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B kHuee paccmompenvt pezonanchvle 3a0a4u 6 pasiuiHblx 001ACMAX GU3UKU, XUMUU U OUOL02UL ¢ eOUHOL MOYKU
3PEHUsI — HIKCIMPEMATLHOCTU PE30HAHCHBIX COCMOSHUL 08UNCEHUsL 8 Npupooe. AHATU3UPYIOMCs 3a0ay4u OUHAMUKU O08UdICe-
HUSL U YOEPIHCAHUSL AMOMAPHBIX, MAKPOCKONUYECKUX YACMUY, MUKPOOP2AHUZMOE 8 HEOOHOPOOHBIX NOJISIX, 6HE U 8 YCILOBUSX
PE30HAHCA, 8ONPOCH OUHAMUYECKOU YCMOUNUBOCMU HEYCMOUYUBHIX COCMOAHULL, bU@ypKrayuu, Xxaoca, OUCKPEemHOCmu,
960IHOYUU HETUHETIHBIX OUHAMUYECKUX CUCIEM, He COOEpICAUX 8 A6HOM ude manvill napamemp. H31001cenbl 0CHOBbI pe-
30HAHCHOU Meopuu OuHamudeckux cucmem. Ommeuenvl Hepeulennbie nPoOeMbl U HAMEUeHbl NYMU UX PeuleHUsl, 8 Yacm-
HOCMU: WAPOBOT MOIHUU, AKMUBUPOBAHHOU 800bl, PE30HAHCHO20 8030€liCBUs C8epXCaabbIX nouell Ha buonosuyeckue
cucmembl, 8 Mom yucie Koppensiyuu mexcoy nepuooamu ConHeuHou akmueHOCMU U RPOYECCAMU, RPOUCXOOSUUMU 8 ITNO
epems Ha 3emie.

Ha koeo paccuumana sma xnuea? Ha wupoxuii Kpye yumameneu, jcelarouux yeuoems Jec uz-3a oepesves. Ee npo-
UmMym cmapuleKaacCHUKU, CmyoeHmsl, CNeYUaIUCmpl ¢ bICUUM 0Opazosanuem u be3 — éce, KMo He PA6HOOYUIEH K 3a2a0-

Kam oKkpycaiowel Hac yousumenvrol IIpupoost u kmo ewje ne nomeps Jiceranue u mepneHue pasoopamscs 6 HUX.



[Ipenucnosue

OTa KHUra BO3HHUKJA KAaK PE3yJIbTaT MHOTOYMCIEHHBIX JIEKIUNA M CEMHHAPOB, HA KOTOPBIX
MIOTIBITAJICS B OOLIEOCTYHOM (hopMe M3IIOKHUTH JOCTHKEHUS Pa3IMUHBIX UCCIIEAOBaTeNeH, B CaMbIX
Pa3IUYHBIX 00JACTSAX AEATENBHOCTH Ha €JUHBbIM OOBEKT HAIIero McciefoBaHus ee BemuuecTBo —
[Ipupony. ConepkaHre KHUTM OKOHYATEIBHO 0()OPMUIIOCH 1TOCIIE TOr0, KAaK MHE MPUILIOCH B 3UMHEM
cemectpe 1999/2000 roma mpodecTs Kypc JEKIUH s CTYJCHTOB OMO(GU3NKOB (hrU3HIecKoro (hakyIb-
TeTa Y IMypTCKOTO TOCYJapCTBEHHOTO YHUBEPCUTETA.

3aMeTHOE MECTO B KHUT€ 3aHUMAET SBJICHUE PE30HAHCA, [I03BOJIMBIIEE OCO3HATH EUHYIO CBSI3b
MHOT000pa3HbIX OKPYKAIOLIUX U MPOHU3BIBAIOIINX HAC sBJICHUH. bojee Toro, MHE 1 MOMM COTPYIHHU-
KaM B LIEJIOM Psi/ie CIy4yaeB MOCYACTIMBUIIOCH OBJIUATh Ha “pa3BUTHE COOBITHI B 3TOW 00JIaCTH.

B nepByto ouepenp, s TIyOOKO NpPU3HATENIEH CBOEMY YUMTENIO M HACTaBHUKY AJIEKCAHIPY
NBanoBuuy ®uitaToBy, YbM IUIOAOTBOPHBIE HIEH U TITyOOKOE BUICHNE NIEPBOOCHOB MPUPOIHBIX SIBJIC-
HUM IIOMOTaJIM MHE B MOMX MCCJIEJOBaHMX. boibpnioe BIMsHME HA MEHS OKa3ald BCTPEUU M JUCKYC-
cun Ha cemuHapax ¢ JL.U. CenoBbm, A.I'. I'ypeBuuem, B.M. Oxorunbiv, C.I1. KypatomoBeim, B.JI.
I'unz6yprom, C.B. Boncosckum, B.I'. Becenaro. Ota kaura, 6e3ycinoBHO, He ObUTa ObI HUKOT/Ia 3aKOH-
YyeHa, eclii Obl HE 0100peHue U MO AepKKa MOel xeHbl. MHOTHE IpYy3bsl U KOJUJIETH TIOMOTaIl MHE B
Moeii pabore. S Gnarogapio Bcex, KTO IOMOTail MHE B 3Toi pabore. I KOHEUHO 3TOM KHUTM MPOCTO Obl
He ObuIo, eciu Obl He MOAJIEpP)KKA B TEUEHUE BCEH JKU3HU CO CTOPOHBI Moux poautenei. [loatomy
CBETJION MaMATU Moux poautener I'eoprus, Mapuu u VBaHa nocss1ar 3Ty KHUTY.

Nxesck, 23 Hos0ps 2000 roaa.
Banenmun [lluponocos
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1. BBenenue.

“Heap3s1 00bATHL HEOOBATHOE...”
(Ko3zvma Ilpymkos)

“...HO MOKHO IO YaCTSIM H BMecTe”
(HUI] “HKAP”)
http://users.mark-itt.ru/ikar/

Pe3onancoM MpUHATO HA3bIBATh SIBICHHE PE3KOT0 YCHICHHUS OTKJIMKA JUHAMUYECKON CUCTEMBI
X Ha BHEIIIHEEe BO3JEHCTBHE f~f,COS@!, KOT/la YacTOTa BHEIIHETO BO3JACUCTBUS @ CPABHUMA C YACTOTOM
ax, MO0 C COBOKYITHOCTBIO YaCTOT COOCTBEHHBIX KOJIEOaHU caMO# CUCTEMBI (N@w=Xn;ay;, TJE N, Nj —
uenble uncna). [Ipu 5ToM BBIHYKIEHHBIE KOIEOAaHUSI X BOSHUKAIOT U MOJICPKUBAIOTCS B CUCTEME 3a
CYeT BHEIIHUX aJIUTUBHBIX, TUOO MapaMETPUUECKUX BO3JECHCTBUN (BXOISAIINX B YPAaBHEHUS JTBUKE-
HUS aJJIUTHBHO, JTUOO0 MEHSIOIIMX MapaMeTphl CUCTeMbI). B mocneaHem ciydae kojiebaHus, 00yClIOB-
JICHHbIE BHEIIIHUM BO3JICHCTBUEM, Ha3bIBAIOTCS MTapaMETPUUECKUMHU.

Konebanus nepeMeHHOM X MPOUCXOAAT C 3ama3blIBAaHUEM: IIPU MabIX @W<<axy ~ B ¢aze ¢ Ko-
JIeGaHISIME BHEIHETO BO3ICHCTBHS f (X~ focos ot/ ax’); GOIbIIIX @>> ey B mpotrBodase (-1) ¢ f (x~ -
focosart/@’); w=ay cuBur has MeKITy KOTEOAHMSMU X U BHEIIHMM BO3JACHCTBHEM -7T/2, a aMILIATYA
KoNeGaHuii x nMeeT HanboIbIIy0 Bemmuuny fQ/ay’, Tae Q=my/&, — T0GPOTHOCTH CHCTEMBI TIPH Pe30-
HaHCe, a & — €€ IUCCUTAIHS.

3aMeTuM, UTO €CJIM AWHAMHUYECKas CUCTeMa HEaBTOHOMHA, T.€. B YPaBHEHUSIX JABWKCHUS TIPU-
CYTCTBYET SIBHAsI 3aBUCHMOCThH OT BPEMEHH, TO TaKyl0 CUCTEMY MOXXHO PacCMaTpHBAaTh KaK aBTOHOM-
HYI0, BBe/ld BpeMsl B KauecTBE OJIHOM M3 KoopAMHAT (a3zoBoro mpoctpanctBa. [Ipu Takom moaxosne
CUCTEMY, OMHCHIBaEMYI0 AU(PEepeHIInaTbHBIM YPaBHEHHEM BTOPOTO MOPSAIKA C BHEIIHUM BO3JEHCT-
BHEM, MOKHO pacCMaTPUBATh KaK CHCTEMY C MOJIyTOpa CTETIEHSIMU CBOOOIBI.

HHTEpecHO OTMETHTh, UTO HUCTOPHUS PAa3BUTHS (PU3UKM Hadadach (PaKTHUECKH C MCCIICIOBAHUS
HEJIMHEMHBIX YpaBHEHUN - 3HaMeHHUTOM 3a1aun Kemiepa. 3anaua Kemiepa coepuUT TUTUYHBIE aTpHU-
OyThl HETMHEHHOW KONeOaTeTbHOM CUCTEMBI C TapaMEeTPHUUECKUM PE30HAHCOM: 3aBUCHMOCTh MIepHo/Ia
oOpareHus miaHeTsl BOKpYTr CoNHIIA OT mapaMeTpoB OPOUTHI, OOJIBIIOE YUCIO TAPMOHHUYECKHUX CO-
CTABJISIFOIIMX BO BPEMEHHBIX XapPaKTEPUCTUKAX TEKYIIUX KOOPIUHAT IUIAHET.

