO TH-
na, KOTOPbIE MOXHO MPOBEPSTH IKCIIEPUMEHTAJIbHO. BMecTe
C TE€M 3Ta Teopus SIBJISIETCS HA JAHHBIM MOMEHT MOJTy(eHo-
MeHoJiornueckoit. OHa TocTpoeHa Ha uaeaju3anuu 00Jib-
IIOTO BPEMEHU KU3HU YIJIOBBIX MO, M B HEl HE paccMart-
puUBarOTCS (DU3UUECKHE POIECCHI, 0OECIIeUNBAFOIIINE COXPa-
HEHHE MPOEKIINK YrIOBOr0O MOMEHTa Ha Hampaiienne MII.
[IpaBOMepHOCTh UCIIOIH30BAHUS TEOPUH HOHHOM MHTEpde-
peHnu o0ycIoBIeHA XOPOILLINM COOBIAICHUEM PACUETHBIX U
ONBITHBIX JaHHBIX. OMHO U3 BO3MOXHBIX OOOCHOBAHMIA ee
paboTOCIIOCOOHOCTH CBSI3AHO C HMCHOJIL30BAHMEM 3aKOHOB
COXpaHEHUs B TUHAMUKE BPAIAFOIINXCS TeJL.

4.2. MosekyJsipHbIii THPOCKOII

KoHcTpyknus n3 Bpalaromerocs y3Ja ¢ 3aKperieHHbIMA
OTIIOpaMH — 3TO OAWH U3 BHIIOB THPOCKOIIA, T. €. YCTPOICTBa
JUUTSI UI3MEPEHM S YIIIOBBIX CMEIICHUH U YIJIOBBIX CKOpocTel. B
HAIIEM CJIydae pedb UAET, IO CYyTH, O TUPOCKOIE HAa MOJIEKY-
JIIPHOM YPOBHE: OTHOCHTEJBHO KPYIHAsl MOJIEKYJIsipHas
IpyIIa pacnoJioxkeHa B OEJIKOBOHM MOJIOCTH, U /1Ba €€ Kpas

2 (npouss. ej.)
2.0
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h ” | /
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,,,:,\‘,31,, 7
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./Z l'\

Huc/Hdc 8

Puc.4. O6wwii Bux nosepxuHoctu 2(h', f'), paccuntannoi no popmye
(4). TnaBublil HHTEPDHEPEHIIMOHHBIN MAKCUMYM HMeET MecTo mpu f/ =
1/2uh’=18.

MBD (oTH. en.) Ptheor (IPOU3B. €11.)

o ®Ca, Liboff etal., 1987
a “Ca, Ross, 1990
=, 5K, Garcia-Sancho et. al., 1994 qL5
v J«JCI Prato etal., 1995

Mg, 4% Ca, Lednev et al., 1996
# 'H, Lednev et al., 1996
= Binhi,1997, Teopust
« TLi,o’ =1.8, Blackman et al., 1994/5
= 'H,o =2, Trillo et al., 1996
e 'H,o =2, Blackman et al., 1999

a’Huc/Hdc

Puc.5. DxcnepumenTaibHble JanHble 10 MBD B ogqnoocHoM MIT 1 Teo-
PETHYCCKUT aMIJIATYIHBIA CHEKTp (CIUTOLIHAS KPUBAsI), PACCUNTAHHBIN
[Tt (PMKCHPOBAHHBIX MOHHO-OEJIKOBBIX KOMILIEKCOB € o' = 1, a Takxke
JUISI BPALIAFOLINXCS] KOMIUIEKCOB C o' # 1.

00pa3yroT KOBAJICHTHBIE CBSI3U (OMOPBI) CO CTEHKAMU TOJI0-
cti. BaxxHo, 4TO TemIoBbIe KOJIeOAHMS OTIOP CO3AFO0T JIUIIb
HYJIEBBIC MOMEHTBI CHJI OTHOCUTEIBHO COOCTBEHHOM OCH Bpa-
eHus Tpynbl. [103TOMy THPOCKOIIMYECKasl CTENeHb CBOOO-
JTbI HE TEPMAJIU3YETCs TEIUIOBBIMHU KOJICOAHUSIMH OTIOP, a pa-
JMAIMOHHOE 3aTyXaHHe MPEHEOPEKUMO MaJIO.