[Tocnenyromee pa3BUTHE TEOPETUUSCKON M IKCIIEPUMEHTATBLHON (PU3MKH TOILIO MO MyTH T0-
CTpOCHHS TMHEHHBIX (PUBNYECKUX TEOPUI: TEOPUS YIIPYTOCTH, HIEKTPOMATHETH3M, 3a7au yIep>KaHuUs
TEJ M YaCTHI] BHE 30H MapaMETPUUYECKOTO PE30HAHCA, KBAHTOBAs MEXAaHWKA M KBAHTOBAsI TCOPHSI TOJIS.
[Monanobunock mocrarouno MHoro BpemeHH (¢ XVII mo XX Bek) [1-146], 94To0BI CTaI0 MOHSATHBIM:
uneu nuaeapuzanud [1, 2, 4, 6, 13] aGCOMOTHO HEMPUMEHHUMBI JIJI PEIICHUS MHOTHUX MPOOJIeM, C KO-
TOPHIMH (DPU3HKA MMOCTOSIHHO CTAJIKMBAIACh. M1 B 3TOM CMEBICIIe Cero/IHs HaOIoaeTcs BO3BpaT K Kiac-
CHKE.

Hcropuyeckn oJHUMH U3 MEPBBIX OBLIM PACCMOTPEHBI 3aJa4M ISl TUHEHHBIX TUHAMHYECKHUX

cucTeM ¢ ap=const U ¢ ay=ap{&(wt)} T™MHA @y =(& + gicoswr). Jluneapunuzanus 3afad MpuBeia K



«BBITJICCKUBAHUIO peOCHKA BMECTE C BOJOW» - K OTCYTCTBHIO YCTOWYMBBIX COCTOSIHHM JBU)KCHHS B
30Hax pe3oHaHca [4-7, 21-27].

[To3nHee OBUTH pacCMOTPEHBI 3a7aud MAPAMETPUUYECKOTO pPe30HaHca ¢ wy=axnf{&(xk, 61, ot)},
T7I€ Xk, 0 — TPAHCISAIIMOHHBIC U BpalaTeNbHbIE CTETIEHN CBOOOSL, k, [ = 1,2, 3N, N - KOJIHYECTBO CTe-
TeHel cBoOoabl [74—84, 95-97, 112-114, 122, 129, 146].

3amauyn o U3YyYEHHUIO ABMXKECHUS M yIEP)KaHUIO PA3IUYHBIX YACTHII, KIETOK, T C pa3MepaMu
OT MHKpPO- JI0 Makpo- C y4e€TOM HX XapaKTEePHUCTHUK (3apsSa0B, MEXaHUYECKHX, dJCKTPHUECKUX, Mar-
HUTHBIX MOMEHTOB, MacChl) B HEOJJHOPOJHBIX TOJISX UMEIOT MOYTCHHYIO UCTOPHIO U OTHOCSTCS K TH-
MUYHBIM 3a/la4aM MapaMeTpUuecKoro pe3oHaHca. ITo 00yCIOBIEHO T€M, YTO JaHHas mpolsiema Ie-
pUOIMYECKH BO3HHUKAIA MPHU PEHICHUH Pa3IHYHBbIX MPUKIATHBIX 3a7ad B PA3IMYHBIX O00NACTAX MeXa-
HUKH, (PU3UKH, OUOJIOTUU ¥ METUIUHBI.

OTMeTHM JTUIIh HEKOTOPBIC U3 HUX:
a) poboTH3anus — MPOCTPAHCTBEHHOE OSCKOHTAKTHOE OPHCHTHPOBAHHE, YICPXKAHUC W YIPABICHHE
MHUKPOJETaISIMU NPU cOOpKe pa3TUUHbIX YCTPOICTB, U3IEHM U MPHOOPOB;
0) celeKTUBHAs Cemapaiys pa3InyHbIX MOPOIIKOB (MATHUTHBIX, (PEPPOMArHUTHBIX U T.J., B YaCTHOCTHU
JUISL MArHUTHBIX HOCHUTENEH HHPOpPMAIIMH — MAarHUTHBIE TUCKH, JICHTHI);
B) CBEpXYyBCTBUTENBHBIE TATYHKU MOJEH (3MEKTPOMArHUTHBIX, aKyCTHUYECKHUX, TUAPOAMHAMUYECKUX,
TPaBUTAIMOHHBIX ) HA OCHOBE MOJBECOB;
T') B3BCIIUBAHUE, yICPKaHUE U MMEPEMEIICHUE PA3IMYHBIX Te (POTOPOB JIBUTATEINICH, THPOCKOIIOB, UT-
pYILIEK, TPAaHCIIOPTa HA MATHUTHOM TOJIBECE);
1) CO3JaHKE JIOBYIIEK YaCTHIl Pa3IMYHOTO TUIA C pa3MepaMH OT AJIEMEHTAPHBIX O MaKpo- U U3yde-
HUE CBOWCTB, TUHAMHKHU OTACITHHBIX YACTHI] B TAKHX JIOBYIIKAX, BKIIFOUAsl KJIETKH, JIEKTPOHBI, HOHBI,
aTOMBI, MOJICKYJIbI (C JAJIbHEHIIICH WX YITAKOBKOW HA IIaTe — MOJICKYJISIpHAST TEXHOJIOTHS), JIEKTPO-
TUHAMHYECKOe yJIep:KaHue T1a3Mbl;
€) MOJly4YeHHUE aBTOHOMHBIX, YCTOMUMBHIX, OCHMJUTUPYIOIIUX CUCTEM, B YaCTHOCTU CaMOYCTOWYHMBOU
J1a3Mbl, aKTUBUPOBAHHOW BOJIBIL.

Pemenue momo0HOTO Kiacca 3a7a4 Jake B IEPBOM MPUOIMKCHUN HATATKUBASTCS HA CEPhE3HBIC
MaTeMaTHYeCKue U GU3NIECKHUE TPOOICMBI.

OcHoBHas ¢uznyeckas npodiaemMa cocTosia B TOM, YTO B 00JACTH B3BEIIMBAHUS YACTHIL IPU OT-
CYTCTBUU UCTOYHHKOB TOJISI (JIIEKTPUIECKOTO, MATHUTHOTO, TPABUTAIIMOHHOTO) MOTYT CYIIIECTBOBATh
€IMHCTBEHHO 0COOBIe TOYKU — ceaioBbie. COOTBETCTBEHHO ISl CEJIOBBIX TOYEK B OJJHOM HarpaBJie-
HUU 4YacTula Oy/JeT BTATHBATHCS B 00JIACTh B3BEUIMBAHUS, a B APYTOM BBITAIKUBATHCS. JlaHHas mpo-
6nema paccmarpuBainach eme ['mmsoeprom (1600) u Mpamoy (1842). Umu Obi1 ycTaHOBJIEH (aKT He-
YCTOMYMBOCTH PaBHOBECHsI (CTaTMUECKOW MAarHUTHON KoH(purypamuu). B cratuke ycToiunBoe yaep-

’KaHME YaCTHIIbI COTIacHo Teopeme VpHIIoy npocTo HEBO3MOXKHO [1].



BriBog 0 HecTabmiibHOCTH paBHOBecus: yTouHMI bpaynoOek [2]. OH mokasai, yTo HecTaOMIbHOE
PaBHOBECHE B CTATHKE MOYKET CTaTh YCTOWYUBBHIM B JJMHAMHUKE TPU HATMYUHU B CUCTEME JTHAMAarHUTHO-
ro Tena. OJIHAKO B CBSI3U CO CJIa0bIM MPOSIBJICHUEM JUaMarHeTu3Ma y OObIUHBIX BEIIECTB (3a HCKIIIO-
YeHHEeM CBEpPXIPOBOJHUKOB) pe3yibTaThl bpayHOeka He MOMyYMIIM IIMPOKOTO MPAKTHYECKOrO pac-
MIPOCTPAHEHUSI.

Ho To, 4T0 3ampenieHo B CTaTUKE, MOXKET OKa3aThCs pa3pelIeHHBIM B JHHAMUKE (B MTEPEMEHHBIX
MOJIAX, TUOO TPU JBMKEHUU CAMUX YACTHUI] B HEOJHOPOIHBIX MOJISAX).

B nunamuke ke perieHue 3aqa4 B CBOIO OYepe/b HATAIKUBACTCS HA MHOTOYHMCIIEHHBIE MaTeMa-
THYecKue mpobsembl. OCHOBHAs MpobiieMa COCTOUT B OTCYTCTBUU OOIIEH Teopuu KoineOaHui CUILHO
HEJIMHEHHBIX CHCTEM MPU OTCYTCTBHM MAJIOTO IapaMeTpa M B MOSBICHUH «CTPAHHBIX» OCOOCHHOCTEH
Ja)ke MPH PaCCMOTPEHUH JOCTATOYHO MPOCTHIX MOJIETBHBIX CUCTEM, TAKUX KaK aTTpakTop, xaoc [3].