BxJjiaa B peslakcanuio co CTOPOHBI BaH-/EP-BaaIbCOBBIX
3JIEKTPOMATHUTHBIX CHJI, TOPOKIACMBIN KOJICOAHUSIME CTe-
HOK, OIIEHHBAJICS METOJIOM MOJIEKYJISIPHON AUHAMUKH. Bpe-
Msl TEPMAJIU3aNUHU PACTET IKCIIOHSHIIATIBHO C POCTOM paIu-
yca MoJIOCTH be. Pe3ybTaT IKCTpanosanuu B 001acTh 60J1b-
WX 3HAYCHUH b MO3BOJISIET 3aKIIFOUUTD, UTO NpH b, = 14 A
BpeMsi TepMaJIM3alim, a 3HAYUT, U BPEMsl PeJIaKCaI[U THPO-
CKOTIa, WJIM BPeMsi KOTEPEHTHOCTH BpAIaTeIbHON CTENeHH
¢B0OO b1, cocTaBisieT ~0.01 ¢, YTO JOCTATOYHO JJIsI IPOSIB-
JieHus1 uHTepdepeHmoHHbIX 3 dexToB [55]. Bpammaromasics
MOJICKYJIIpHAsI TPYIIa MPeACTABIICHA 3/ICh B BUJIC KECTKOM
CHCTEMBI TOYCYHBIX 3aPSDKEHHBIX MacC — ATOMOB MOJIEKYJIBI
C YaCTUYHO MOJSIPU30BAHHBIME XUMUYECKIMHU CBsi3simu. Ha-
MPUMEP, MOJIEKYJIbI aMUHOKHUCIIOT MOTJIH ObI BCTPAMBATHCS
B JIOCTATOYHO MPOCTOPHBIE OEITKOBBIE OJIOCTH, 00pa3ysi 1Be
XUMHUYECKHE CBSI3M Ha YIAAJICHHBIX KOHIIAX MOJIEKYJIbl. ['amMu-
JIbTOHAAH MOJICKYJIBI HIMECT CIICAYFOIINI BUJ:

£2
=—-o(H)L
H=5 @0k
rie
H
%c; 1= Z Mg?sin®0; Q = Z qir? sin® 0;;

I, 0 — MOMEHT HHEPIUH 1 KMOMEHT MHEPIIMHU 3aPsIIa» CUCTE-
MBI OTHOCHUTEJILHO OCH BpaIleHus; M;, g; — MacChl M 3apsiJIbl
- yactumbl, a r;, 0; — ee KOOpIUHATHI B chepudecKoit
cucteme. CoOCTBeHHbIE (PYHKIIUU HE3aBUCUMOM OT BpEMEHU
YACTH IAMIIbTOHAAHA €CTh

1
m) = ——exp(imp), m=0,=%1,
m) = —=exp(imo)

T
UX SHEPIUn
o
Em — ﬁm
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PaccmoTpuM craTuUCTHUYECKMid aHCAMOJIb THPOCKOMOB.
Haiiziem cHauaa MaTpuIly INIOTHOCTH G, , TAPOCKOTIA C HO-
MEpPOM 0, 3aTEM BEPOSTHOCTH PEaKIUN THPOCKOIIA, KOTOpast
HEJIMHENHO 3aBHUCHT OT 0, , U, HAKOHEIL, YCPE/IHAM Pe3yJib-
TaT MO aHCaMOJTFO TUPOCKOIIOB. [IpuMemM, uTo aHCaMOJIb Co-
CTOHUT U3 THUPOCKOIIOB, KOTOPHIE BO3HUKAIOT C MOCTOSIHHON
cpeaHell CKOPOCThIO B ClIy4yailHble MOMEHTHI BPEMEHU B CY-
TIEPIIO3UINN COCTOSIHU, OJIM3KUX K OCHOBHOMY. B mpezcra-
BJIEHUW COOCTBEHHBIX QyHKINH H( ypaBHEHHUE 11 MATPHIIBI

IIJIOTHOCTHU UMECECT cneﬂy}omnﬁ BUI:

. . i
Omm' = 7(F + lwmm’)o—mm’ - ﬁ § (Vi;1lalm’ - O—mlvlm/)>
li

h
21
Penaxcamus ajiemMeHTOB MaTpulbl IJIOTHOCTU YYTCHA 31€CH

yepe3 koap¢unueHThl 3atyxanusi I'. Perienue ypaBHeHUS
TaKOBO:

Omm’ = Omm' (0) Z Jn (me’)exp(_ﬁ,t)v
n

Ot = — (M* = m"™); Vs = =T ()mé .

riae
B =T +iwmm —i(m—m')w, —inQ;
_ h' _ Q QHdc
Z:(m—m')ﬁ, ,:w—g, (J)g: e .

I110THOCTE BEPOSTHOCTH OIPEAEJIEHHOIO YIJIOBOTO MOJIO-
JKEHUSI THPOCKOTIA (p, OJIATOTIPUSTHOTO JIJIsl PEAKINHN C AKTHB-
HBIM CaliTOM Ha CTEHKE MOJIOCTH,

p([) = IP*(t? (/))'{/([7(/))

= % Z T (0) exp[—i(m — m") @] exp(—=B ') n(Zyun').

mm'n

3nmeck Y(t, ) = >, Cu|m) — yriaosas 4acTb BOTHOBOI HyHK-
1 Tupockomna. CKOJb3SIIee YCPEIHEHUE YCTPAHSAET OTHO-
CHUTEJBHO OBICTPBLIE OCHMJUIAIAN TJIOTHOCTH, KOTOPBIE HE
BJMSIOT HA MEJIEHHYIO PEAKIUIO0 C aKTUBHBIM CAfTOM C
XapaKTEPHBIM BPEMEHEM T, T. €.

1 inh(B’
P = 55 3 o 0) 52
X eXP[_i(m - m/)@] exp(_ﬁ/t)Jn(Zn1n1’)~ ()

3aTeM, KaK U B MOJIeJI1 MOHHOU UHTEP(EpPEHIINH, ITOJIaraeM,
4TO BEPOSITHOCTH PEAKIIUU OOKOBOUW I'PYIIIbI BpAIIAOIICHCS
MOJIEKYJIBI C aKTUBHBIM CAaWTOM OeJika eCTh HeJMHeHHas
(yHKIUS IIOTHOCTH BepOSTHOCTH (5). B oTcyTcTBHE KaKO#
ObI TO HU OBLTO HHDOPMANIUHU 00 ITOW (HYHKITUH MbI yIATHIBA-
€M NEPBBII HENCUE3aIOIINN YJIEH — KBaaApaTU4YHbIi. [l Ha-
XOXK/ICHUS] BEPOSITHOCTH PEaKIMK BO3BOIUM (5) B KBaJpaT U
yCpeIHsieM 10 aHCAMOJIIO THPOCKOTIOB:

sz(l‘) ~ 6:—21’1S/7

rac

S'= Z ‘O'mm’(o)|2

mm'n

sinh(f't) 2

e Jn2 (me’)-

B 5TOM BBIpaxeHUH MHOXHUTENb S’ COAEPKUT 3aBUCUMOCTD
OT MarHUTHOTO TOJISL.

ITycTh THPOCKOT BO3HAKAET B MOMEHT BPEMeHH ¢ ', Tora
BEPOSITHOCTD (B €IMHUILY BPEMEHH) PEaKlUd B MOMEHT Bpe-
MEHH ¢ eCTh

u(t,t’)y = S"exp[-2r(t—1t")], t<t';

u(t,t’y=0, r<t’

IMonarast, YTO MOMEHTBI BPEMEHH ¢’ paclpee/icHbl Ha
aHcambOJie TUpockonoB B uHTepBase ( — 0, 0) ¢ oqHOpoAHOU
IUIOTHOCTBIO W, HAWIEM yCpeIHEHHYIO BEpOSITHOCTh & UH-
TErpUPOBAHKEM TI0 TTApamMeTpy ¢