Kak mpaBuiio, B KauecTBe «IPOCTOI» MOAETHHON CUCTEMBI BHIHYKJICHHBIX KOJICOAHUH C ajiu-
TUBHBIM W TAPAMETPUYECKHM BO3JICHCTBHEM pPacCMATPUBACTCS MAaSTHUK C BUOPUPYIOMIEH TOYKOM
mojiBeca. ITo 00yCIOBIEHO TEM, YTO COOTBETCTBYIOIIEE YPAaBHEHHUE:

X"+ gx'+ (& + &cos7)sinX - &1 cos(7+ @) cos x =0, (1)
JIOBOJIBHO YaCTO BCTPEUAETCS B PA3NIMYHBIX 00JaCTAX QUMK MEXaHHKE, AIEKTPOJAUHAMUKE, PU3KKE
wia3Mel U T.1. [3—18]. B wactHoCTH, 11 MasTHUKA &5~(wg/ o) a)ﬂ:(a/;/l)l/ 2 B=0, £1, rue a;=g — yc-
KOPEHHUE CHIIBI TSKECTH, -1 =/1 .1 — YCKOPEHUE TIPH MPOJOIBHOM, TIONIEPEYHO BUOpAIiH, @ — Yac-
ToTa BHOpanuu, [ — AIWHA MasTHUKA, [;.] — aMIUIUTYAbl KOJIEOAHWW TOYKHM TOJBECAa MAasTHHKA
(puc.la). lnsg gacTuipl ¢ COOCTBEHHBIM MarHUTHBIM MOMEHTOM K (puc.10), a)ﬂ2=yHﬂ/I, rae I — mo-
MeHT uHepuuu, Hy — HanpsHKeHHOCTh MMOCTOSTHHOTO MarHUTHOTO 1oJisl, Hj,1 — aMIUINTy1a IIepeMEHHO-

r0 MAarHUTHOTO TOJIS IPOIOJIBHOM, MONIEPEYHOM HaKauku, ¢g—=const, =at, x'=dx/d .
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Puc. 1. a — MasTHUK, 0 — IUTIOJIb B OCHMJUTHPYIOIIUX TOJSIX

2. Pe3oHaHc B JIMHEHHBIX cucTeMax. JIOByIIKH /15 YacTHIL
2.1. O TuHAMUYeCKOIl YCTOMYNBOCTH HEYCTONYHUBBIX COCTOSIHUI
[Toxxamyii, BriepBble BO3MOXKHOCTh CO3JaHMsI “‘aTOMapHbIX~ JIOBYIIEK AJIs yAEpXKaHUs 4acTHULL
MOXHO ObUTO ycMOTpeTh B pabore Matbe (1838 r.), mocBsImeHHo# 3a1aue BUOpauyn MmeMOpansl [4] .
Okazajoch, YTO COOTBETCTBYIOIIEE ypaBHEHUE MaThbe:
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x" +(& + eicos 1) x=0, (2)

OOIHOBPCMCHHO OIMMUCBIBACT M HOIIYCKACT BHC 30HBI TIMAPaAMCTPHYCCKOI0 pC30HaHCA NWUHAMHYCCKYIO

YCTOMUYMBOCTh HEYCTOMYHMBOTO COCTOSIHUS B CTAaTUKE (&< 0). [IpuMepoM CyKUT yCTOMUUBOCTD mepe-
BepHyTOro mMastHuka (1) ¢ BuOpupyromei Toukoil nojaseca, onucbiBaemas (2) mpu MajibIX yriiax ero
OTKJIOHEHHMSI X OT BepTukanu (puc.la).

[IpocTeie paccyaeHHs MOKa3bIBalOT, YTO BUOpAllMs TOYKU IMOJIBECA MAsTHUKA C 4aCTOTOU
a>>(2)1/ 2an(U/1) ([18], ¢.122), SKBHBaICHTHA MOSBICHHIO Y (EKTHBHOI BO3BPALIAIOMIEH CHIIBL K BEp-
Tukaiu. Korna crep:keHb yCKOpAETCs BHU3, YTOJ X YMEHbBILAETCA Ha X|, COOTBETCTBEHHO YMEHbIIAET-
Cs M OTKJIOHSIOIIMM MOMEHT CHUJI TpHU JajbHEHIIeM JABUKEHUHU CTEPXKHs BBepX. B pesynbrare mpu
JIBMDKEHUH BBEPX Yroil (X—x|) yBEJIMYUTCS TOJIBKO Ha X < Xj. Takum oOpa3om, HECMOTPS Ha TO, YTO
BUOpUPYIOIIAs CHJIa BCE BpEMsi M3MEHsIET CBOE HAIPaBJICHUE, B CPEIHEM OHA JICHCTBYET K BEPTUKAIH,
yMeHblIlas x. B utore MasgTHUK 3aiiMeT MOJIOKEHNE IPSIMO IPOTUBOIOI0XKHOE HOPMAIbHOMY .

B 30Hax mapameTpuueckoro pe3oHaHca JJII CHCTEM, ONHUCHIBAEMBIX yYpaBHEHHEM (2), yCTOM-

YMBOCTb HapYyIIAETCsl, U aMIIUTY1a KojiebaHuil 0e3rpaHyHO pacteT (puc.2).

2.0 —
£ W
unstable unstahle v
15 stable | F
1.0
:‘.'
L
=0.1 £
0.5 B H
siabilization . '
1 . _ i
ups?gb—d?own % El‘ =0 i
pendilum g i
0.0 . - ] . —
-1 0 1 2 3

Puc. 2. 30HbI MapaMeTpUUECKOrO PE30HAHCA
BrnepBble, Ha yCTOWYMBOCTH COCTOSIHUSI NEPEBEPHYTOr0 MasTHUKA (puc.2), MO-BHIUMOMY,
ykasan B. Van der Pol B 1925 roxy. B 1950 roxy I1.JI. Kamumia [6], ucmonb3ys MeTO IPHOIMKEHHO-
IO peLIeHUs], U3SIIHO ONMUCAl U HKCIEPUMEHTAIbHO MPOJIEMOHCTPUPOBaAT 3(H(PEKT mepeBepHyTOro
MasTHHKA ("MasTHuKa" Karmibr). «Xopomro u3BectHo, — ormevan [1.JI. Kamuma [6], — 9uTo mis Tena B
COCTOSTHUM TIOKOSI HauboJjee yCTOMYUBO TO COCTOSTHUE, PU KOTOPOM €0 LIEHTP TSHXKECTH HAXOIUTCS B
HaMHM3ILIEM TOJI0XKEHUHU (COOTBETCTBYIOLIEM MUHUMYMY MOTEHIMAIBHOM HEPrum), a MpyU JTUHAMUYE-
CKOM PaBHOBECHH HaWOOJIee YCTOWYMBO TO COCTOSIHHE, NPU KOTOPOM IEHTP TSHKECTH 3aHMMAeT Hau-
0oJiee BBICOKOE IMOJIOKEHHE (COOTBETCTBYIOIIEE MAaKCUMYMY IMOTEHIIMAIBHON sHeprun)». Hambomee
SIPKUM TIPUMEPOM 3TOTO MPHUHIIMIA SBJIseTCS OObIUHBIN BoM4oK. Kak u3BecTHO, cuiia, BhI3BaHHAS Tpe-
HUEM OIOpBI BOIYKA O TIOBEPXHOCTH, 3aCTABISET OCh BOJIYKA MOJHUMATHCS UM NMPUHUMATh Hanbosee
BEPTUKAIbHOE TOJIOKEHUE, MPELeccus racuTcs, U BOT4OK Kak Obl "3amupaer". Ho kpome kmaccuye-

CKHX ClIy4dacB HHHaMquCKOfI YCTOP’I‘IPIBOCTPI, BBI3BAaHHOM TUPOCKOIINYCCKUMHU CUJIaMHU, H3BCCTCH PAL

npyrux. Hanpumep, npu ObICTpOM ABM)KEHHUU YeNIOBEKa Ha XOAYJSX, BEJIOCHIIEIUCTa, aBToOyca, JIo-



KOMOTHBA U Tp. HanboJiee YCTOMYUBOE COCTOSHUE JOCTUTACTCS TOT/IA, KOT/Ia IIEHTP TSKECTH 3aHUMa-
€T, 110 BO3MOKHOCTH, 00JIee BEICOKOE IOJIOXKEHHUE.

OnHUM U3 CaMbIX SIPKUX MTPUMEPOB JUHAMUYECKON YCTOMYMBOCTH SIBJICTCS IIECT C KOJICOIIO-
mieiicst Toukoi moaseca. 1o siBieHue npu aemoHctpanuu (XIV Bek, bombeii, puc.3) He MmeHee mopa-

SUTCJIBHO, YEM BOJIYOK, U U3YUYCHUC €I'0 CTOJIb KC MMOYUYUTCIIBHO.

A
v

Support vibrates up and down Sp‘i}port vibrates up and down
Puc. 3.

B 1908 roay, matematuk Andrew Stephenson u3 yHuBepcurera Manchester, HCIob3ysl 3aKO0-
Hbl HpIOTOHA, 10Ka3aj, YyTO MIECT MOXHO JOCTATOYHO MPOCTO YAEPKUBATh, BUOPHPYS TOUKY OIOPHI
10 BEPTUKAJIU, a HE TIEpeMelIas €€, U3 CTOPOHbBI B CTOPOHY, KaK 3TO OOBIYHO AENAI0T, 10 TOPU30HTAIN
[19].

I1.JI. Kanuna npeanoxui MpocTOoM U HaIJISAIHBIN MeTo[ [6] pa3bopa AMHAMUYECKON yCTOWYH-
BOCTH MEPEBEPHYTOI'0 MasiTHUKA C BUOpHpYIoLIeil Toukoi mojBeca (puc.la, x=m) BHE 30H apamMeTpH-
YEeCKOI'o pe30HaHca U omucall yeTpoicTBo (puc. 4) /i ero 1eMoHcTpanuu. BepTukaibHOe MOJI0XKEHNUE
MEPEBEPHYTOr0 MasTHUKA BIIOJIHE yCTOHuMBO. Ha ombiTe 3Ta yCTOHYMBOCTH XOpOIIO HAOIIONAETCS.
Hampumep, ecnu BbIBECTH MasiTHUK U3 BEPTUKAJIBHOTO IOJOKEHUS HA HEKOTOPBIA yroi X, TO OKOJIO
OTBECHOTI'O TOJIO’KEHHSI BOSHUKHYT KOJICOaHUs, KOTOpbIe Oiaronaps TpeHHUIo OyayT 3aTyXaTh, U 4epe3

HEKOTOPOE BpeMsI MasiTHUK ""3aMpeT’ B BEPTUKAIbHOM IMOJIOKEHUH.



Puc.4.

Metoxa Kanuiipl npuMeHUM JUIsl M3yYEHUs TBM)KEHUS NIEPEBEPHYTOr0 MasiTHUKA C OBICTPO KO-
JeOTIOIUMCS TTOIBECOM BHE 30H NApaMETPUIECKOTO PE30HAHCA U OCHOBAH HA JIBYX MPEIIIOI0KEHUSIX.
[lepBoe — mpenmnonaraercsi, YTO YacTOTa BUOpALMU TMOJABECA » CTOJIb BBICOKA, YTO 3a OAMH MEPUOJ]
MIOJIHOTO KOJIeOaHMs MoBeca MasiTHUKA O/ ACMCTBUEM BHEIIHEH CHIIBI f YTOJl X MaJlo OTKJIOHAETCS OT
HEKOTOPOT'O CPEIHEro X; TAKUM 00pa3oM X MOXKHO MPEACTaBUThH B BUJE X= X|+X2, TJ€ X2 — Majast Obl-
CTPO—OCHWIITMPYIOIAsi BEIMUMHA. BTOpOe Mpennoiox)enne — MaJoCTh aMILTUTYAbI TPOAOIBHON BHO-
panmu 1Mo CpaBHEHHIO ¢ JIMHOW MasitHHKA /i/] <<1 (a=[\/l — mapameTp ManocTu). ITOT METOJ pele-
HUS JTaeT BO3MOXXHOCTh COCTABUTH MPOCTOE MPEICTaBIeHHE O (PU3NYECKON CYIIHOCTH Tporecca. bbi-
CTpoe KoJiebaHHEe MoJBeca MAasATHUKA MPUBOAUT K CO3AaHHIO YPPEKTUBHON MOTEHIIMATBLHON 3HEPrun
Upp= U+ <f*>/(2me*) n MomenTa cui [18], KOTOpBI MPOABIAET ceOst B CPeHEM, KAk OOBIYHAS CH-
J7a, ¥ HECKOJIbKO HaITOMMHAET TUPOCKOMTUYECKUE CHUJIBL:

<M>=— (1/4)m I,*w’sin(2x), (3)
TZie m — Macca MasiTHUKA.

HoBbie mapangokcanbHbIe ABICHUSA TUHAMUYECKOW YCTOMYMBOCTH HEYCTOMYUBBIX COCTOSTHUM B
ctatuke Obun oOHapyxeHbl B.H. Uenomeem B sxcniepuMeHTax ¢ BUOPUPYIOMIUMHU KHUAKOCTIMU U
TBepAbIMH Testamu [ 13, 14].

1. YcToiiunBoe mos10:keHue CHCTeMbI CBSI3AHHBIX «MePeBEPHYTHIX» MAITHUKOB € IYJIbLCH-
pymoleii Toukoii moaBeca (tumna puc.la, 3, 5.1).

2. Tsxesiblii ap B BUOpUpYOILIEi :xkuakocTu. L{lunmuuapudeckuii cocyn (Tpyoa), BBITION-
HEHHBIN /U1 yA00CTBa HaOMIOICHUS U3 MTPO3PAaYHOro MaTepuana, 3amoaHsIeTCs KUAKOCTHIO, HAlTpUMep
BOJIOH. 3aTeM B 3TOT COCY]l IOMEIIAETCS CIUIOIIHOM IIap MM HWIMHAPUYIECKOE TEJI0 U3 MaTepuana ¢

YACJIBbHBIM BCCOM, MPCBLIMIAIOIIUM y,I[CJ'IBHLIfI BEC )KMAKOCTH.
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Puc. 5.1 — 5.8. «MastHukn» Yenomes

[ITap ToHeT W 3aHMMAET HIDKHEE ToJIokKeHue B cocyne (puc.5.2). Ilocne aToro cocyn ycraHaB-
JUBAETCS HAa BUOPALIMOHHOM CTEHJE U MOJBEPracTcsl BEPTUKAIBHBIM KOJIe0aHUsIM BIOJb ero ocu. [Ipu
JOCTIDKEHUH ONpeeTIeHHOM MHTEHCUBHOCTH KosiebaHuil map B cocyze BeribiBaeT (puc.5.3). C yBe-
JUYCHUEM MHTEHCUBHOCTH KOJICOAHUH IO/ MapoM 00pasyeTcsl BO3AYIITHOE MPOCTPAHCTBO (KaBepHa) C
HEOOJBIINM KOJIMYECTBOM KHJIKOCTH, @ OCTalbHAasl dUAKOCTh pacroyiaraetcst Haj mapom (puc.5.4).
[Ipu »TOM crcTeMa HaXOAUTCS B yCTOMYMBOM JAUHAMUYECKOM cocTOsHUH. Hebonbioe qaBneHue Bo3-
nyxa, cO37aBaeMoe TOJ| MIapoM, JIETKO MOJHUMAET €ro BBEPX BMECTE C KUAKOCTHIO (puc.5.5). [pu
3TOM CHCTEMa yCTONYMBA U B 3TOM HOBOM IOJIOKEHUHU. Y CTOMYMBOE MOJIOKEHUE CUCTEMBI COXpaHSET-
Csl ¥ IIPU [IEPEBOPAUMBAHUK COCYIa B BEPTUKAILHOM IiockocTu Ha 180° (puc.5.6 — 5.8). ITomo6HkbIii
OTIBIT MOYKHO OCYIIIECTBUTH C COCYZOM, B KOTOPOM HaXOAATCS HECKOJIBKO IapoB (puc. 6.1, 6.2).

N B sTOM ciydyae HaONMIONAIOTCS aHATOTUYHBIC SIBJICHUSA: BO3AYIIHBIE KaBEPHBI 00pa3zyroTcs
MOYTH TMOJI KAKBIM IIAPOM C KHUAKOCTHIO HaJl HUMU. MOKHO HAOII0AaTh 0OpaTHOE SIBJICHUE: [IUINH-
JIPUYECKUN TIPEAMET, JIETKUN 10 CPAaBHEHUIO C KUIKOCTHIO, MPU BUOPAIUAX MOXKET TOHYTh (puc.6.3,
6.4). Bo Bcex ciywasix cuctema Ioj IeHCTBHEM BHOpAIMiA CTPEMUTCS 3aHATH MOJIOKEHUE, OJIM3K0e K

COCTOSIHUIO C MaKCUMaIbHOM HOTCHHH&HLHOﬁ SHCPFI/ICI\/’I.
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Puc. 6.1 — 6.8. «MastHukn» Yenomes

3. He3akpenuieHHasi maii0a Ha BepTHKAJbLHOM BHOpPHPYIOLIEM CTep:KHe ¢ HUKHel map-
HHUPHOI onopoii. Ha npsiMoii BepTUKaNbHBINA CTEP)KE€Hb, UMEIOILUI O/IHY IIAPHUPHYIO OMOPY BHU3Y,
HaJjeTa 1aiba ¢ 0TBEpPCTUEM, AUAMETP KOTOPOrO HECKOJIBKO OoJblie auaMeTpa crepxus. [lox neict-
BHUEM CHJIbI TSDKECTH 1Iaiiba nanaer. OHaKo, €cliy NPUAATH MAPHUPHOW ONOPE ITOTO CTEPKHS BEPTH-
KaJbHbIE KojeOaHMs, 11aiiba He MajaeT, a OCTAETCS MMOYTH B HEMOJBM)KHOM IOJIOKEHUH Ha CTEpXKHE,
Kak Obl B HEBECOMOCTH, CTEP>KEHb CTOUT MOYTH BEPTUKAIBHO (pHUC.6.5). DTO 00BsACHSIETCS NeHCTBUEM
YCpPEIHEHHBIX BUOPAITMOHHBIX CUJI 1 MOMEHTOB. OMBIT JIerKo 000011aeTcst Ha ciayvail IByX Wiu Oosee

a6 (puc.6.6), a Takxke Ha cirydail OOJBIINX 3a30POB MEXY CTEPKHEM M IIA00.

Puc.7. Magarauk Yenomes

JuddepernnanbHbie ypaBHEHUS ABIKEHHS "MIEPEBEPHYTOTr0" MasiTHUKA (CTEPIKHS) C HE3aKpe-

TJICHHOM 11aii00# 6€3 3a30p0B IIPH BUOPUPYIOIIEH HUKHEN TOUKE OMOPHI (pUC.7) UMEIOT BU/I;
12



(]0+]1 +WZ)C22)X”1 +2mx’1x'2+(k1/a))x '1—(M€1 +me) (g/(t)z— acos ‘ljSil’DC] =0,

x" + (ky /@w)x" —xzx’12 + (g/a)2 —a cosz)cos x| = 0, 4)
rae [, — MOMEHT WHEpPIHH CTepKHA (0e3 maiObl) OTHOCUTEIBPHO OCH BPAIICHHUS; ]1+mx22 — MOMEHT
WHEPIUY manobl; /| — COOCTBEHHBII MOMEHT MHEPIIMH IIaiObl; m — Macca manobl; X, — TEKyIIas Ko-
OpAMHATa MAaiObl, OTCYUTHIBAEMAas BIOJb CTEPXKHS; X| — TEKYIIH yroji MoBOpOTa CTEPKHS MpHU KoJje-
OaHmsx; { — nuHA cTep kHS; M — Macca CTepKHS; /| — pPaCCTOSIHUE OT IIEHTPa MAcCChl CTEPXKHS JI0 €T0
OCH BpallleHus; k1x; — MOMEHT TPEHHMsI, CO3/1aBa€MbIil TBUKEHHEM BCEU CHCTEMBI; ApXy — CHIJIa TPEHUS
1aiiObl 0 CTepKEeHb, OTHECEHHAs! K Macce Mailbl; » — KpyroBasi 4acToTa BUOpaLlMy IApHUPHOU OIO-
pbl; @ — amruintyaa BuOpauuu. [Ipennonaraercs, uro a//<<l.

Orta cioXxHas HeJIMHEHHasi CUCTEMa YpaBHEHHM, ONMCHIBAIOIIAsl JBUKEHUE pacCMaTpHUBAaEMOM
CHUCTEMBI, JI0 CUX TIOp /0 "KOHIIA" HEe UCCIEI0BaHA U COJAEPKUT WICHBI C OBICTPOMEHSIIOIIEHCS (ha3oi.
MeTtonom ycpenHeHus: UcxonHas cuctema nuddepeHIanbHbIX YPaBHEHUN CBOJUTCS K YEThIpeM He-
JUHEHHBIM TuddepeHIInaIbHbIM YPaBHEHHUSIM MIEPBOTO MOPSAKa, HE COAEPKAIMM BpeMsl B SBHOM BH-
ne. PemieHussMu 3TUX ypaBHEHUH OynyT QyHKIIUH, MEIJICHHO MEHSIIOIIHECS BO BpeMeHH. B aToM ciy-
9ae JIETKO HaXOJATCS KBa3UCTATHUSCKHUE PEIICHHS dTHX YPABHCHHMA, TAIONTUEC 3HAUYCHUS PAaBHOBECHBIX
TOYEK MIalOBl Ha cTepkHe. OmpeneneHue yCIOBUM YCTOWYMBOCTH IMAHOBI OTHOCHTEIIBHO CTEPXKHS
TaK)Ke He MPEACTaBISAET OCOOBIX TPYAHOCTEH.