0 /
S

2 = lim wJ u(t,t’)dt’:w—.
0— oo 0 2

Kunernueckoe ypaBHEHHE IJIS YUCIIA THPOCKOIIOB B €IMHUIIE
o6bema Grostormueckoit Tkann N = w — 2N maet N = w/P
= 2I'/S’ B cratmonapHoM pexnme. ITycts S u Ny 0603Ha-
Yal0T COOTBETCTBYIOLME BEJUYUHBI B OTCYTCTBUE IIEPEMEH-
Horo MII, T.e. npu A’ =0. OTHOCHTEJIILHOE U3MECHEHHE
KOHIEHTPAILUH p MPOIYKTOB PEAKIIMU MO JeHCTBUEM TIepe-
meHHoro MIT ecTh OTHOCHTENTBFHOE YHCIIO TUPOCKOTIOB, BCTY-
MUBIINX B PEAKIUIO, T. €.

p=(No—N)/No=1-5,/S". (6)

AHaM3 OKa3bIBAET, YTO HA YACTOTax psima Q' = 2m

2 0 —1
S5 i ®

¢ ToyHOCTBIO 15 % —20 %. MaxcumasbHOe 3HAUYeHUEe OTHO-
CHTEJILHOTO MarHUTHOTO 3¢ exTa cocrapisiet 8.5 %, 4To sB-
JISIETCSI CIIEICTBAEM TIPEIIOJIOKEHHS O KBAAPATHYHON 3aBH-
CHMOCTH BEPOSITHOCTH PEAKIMH OT IJIOTHOCTH BEPOSITHOCTH
p IpeOBIBAHUS TUPOCKONA B JAHHOM YIJIOBOM IIOJIOKEHHU.
OTMeTUM, YTO OOBIYHO BEPOSITHOCTh XUMHUYECKOHN peakiuu
OTpeAeIIIeTCS] HHTETPATIOM HEePEKPBITUS 3JIEKTPOHHBIX BOJI-
HOBBIX (QYHKIMI 00oMX peareHTOB. Ecnu mpuHATH, 4TO
AKTHBHBII CAHT MOJIOCTH THUPOCKOIIA JEHCTBUTEIBHO «aKTH-
BEH» ¥ CMELIAETCsI K MOJIEKYJISIPHOMY POTATOPY NPOMOPIHO-
HAJILHO p, TO BEPOSTHOCTH PEAKIUU MPONOPIUOHAJIbHA
exp(—a'/p?), rae xospdunument a’ > 0 — napameTp Mojie-
mu. B aTOM ciyyae OTHOCHUTEIBHBI MArHUTHBIA 3G GeKT
(MaxcumasbHO paBHbId yxe 100 %) 3aBUCUT Takke U OT MO-
JesibHOro mapameTpa a’. Ero BejawvuHa, OJHAKO, IPUHIHA-
MHAJIbHO HE MOXET ObITh YCTAHOBJICHA U3 CPABHEHUS C IKC-
NepUMEHTAJIBHBIME JaHHBIMU. CpaBHEHUIO OJJIEXKAT JIUIIbL
(dhopmer 3aBrucuMocTei oT mapameTpoB MII. Tlostomy a’ —
9TO «U30BITOYHBII» TapaMeTp, KOTOPHIH [e1eco00pa3Ho He
WCMOJIL30BATh B TEOPUU, UYTO U CIICJIAHO B BBIICTIPUBEICH-
HOU MOJENH.

OcHOBHBIE CBOMCTBA MHTEP(EPEHIIUU TUPOCKOTIOB U HO-
HOB OJIMHAKOBBI. DTO HOJUIKCTPEMAIBHOCTD AMIUIUTYAHBIX
W YACTOTHBIX CIIEKTPOB, 3aBHCHMOCTH IOJIOKEHUN NHUKOB
YACTOTHBIX CIIEKTPOB OT HAMPSIKEHHOCTH MOCTOSTHHOTO MIT
U HE3aBHCHUMOCTh MOJIOKEHUIH MAKCUMYMOB aMILTATYIHOTO
crekTpa oT 4acTtoThl mepeMeHHoro MII. CrekTpsl Bceraa
MO’KHO PAacCYUTATD [JI1 MATHUTHOTO U 2JIEKTPHYECKOTO TO-
JIel JTr000 KOH(pUTYpAIMK, YYUTHIBAS TAaKKe COOCTBEHHbBIC
BpAIEHUs] OEITKOBBIX MOJIEKYJI, OpraHellyl, KIETOK M IEeJTbIX