[IpoBepka TeopeTHUeCKUX pe3yJbTaToB MpoBoawiack ¢ nomouisio JI[BM meronom Kyrra-
Mepcona ¢ aBTOMaTH4E€CKUM BBIOOPOM Ii1ara uHTerpupoBanus. [lomyueHHbie pe3yabTaThl JaI0OT OJIU3-
KO€ COBIIJICHUE C OTBITOM.

4. IloBbllIEHHE YCTOMYMBOCTH YIIPYrUX CHCTEM NP oMoy Budpauuii. [IpsmonnHeiHbIi
BEPTUKAIBHBINA CTEPKEHb Harpykaercss rpy3oM (G, Bec KOTOPOTO MPEBOCXOIUT IMEPBYIO SUIEPOBY
(kpuTnyeckyto) cuiy. [lox nelicTBrem 3TOro rpy3a cTep:keHb uzrudaercs (puc.6.7). I'py3y coobmaroT
MPOJOJIbHBIE BUOpAallMKM € TOMOIIbIO BHOPOBO3OYAMTENS, HAXOMALIETOCS Ha HeM. B »ToM ciydae
CTepKEHb BBIIPSAMIISIETCS, U TPY3 3aHUMAET BBICIIEE HaYallbHOE MONoKeHHe (puc.6.8).

Takum 00pa3oM CTEpKEHb, MMOJABEPKEHHBINA MEPUOTUIECKAM BBICOKOYACTOTHBIM MPOJI0JIBHBIM
KOJICOaHUSIM, UMEET KPUTHYECKYIO CHITY, MPEBBIIAIONIYI0 CTATUYECKYI0 KPUTHUYECKYIO SUIIEPOBY CHU-
Jqy. DTO MOXHO B OIpEAEICHHOM CMBICIIE pacCMaTpUBaTh Kak 000OIIeHHE OJHON M3 CaMbIX U3BECT-
HBIX TeopeM Ditepa 00 yCTOMYUBOCTH YIPYTUX CUCTEM MPU UX CTATUYECKOM HArpy>KEHUHU.

[TonpoOHO Teopusi BO3MOKHOCTH TMOBBIIMICHUS YCTOMYUBOCTH YNPYTUX CHUCTEM TMPHU TTOMOIIU

BHOparmii n3noxxeHa B padore [13].

2.2. ATomapHbIe JTOBYIIKHU

Eme B 1950 roxy II.JI. Kanuiia Ha OCHOBE pacCMOTPEHHMsI 33Jjauld O MEPEBEPHYTOM MasiTHUKE

YKa3all Ha BO3MOXHOCTb HCIIOJIb30BAHHA OPHUCHTHPYIOICIO MOMCHTA CHUJI, BOSHUKAIOIICTO ITPHU KOJIC-
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OaTeNIbHOM MpoIIecce, ISl OPUEHTAIIMN KOJIIOU10B, MosieKy [6]. U Ttonbko B 1958 rogy M. A. I'ano-
HOB, M.A. Munep TeopeTrHueckd O0OOCHOBAJIM BO3MOXKHOCTh BO3HUKHOBEHUS MOTCHITMAIBHBIX SIM B
HEOJTHOPOIHBIX BHICOKOYACTOTHBIX AJIEKTPOMATHUTHBIX MOJSAX JJIs1 3apsKeHHBIX yactuil [20].

3a pyOexoM MpaKTHUECKH OJTHOBPEMEHHO Psii aBTOPOB AKCIEPUMEHTAIBLHO MPOJAEMOHCTPUPO-
BaJIM yAEpXKaHUE 3apsHKEHHBIX YACTHI] B HEOJHOPOAHBIX IOCTOSSHHOM U MEPEMEHHOM IEKTPUYECKUX
MOJIIX BHE 30HBI pe3oHaHca [21, 22]. B 1989 roxy tpoe ¢usukos: H.®. Pamcu, B. Iayms u X. [e-
MeJbT ObUTH yaocToeHbl HoGeneBckol mpeMuu 3a LUK AKCIEPUMEHTAIbHBIX PadOT C M30JIMpPOBaH-
HBIMU yactuiiamu [23-24, 27].

Cama wuzes "aromapHbIX" JIOBYIIEK BO3HMKIA B (PU3MKE MOJEKYJSPHBIX IIyYKOB, Macc-
CHeKTpoMeTpuu U pusmke yckopurenbHbix yactuil [21-27]. B Te roasr (1950—-1955) skcnepumenTa-
TOPBI HAYUUJIUCh C TIOMOIIBIO MJIOCKUX JEKTPHUECKUX M MAarHUTHBIX ToJiel (OKyCHpOBaTh YaCTHUIIBI
B JIBYX U3MEPEHUSX, ICUCTBYS HA UX MAarHUTHBIC UJTU AJIEKTPUUECKUE AUMOIbHBIE MOMEHTBHI.

B nByxmepHOM KBajpyTose KOHPHUTYparus Mol puc.8a MopoKIaeTcsl YeTHIPhMsI AIEKTPOIa-
MH TUTIEPOOTNIECKOM (OPMBI, IMHEHHO MPOTSHKEHHBIMU BJIOJIB OCH Y, KakK Mmoka3aHo Ha puc. 86. Eciau

K 3JICKTPpOAaM MPUIIOKUTH ITOCTOAHHOC HAIIPSAKCHUC U mmroc HaIIPsS’KCHUEC V na paano49acToTEC:

@y=U+Vcos at, (5)
TO B II0JI€ C TIOTECHIIUAJIOM
D=Dy(x*~-2)(2r)), (6)
YpaBHEHHS JBIKEHUS OYIyT UMETh BUJIL:
x" + (ay + 2q, cos wx) x=0, z" + (a, + 2q. cos wx) z=0, (7)

e a, = — a.= a = 4eU/(m ro @), gx = — q. = q = 2eV/(m r,° ") 1160 B nepemennbix (1)
xX"i+ (&t &icos 1) x~0 (8)

THC Eox= — & - /2=al4, — =& /2=q/2, x"; =dx/d 7, =ot.

Puc. 8. JIBymMepHbIii KBapyToJb

VYpasHenust Matwe (7, 8) UMEIOT J1Ba TUIIA PELICHUH.
1. VcroltunBoe ABMKEHHE: YaCTUIBI KOJIEOIIOTCS B IVIOCKOCTSAX X, Z ¢ OTPAHUYEHHBIMU aMIUINTY-

JAaMU BHEC 30HBI p€30HaHCA.
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2. HeycroilunBoe ABM)KEHUE B 30HaX PE30HAHCA: aMIUIUTYbI 1O X, Z 3KCIOHEHIIMAJIIbHO Hapac-
TatoT. YacTuibl OyayT TepATHCS.

Cy1miecTBOBaHHE YCTOMYMBOCTH 3aBHCUT TOJBKO OT MapaMeTpoB ¢ U ¢ M HE 3aBUCUT OT Ha-
YyaJlbHBIX NAPaMETPOB JIBUJKEHUSI MOHA, HAIPUMEP, OT ero ckopocTu. ClenoBaTenbHo, Ha AUarpamme
a-q UMEIOTCs 00JIaCTH YCTOWYMBOCTH U HEYCTOWYMBOCTH (puc. 9).

Jlnst naHHOM 3a/1auu MPEACTaBIsSET UHTEPEC TOJIBKO Ta YacTh, T 00JIaCTH YCTOWYUBOCTH T10 X
U z mepekpbiBaroTcs. Hanbosee cymectBenHas oonacts ¢ >0, g<l. JIBukeHue yCTOMUMBO T10 X U 110 Z
TOJILKO BHYTPHU OOJACTH.

B nocnepnue necAaTuieTus paguodacTOTHBIM KBaIPYIOJib, OJaroaapsi €ro yHUBEpCATbHOCTH U
MIPOCTOTE, HAalIENl MIMPOKOE IMPUMEHEHHE BO MHOTMX O0JIaCTAX HAyKM M TEXHMKH B KadecTBe
Macc—CHEKTPOMETpa M HAMpaBJISAIOLIEH CUCTEMBI JUIsl y4yKoB. OH CTaJl pa3HOBUAHOCTBIO CTaHJAPTHO-

T'0 U3MEPUTEIIBHOTO MpUOopa.

Ycocmoiidyusocme 1o z

mox

Puc.9. [lonnas nuarpamMma yCTOMYMBOCTH JJIs1 IBYXMEPHOT'O KBAAPYIIOIBLHOIO MOJIS
B naByxmepHoM kBazapymose (puc. 8) AMHaMUYEcKas cTaOMIU3alis HOHOB HaBela aBTOPOB Ha
UJIEI0 €€ UCIOJb30BaHus Ul 3aXBaTa MOHOB B TpeXMEpHOM nouie [21, 24]. BriepBble HOHHAs JIOBYILIKA
(puc.10a) 6puta co3mana umu B 1954 r. Takue JOBYIIKH MO3BOJSIOT MCCIENOBATH JTa)Ke OJAWHOYHBIE
U30JIMPOBAaHHBIC YACTHUIIBI B TE€YEHUE UINTEIBHBIX MHTEPBAJIOB BPEMEHH, U TEM CaMbIM, COIJIACHO
NPUHIMITY HeolpeeneHHocTH [eiizenbepra, Aatl0T BO3MOKHOCTh U3MEPSTh UX CBOMCTBA C MPEeAEIbHO

BBICOKOI TOYHOCTBIO.