p=1—|1+
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OGuosornueckux cucteM. HauboJiee BaxxHOE CBOMCTBO UHTEP-
(bepeHIMU MOJIEKYJISIPHBIX THPOCKOIIOB COCTOHUT B €€ OTHO-
CHTEJIbHON HEYYBCTBUTEIHHOCTH K MOJIEKYJISPHBIM TEILIO-
BBIM BO3MYIIeHUsIM. Ha cero/ias MoJjieKyJIsIpHbIi HHTEpde-
PUPYIOLINIA TUPOCKOT SIBJISICTCS, BEPOSITHO, €AMHCTBECHHBIM
MEXaHU3MOM MarHuToOuosorudeckux 3¢dexkToB Moeky-
JISPHOI IPUPO/IBI, HEIPOTUBOPEUUBBIM C TOYKH 3peHHs (Hu-
3WKH U XOPOIIO COTIACOBAHHBIM C 3KCIIEPUMEHTOM.

5. 3akarouenue

B paboTe npensioxeH u 000CHOBaH MEXaHU3M CTOXACTHU-
YECKOTO PE30HAHCA MATHUTHBIX HAHOYACTHI], OOHAPYKEH-
HBIX B MO3T€ )KHBOTHBIX 1 4eioBeka. [TokazaHo, 4To ocoOeH-
HOCTH HEJIMHEWHOW CTOXACTHYEeCKON NTWHAMUKHA MAarHUTO-
COM, TPHU Y4YeTe UX BS3KO-yNPYroro 3aKperuicHusi B IUTO-
CKeJIeTe, MO3BOJISIFOT OOBSICHUTh Hepe3OHaHCHBIE 3(deKThI
cnabbIX MATHUTHBIX MOJICH MUAMa30HA EAMHHIL— IECITKOB
repir B OMOJIOrMIECKUX CHCTEMAX, 4YBCTBUTEIBHOCTD OHOJIO-
THYECKUX CHCTEM K T€OMArHUTHBIM BapUAIUSIM U YCIOBUSIM
«MAarHATHOTO BaKyyma», a TaKXe CIIOCOOHOCTh MUTPHPYIO-
LIIUX )KAUBOTHBIX K OPUCHTAIIMU B TCOMArHUTHOM I10JIC.

IpenyoxkeH M OOOCHOBaH MeXaHH3M HWHTEpdepeHInH
MOJIEKYJIIPHOTO rupockomna. [TokasaHo, 9To cpaBHUMOE IO
BEJINYMHE C TEOMATHUTHBIM M0JIeM Hu3koyacToTHOe MIT co
crenuaIbHO MOJAOOPAaHHBIMU YACTOTOM W aMILTUTYIOH, BO3-
NIeHCTBYS Ha WHTeP(EPEHIMIO COCTOSIHUN pPEaTMCTUIHOTO
MOJICKYJISPHOTO THUPOCKOIA, MPHUBOAUT K 3HAYUTEIHHOMY
OTHOCHUTEJIBHOMY POCTY KOHIIGHTPALUH MPOAYKTA PEAKIIH
npu PU3HOTIOTHIECKON TeMIepaType.

DTH MEXaHU3MBEI SIBIISTFOTCSI IPUMEPAMU TIOCTPOCHUS MbI-
CJICHHBIX MEXaHU3MOB MarHATOPEIEIINH, COTJIACYIOITUXCS C
¢usnmiecknumu 3akoHamMu. Takum oOpa3oM, JOKa3aHO, YTO
«mpobiema kT » B ee TpaUIIMOHHOW (HOPMYIMPOBKE HECO-
CTOSITEJIbHA B KAUYECTBE aPIYMEHTA TE31Ca O HEBO3ZMOXKHOCTH
MAarHATOOMOJIOTHIECKUX IPPEKTOB.
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