15



Npmewyguan  § uowwod  sofyuxe

<y

FNeKmparsi |

—_—

a)

Puc.10. Monnas noBymika (a) u ee MexaHudeckuit anasnor (0)
Konduryparus noreHmmaia B MOHHOM JIOBYIIKE onpenensieTcs Gopmyoit:
D=Dy(r*-2)(rs™+2250), 9)
rae 22022 roz, 2r, — BHYTPEHHUN JTUAMETP SJIEKTPO/Ia B INIOCKOCTH X, ).

Takass xkoHuUrypanus Mopoxaaercs KoJbLOM B ¢opMme rumnepOoionia BpalleHUs U IBYyMS
KOJIMaKaMu ¢ TUIEepOOTUYEeCKON MOBEPXHOCTHIO, 00aIa0IUe BpallaTeIbHOH CUMMETPHEH, KaK 3TO
nokaszaHo Ha puc.10a.

CoOTBETCTBYIOLINE YPABHEHUSI IBUKEHHS B O€3pa3MEpHBIX EPEMEHHBIX UMEIOT BUJ [24]:

X"i+(&i+ & icos 1) x~=0, (10)
TIE =&y = —&oz 12= al4, —&1,= — &,=61; /2= q/2. CoOcTBEeHHBbIE pemieHus ypaBHeHuil Matbe (10) sB-
JISIFOTCSL YCTOMYMBBIMU TOJIBKO B ONPEICIICHHON 00J1aCTH N3MEHEHUS TapaMeTPOB &,; U &j; (puc.9).

JIMHAMHYECKYIO0 CTaOMIM3AIMIO B JIOBYIIKE JIETKO MPOJEMOHCTPHPOBATh HA MEXaHMYECKOM
aHasiore (puc.100). B noBylke 3KBUNIOTEHLIMATIbHBIE JIMHUU O0Opa3yloT MOBEPXHOCTh B BHUJE CEIA.
ABTOpBI [24] U3roTOBUJIM TaKOE€ CEUI0 U3 IJIEKCUIJIaca Ha TUCKe. ECiM MOoJ0XUTh Ha TaKylO MOBEpPX-
HOCTb-CEJIJI0 MaJICHbKUI CTaNbHOM IIap, TO OH OYyJeT CKaThIBaThCS BHU3: €T0 MOJIOKEHNUE HEYCTOWYH-
Bo. O/IHaKO, €CJIM 3aCTaBUTh JIMCK BPAIIAThCSI C MPABUILHONW CKOPOCTHIO, COOTBETCTBYIOMICH MapameT-
paMm MoTeHLIMajga U Macce mapuka (B JaHHOM CIIydae 3TO HECKOJIBKO 0OOPOTOB B CEKYH]Y), TO LIAPUK
CTAaHOBUTCSl YCTOMUMBBIM, OH COBEpIIAET HEOOJbIINE KOJIeOaHHUsI U MOXKET OCTaBaThCsl B TAKOM IOJIO-
KEHUH B T€UCHHE JIUTEIBHOTO BpeMeHH. J[axke ecnu 1006aBUTh BTOPOM WM TPETHil IIApUK, BCE OHU
OyIyT ocTaBaThcsi BOMU3U IIEHTpa MUCKA. ENWHCTBEHHBIM YCIIOBUEM SIBIISIETCSI TO, YTOOBI COOTBETCT-
BYIOIINI mapameTp MaThe &; UMeINl 3HaYSHUS B IOIYCTUMBIX TIpe/Ieiax.

B 1959 rony Bropkep ¢ corpynHukamu [22] mpoBenu SKCIEPUMEHT IO MJIEHEHUIO MalbIX (C
IMaMETPOM ~MKM) 3apsHKEHHBIX YaCTHUIL aJTIOMUHUS B KBaJIPYIOJIbHOI j1oBYyIIKE. COOTBETCTBEHHO He-
o0xoauMmas BEIHY KAaroImas yactora Opuia mpuMmepHo 50 I'i. OHu u3y4niu Bce COOCTBEHHBIE YacTOTHI
u nonryuniiu ¢otorpaduu opout yactu (puc.lla). Ilocne Toro, kak ¢ momorIpo 0ydepHoro rasa Obl-
JI0 TIOTAIICHO JABM)KCHHUE YACTHIl, OHH OOHAPYKWIIH, YTO CITYYalHO JABUTABIIUECS YACTHIBI CAMU BbI-

CTPOWIHCH B PETYJIIPHYIO CTPYKTYpy. OHU 00pazoBanu kpuctamwt (puc.110).
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Puc.11. a — Muxkpodotorpadust opouts! Jlnuccaxy B IIIOCKOCTHU T, Z OTIACIBHOHN 3apsHKEHHON YaCTHITBI
MopoIlKa amoMuHus. BugHo Mukpoasukenue. 0 — KaptuHa "KOHI€HCUPOBaHHBIX" YaCTHI] ATFOMUHUS

B mocnennue roasl ynanoch HaOMIOAATh OTACIbHBIC 3aXBAYCHHBIE MOHBI C MOMOIIBIO JIA3EPHON
pe3oHaHcHOU (uryopecuiennmu [25]. Mcnonb3yst yCrianuTe b W300pakKeHHUSI ¢ BHICOKUM pPa3peIICHUEM,
BanbeTrep ¢ coTpyaHukamu HaOIIOaIM MICEBIOKPUCTANIM3AINI0O HOHOB B JIOBYIIKE MOCIE UX OXJIAXK-
JIeHUs1 Ja3epHbIM cBETOM (puc.12).

Wonsl caBuraroTcs B Takue MOJOKEHUSI, T/I€ CHJIa KyJIOHOBCKOTO OTTAJIKUBAHUSI KOMIICHCHUPYETCS
(hoKyCHpYIOIIMMH CHUJIAMH B JIOBYIIIKE, a SHEPTUs BCcero aHcamOis uMeeT MUHUMYM. PaccTosiHue me-

Ky MOHAMHU TOPSAJIKA HECKOJIBKUX MHKPOH. DTH HaOIIOJEHHS OTKPBUIM HOBYIO 00JIaCTh MCCIIEOBa-
HUM [26].

HhmehcaBrgemo
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Hunewcalrocns

Puc. 12. a — nceBaokpucTall U3 CEMU MOHOB MarHus. PaccrosiHue Mexxay yactTuuaMmu 23 MKM; 0 — Te
K€ JacTHUIIBI Ipu OoJiee «BBICOKOM Temmeparypey». Kpucramn pacriaBuics

Honnas noBylIKa Kak Macc-ciieKTpoMeTp. VOHBI B JIOBYIIIKE COBEPINAIOT KOJIEOAHUs C Yac-
TOTaMHU @ U @, KOTOpbIe NIpU (UKCUPOBAHHBIX MapaMeTpax Mo ONpenessIoTcs Maccoil HoHa. DTo
JIaeT BO3MOXKHOCTb IIPOBOJUTH CEJIEKTUBHOE 10 MaccaM JACTEKTUPOBAHUE HAKOIUICHHBIX HOHOB.

JloBymiku [1Jisi HeHTpaJbHBIX YacTull. OCHOBOI sBiIsieTcst (POKyCHpPOBKAa HEHTPAIBHBIX aTo-

MOB U MOJICKYII, 06J1az[a101u1/1x JUITIOJIBHBIM MOMCHTOM, C IIOMOINBIO MYJIBTHUIIOJIBHBIX nonei. IToren-
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nuanbHas Heprusi U 9acTHIbI C MOCTOSHHBIM MAarHUTHBIM MOMEHTOM, HaXOJAIICHCS B MarHUTHOM
noiie, naetcst opmynoit: U= —uB. Eciiu mone HeoJHOPOIHO, TO HMEETCsI COOTBETCTBYIomas cuia F=
— grad(U). B ciydae HeiitpoHa, obnagaromiero cnuHoM h/2, pasperiens! JTuillb J1Ba HaNpaBJICHUs CIIH-
Ha OTHOCUTENIbHO moJisd. Takum 00pa3oM ero MarHUTHBIHK MOMEHT MOXET OBITh OPUEHTHPOBAH JHOO
napajuieNibHO, MO0 aHTUNapamiensHo oo B. Ilpu nmapamiensHol OpUeHTAaluy YacTUIIBl BTSATHBA-
I0TCS B I0JI€, @ B 0OPaTHOM CITy4ae - BBITAJKUBAOTCS (aHAJIOT KJIACCUYECKOMN 3aJjauil JIEBUTUPYIOILErO
BovKa — "meButpona", 2.3). DTO JaeT BO3MOKHOCTh OCYIIECTBUTH UX ylepKaHUE B 00beME C Mar-
HUTHBIMHM CTeHKaMHU. [loaxonsinyto KOH(UIypaluo UMEeT I0JIe MarHUTHOrO ceKcTymods (puc.l3).
Takoe roe B BO3pacTaeT MpONOPLUHOHANBHO 17, B=(By/r,’)I>, a COOTBETCTBEHHO €ro TPagueHtT 0B/or

IIPONOPLIMOHAJIEH 7.

Puc. 13. UneanbHoe cexcTynonbHoe noje. LITpuxoBble TUHUM — JIMHUKA MAarHUTHOTO T1OJI,
IIyHKTHUP — JIMHUM PAaBHOT'O MarHUTHOI'O MOTeHIMana, B=const

B Takom mosne HEHTPOHBI ¢ OpHEHTALIMEH, aHTUIAPAIIICIBLHON MO0 YIOBIETBOPSIIOT YCIOBUIO
yAepKaHus, TaK KaK WX MMOTEeHUUanbHas 3Heprusa U ~ P, a BO3BpAILIAOIIAsl CUJIa —Cr BCEr/a HaIlpaB-
neHa K 1eHTpy. OHM KOJIeOII0TCs B TOJIE ¢ YaCTOTOM a>=2,uB0/mr02. YacTuupl ¢ opueHTalMen napasi-
JeNnbHOM ehOKyCHPYIOTCS M MOKUIAIOT MoJe. DTO CIpaBeIMBO TOIBKO 0 TE€X MOp, MOKa OpUEHTa-

s CIIMHA COXPAaHACTCA.

Puc. 14. a — cexcrynonbHas cepa, 6 — CEKCTYNOJIBHBINA TOP
B cekcTtynone HampaBiieHHE MarHUTHOTO TIOJIST U3MEHSETCS IO a3MMYyTy, HO MOKa JBIDKCHHE
YaCTHIl HE CIUIIKOM OBICTpOE, CIIMH aanabaTHYeCKH CIIEAyeT 3a HalpaBICHHEM IOJIs, a MarHUTHOE

KBAHTOBOC YHCJIO COXPAHICTCH. Takoe MOBCACHHUC MO3BOJIACT UCIIOJIB30BATh MOCTOSIHHOC BO BPCMCHU
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MarHuTHOE TI0JIe, B TTPOTHUBOIIOJIOKHOCTh CIIy4alo 3apspKCHHBIX YaCTHUIl B MOHHOW JIOBYIIIKE. 3aMKHY-
TBIA 00bEM XpaHEHHS TO3BOJISIOT TOTYYUTh CEKCTYIIONIbHAS c(hepa B CeKCTYyNOIbHBIN TOp (puc.14).
MarHuTHbI€ JTJOBYIIKH MO3BOJIUIN MOCTPOUTH "BECHI" JJIsI OJMHOYHBIX HEUTPOHOB U U3MEPHUTH

o 25
IPaBUTALMOHHYIO MacCy HEUTPOHA C UyBCTBUTENBHOCTHIO ~ 107 T.
2.3. 3agaum yaep:KaHusl HETOYEYHbIX YACTHIL

HcTopudecku CIOXUIOCH TaK, YTO "TEepBbie cOOOIIeHHs" O JIEBUTAIIUH (3aBUCAHUH MPEAMETOB
6e3 0OpaTHOH CBsI3M) MPOTSHKEHHBIX OOBEKTOB (MAarHUTOB) MPHUIUIM U3 JereH]. l[IpaBoBepHbIE My-
CyJbMaHe, B YaCTHOCTH, ObLTH "...yOeKICHBI, 9TO TPOO C OCTaHKaMHU "MIPOpOKa" MOKOUTCS B BO3IYXE,
BHCA B yChINaJIbHUIIE 0€3 BCAKOW OMOpPHI MEXKIY MOJIOM U moTojikoM. [loBecTBytoT, — nucan Diep —
Oynro rpoOHuily Maromera aepuT cwia Hekoroporo marHuta" ([28], c¢. 159). B Gonee mozmHIOI0
snoxy (I-II B.H.3.) c MOMOIIIbI0O MAarHUTOB MBITAJTUCH 3aCTABUTH BUCETh B BO3/IyX€ CTATyU XPaMOB.

Tak ke "... BBI3bIBA€T BOCXHUILIEHUE TPIOK, KOTOPBIN MPOJIENIBbIBANI B CBOEM "Xpame ouapOoBaHMIA,
WIM MEXaHHYECKOM, ONTHYECKOM U (u3nueckoM kabuHeTax" W3BECTHBIH PYCCKUN WIITIO3MOHUCT
lamynenxuii. Ero "kabunet", mpocymiecTBoBaBmmii 10 1842 romga, mpocinaBUiCS T€M, YTO IOCETH-
TENIH, MOJHMMABIIUECS IO JIECTHUIIE, €Ill€ U3y MOIJIM 3aMETUTh Ha BEPXHEH IJIOMIAAKE 30J104e-
HyI0 (DUTYypy aHrena, BBHIMOJHEHHYIO B HATypalbHbI YeJIOBEYECKHIl POCT, MapUBLIYIO B FOPU30H-
TaJTbHOM IOJIOKEHUU HaJl IBEpbi0 KaOuHeTa. B ToM, 4TO (purypa He nMeeT HUKAKHX MOATOPOK, MOT
yOeauThcst Beskuil xenaromuii. Koraa mocetuTenu BCTyNany Ha IUIOINAAKY, aHTEN MOAHUMAN PYKH,
MOJTHOCHII KO PTY BJITOPHY W UTPajl HA HE, IIeBeJs MaIbllaMi CaMbIM €CTECTBEHHBIM 00pazom".

"lecsats net, — ropopun ['amynenkuii, — s TpyAuscs, 4yToObl HAaWTH TOUKY M BEC MarHUTa U
xKelnesa, 1adbl yJepKaTh aHrena B Bo3ayxe. [loMuMo TpyZoB, HEMaJO CPEACTB yHOTpeOMI S Ha 3TO
gyno" ([29], c.31).

B uccnenoBarensckux nadopatopusx Gpupmel Oumunc B Hayane 70-X TOAOB MOXHO OBLIO Ha-
Omo1aTh TFOOONBITHBIE YPGEKTH — MapeHHe MOCTOSHHBIX MAarHUTOB. 3aJI0JITO 10 H300peTeHus "neBu-
tpoHa" [30—-35] H. van der Heide B 1974 rony TeopeTndecku u sKCIepUMEHTaIbHO (puc.15) uccneno-
BaJl HA OCHOBaHMM ypaBHeHHMI Matbe Buaa (2, 8) 3QpeKTsl TMHAMUYECKOTO B3BEIIMBAHUS MOCTOSH-
HBIX MAarHUTOB BHE 30H Pe30HaHCa (B KOMOMHHUPOBAHHOM MAarHUTHOM I10JI€ — MIOCTOSIHHOM M TIepeMeH-
HoM) [36]. IlocTosiHHOE MOoJe CO3/1aBalIOCh KOJbLIEBBIMU MAarHUTaMu, MEPEMEHHOE - KaTyIIKOH, Moj-

KITFOUESHHOW K CETEBOMY HAIPsDKEHUIO0, Yepe3 PeryIMpyeMblii Tpanchopmatop (puc.15a).
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Puc. 15: a — marautHas noBymika [36], 6 — 30HBI YCTONYMBOTO B3BEIIMBAHUS

H. van der Heide [36] Taxke mpoaHaqu3upoBall BO3MOXKHOCTH  yJEpKaHHUs M MPaKTHYECKO-
IO MCHOJIb30BaHUS JBUKYILErO MOCTOSIHHOIO MarHuTa B I10JI€ HETIOABM)KHOI'O MIOCTOSIHHOI'O MarHuTa,

B YaCTHOCTH JUIsl CO3/IaHUSl TPAHCIOpPTa HAa MarHUTHOM mojBece (puc.16).
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Puc. 16. Y nepxanue IBMXKYIIErocs MOCTOSHHOTO MarHUTa B MOJIe
HETOJIBWYKHOTO IMOCTOSIHHOTO MarHuTa (a — MPUHIIKIL, O —peanu3aius)
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Jannas unes Obula mo3aHee 3anaTeHToBana n3odperarenem Roy Harrigan B 1983 roay [33] u pea-
mu3oBaHa (1983-1995 r.r., puc. 17) B Buze neButpona (levitron’a) — neBUTHpPYIOLIEH MarHUTHOM UT-

pyuku — rossl [30-35].

B-field 1 lines

spinning
magnetic fop

Z> Magnetic moment
precessing around

magnefic
magnetic field line

base

Puc. 17. Levitron

2.4. "Ilpodaema 1/R*" B cucreme ABYX IUIOJEH

Cnenyer 3aMeTUTh, YTO HAWTH PEIICHUWE HEIMHEWHOW CUCTEMbl YPABHEHUM, ONMHMCHIBAIOIIMX
JMHAMUKY TeJ U YaCTHIl C YYETOM TPAHCISILMOHHBIX M BpallaTeNbHBIX CTENEHeH cBOOO kI, B 00IIEM
cllyyae MpaKTUYeCKH HEBO3MOXKHO. [103TOMy GOJBIIMHCTBO aBTOPOB, KaK MPaBHIIO, OrPAaHUYUBAINCH
IIpYU aHaJIM3€ IMHAMUKU YacTHI] B JIOBYLIKaX pelIeHHEM ypaBHEHHH Tuna Martbe (2, 8) BHE 30HBI pe-
30HaHca. boiee CloKHbIE HEMHEHHbIE TMHAMUYECKHE CUCTEMbl ObUIM PACCMOTPEHbI B paboTax
B.B. Ko3zopesa [37] .

K mpobneme yCTOHYMBOCTH MAarHUTHBIX CUCTEM OTHOCST Pe3YJIbTAThI 10 U3YUYCHHUIO MTOBEICHHS
4yacTHull, 00J1aAal0IUX MarHUTHBIM MOMEHTOM. DTH pe3yJIbTaThl B CBOE BPEMS UIPajM BaXKHYIO POJIb B
Teopur Me30Ha U sAAepHbIX cuil (Tamm, 1940). OHK cOCTOSAIM B TOM, 4TO CBOOOHAS MAarHUTHAs 4Yac-
TULA, TIPU CBOEM JBMKEHUHM, HE OCTA€TCsl Ha CTallMOHAPHOM TPAeKTOpUH, a MaJaeT Ha MarHUTHO-
npuraruearomuii nentp ("mpobdaema 1/R’").

[IpencraBnenuss 00 yCTOHYMBOM cHCTEME CBOOOJHBIX MarHUTHO-B3aUMOCHCTBYIOIIUX TEI
CBOJIAT, KaK MPaBUJIO, K CIEAYIOLIEMY: HEyCTOMYMBOCTh paBHOBecHs (Teopema MpHioy), HeycToinun-
BOCTb IIaHETapHOI crcteMsl ("mpoGuema 1/R*"), sdeKT cTabuinsammm 3HaKOIEPEMEHHOH CHITOM.

OnHoit u3 umeil paspemrenns "mpo6nemsr 1/R*" sBistercs uness THH36ypra o He0OGXOAUMOCTH
ydera MpOCTPAHCTBEHHOM MPOTSHKEHHOCTH MAarHUTHOW YacTHIbI, WM, KaK €€ €llle MHAa4ye Ha3bIBaIoT,
"y4geT peakuuu coOCTBEHHOTO 1ot yacTuilbl " [38,39]. ['MH30ypr oTMedall, 4TO y4eT peakiuu coOCT-
BEHHOTO IOJISI TAKXKE MOXKET MCKIIIOUUTH MaJleHUE HAa MarHUTHO-NIPUTATMBaOIMKA eHTp. KauecTBen-
HBIE COOOpaXKeHUs, MpUBEACHHbIE B [39], CBOIATCA K TOMY, YTO IO Mepe CONMKEHUSI MarHUTHBIX MO-
MEHTOB BO3pacTaeT KWHETHYecKasi 3Heprus npeueccuu. OJHAKO AETaIbHO 3TOT BOIPOC HE PACCMOT-

21



peH ([39], c. 262-263): "cienyer 3aMETHTh, YTO CTPOTO, OTCYTCTBUE MAJCHUS IIPU YIeTe COOCTBEHHO-
ro I0JI1 HaMU €Ille He MO0Ka3aHo, €CJIM MAarHUTHbIE MOMEHTHI NapajulebHbl IpYr APYTY U JMHHUH, UX
coeumsomei, To U mo-npexxaemMy ~ 1/R’, mperieccuss MOMEHTOB OTCYTCTBYT M MafeHHE JOIIKHO
UMETh MeCTO".

B pa6orax B.B. Ko3opes3a [37] ycraHOBIIEHO, UTO B yCTOHYMBOMW IJIAHETAPHOW MarHUTHON
CUCTEME TPACKTOPUSA HE MOKET HAMHOTO IIPEBBINIATh Pa3Mepbl MAarHUTHOI'O Teja, IIPUYEM IOCTYyIIa-
TEJIBHOE W BPAILATEIIbHOE JABWKEHUS MAarHUTOB CHUJIIBHO KOppenupoBaHHbL. Ko3opes paccMorpen pas-

JUYHBIC MOJICJIM MAaTHUTHOTO B3auMoaecTBus (puc. 18):
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Puc. 18. K «mpobeme 1/R»
B ciyyae ABYX ATMHHBIX OAMHAKOBBIX MAarHUTOB OOJIACTh YCTOWYHMBBIX OPOUTABHBIX TpaCK-

TOpPUI IBIDKCHHIT BO3HMKAaeT B oOiiacTH mapamerpos 2/R'>0.425 (puc.19).

N B

< m—
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Puc. 19. OpbutasnipHast yCTOWYMBOCTH B CUCTEME U3 JIBYX MarHUTOB

B o6mem Buze, pe3ynbraThl 11 cucteM (puc.18) obnacteii ycToldnBOCTEH CBEACHBI B TA0IH-
y 1.
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Taobmuma 1

puc.18 | Tunm MarHUTHOM CUCTEMBI O061aCcTh YCTOWYMBBIX TPACKTOPHI
a JIBa OJIMHAKOBBIX JUIMHHBIX MarHuTa 2IR'>0,425
b Cucrema IJTMHHOTO W MaJoro MarHutoB (/;>>1,) 21/ 1R'1>0,5
c BEITSHYTHIN cepon1-THIiob (R ao)'l H>(0,5)"1/2,
(B Yimin~1,23,
002(602— 1)=H2h_2
d JIBa MarHuTHBIX IIapa VY CTOMYMBOCTH HET MPH JTHOOBIX R
HE3aBUCHUMO OT alaz'l
e CIuTtoCHYTHIN CheponI-TUTI0Ib CucreMa HeyCTOMYMBA
f BeiTsanyThIi chepona-aumnosn Cucrema HeycTOMUMBa
JIBa IIMHHBIX MUIMHAPUYECKUX MAarHuTa HezaBucumo ot / 1/,
YCTOWYUBOCTH HET
h JIBa uaeanbHO IPOBOMSIIMX TOKOBBIX KOJIBLA Y1 ?’2'1 #1,
¥, ¥ =const a1/R, ay/R<1/2
1 CrurrocHYTHIH chepoua-auIoIib Ra'<(3)"1/2
] Jluck-aumnonn Ra'<(3)"1/2
k JIBa MarHuUTHBIX I1apa CucreMa HeyCTOMYMBA
1 JIBa uaeanbHO IPOBOISIIMX TOKOBBIX KOJIbIA v 2'1 #1
al/R, az/RS1/2

OnbIT OpOMTAILHOIO NOJIeTa ¢cBO0OOJHOr0o MarauTa. Hapsay ¢ TeopeTH4eckuM JoKa3aTellb-
CTBOM YCTOMUYMBOCTH IJIAHETAPHBIX MAarHUTHBIX CHCTEM IPEACTABISET UHTEPEC IKCIEPUMEHTAIbHOE

000CHOBaHHE YCTOWYMBOCTH OpPOMUTAIBLHOTO NBMKEHHS. PaccmoTpuMm 0Oosee moapoOHO CXeMy OIbITa

(puc. 20) [37].

Puc.20. OnbIT opOuTansHOTO MoJieTa CBOOOHOTO MarHuTa




MaruauTtHas cucTemMa COCTOMT U3 IMCKOBOTO Maruura | (quameTpom 7 MM), IpeJHa3HAYEHHOT O
I CBOOOTHOTO OpOMTAIBHOTO TOJIE€Ta, HEMOABM)KHBIX HJIMHIPHYECKIX MarHUToB 2,3 (muamertp 15
MM, BbicoTa 50 MM), cTepkHel 5,6, mucka 7 u Kpeiku 8. JIJIsi HACTPOMKH MarHUTHON CHCTEMBI B yC-
TAHOBKE MO>KHO OBLIIO U3MEHSTH pa3Mephl, OTMEUEHHBIE JIMHUAMHU CO CTpeIKaMH. MarHuThl HaMarHu-
YeHbI B HAIIPaBJICHUH, TIOKa3aHHOM OykBaMu N U S.

CrepxHu 5, 6, TUCK 7 U KphIIKa § ObUTA H3TOTOBIICHBI U3 OOBIYHOW MarHUTOMSITKOW CTajH, a
MarHuThl 1-3 — U3 aHU30TPOMHOTO OKCHUIHO-OapueBoro ¢geppura 2bA ¢ mperMyIecCTBEHHBIMA Mar-
HUTHBIMU CBOMCTBAMH B HAIIPABJICHUHN OCHU YCTAHOBKH.

Jlnist 3armycka Ha OpOUTY MCIIONB30BAJICS TOHKUNA TUAIIEKTPUYECKUA cTakaH 9 (nquamerp 60 Mm)
¢ MeIHBIM pblYakkoM 10 u cranbHbIM rpy3ukoM 11. I'py3uK ¢ pbluakkoM MOT IOBOPauMBATHCS B ro-
pU30HTAIBHOM MIOCKOCTH. CTakaH 9 mpuBOIMIICA BO BpalleHHE eKTpoABurareneM. [loa cheMHbIM
CTEKJISIHHBIM KOJIIakoM 12 MOr co3/1aBaThCsl BaKyyM.

Ilepen 3amyckoM MarHut 1 Bpy4HYIO yCTaHaBIMBAJICS Ha BHYTPEHHIOK LUIMHIPUYECKYIO I10-
BEPXHOCTh CTakaHa 9 B 30HE KOHTaKTa rpy3uka 11 c Hapy>kHOI MOBEpXHOCTHIO cTakaHa. [IpuTsxenue
Mexay rpy3ukoM 11 u marautom 1 ObIIO CHIIbHEE MPUTSHKEHHUS] MarHUTA K HETOJABI)KHBIM MarHUTaMm
2, 3 BciencTBue OONBLIETO YAANEHUS OT OCH yCTaHOBKU. [loaTOMy MarHUT | mpu HEMOJABUKHOM H
ME/UIEHHO BpallarolleMcs CTakaHe 9 yaepKUBaJICA HA €r0 BHYTPEHHEHN TOBEPXHOCTH.

ITpu packpyTke crakana 10 n>300 o6/mMuH rpy3uk 11 oTpbiBajcs OT Hapy>KHOW IMOBEPXHOCTH
CTaKaHa U 3aHUMaJ II0JIOXKEHUE, ITIOKA3aHHOE MyHKTUPOM. Maruur 1 mipu 3Tol CKOPOCTH yIEPKUBAJICS
LEHTPOOEKHBIMH CHJIAMHU Ha BHYTPEHHEH MMOBEPXHOCTU cTakaHa. [1o Mepe yMeHbIIeHHs] CKOPOCTH 10
n~220 06/MHH LIEHTPOOEKHAas CUjla MarHUTa YMEHbIIAIach HACTOJIBKO, YTO MPUTSHKEHUE HEMOIBUXK-
HBIX MarHWTOB "BHITATHUBANIO" €ro Ha OpOUTY Oe3 KOHTAaKTa CO CTaKaHOM 9, mocje 4ero crakaH ocTa-
HaBJIUBAJIU.

CHayasia onbITHl MPOBOJMINCH 0€3 BakyyMa. CBOOOJIHBIE MOJETHl HAYUHAIUCH C HECKOJIBKHUX
BHUTKOB — CIIMPAJICBUIHBIX TPACKTOPHH, 3aKaHUUBABIINXCS TMaJCHUEM MO0 Ha MarHuTh 2,3,6, 1100
Ha OCHOBaHUE ycTaHOBKH. [locie HacTpoWKH MarHUTHON CUCTEMbI BpeMsi CBOOOIHOTO MOJIeTa yAaIoCh
YBEJIMUYUTH 10 HECKOJBKHUX CEKYHJ. B OTIENbHBIX ONBITaX MAarHUT CHAayala JBUTAICSA IO 3aKpy4H-
BAIOILIEHCS CTIMpaNH, 3aTEM pa3Mep OpOUTHI yBEIMUUBAJCS U CHOBAa OpOMTa MpeBpallaiach B CIUpab
C KOHIIOM Ha HETOABW)XHBIX MarHuTax. HaOmoqanuce Takxke mojeThl 0 CIUPAIu C OJHOBPEMEHHBIMU
BEPTHUKAIBHBIMHU KOJeOaHUSIMH, TPUUEM MX aMIUIUTYJa Ha HAYaJbHBIX BUTKaX Obla OOBIYHO OOIIBIIIE,
YeM Ha MOCIEAYOIIUX.

[Tocne Toro, kak 6e3 BakyyMa ObLIO JOCTUTHYTO HECKOJBKO CEKYHJ IOJIETa, OIMBITHl Hadalu
MIPOBOJIUTH B BakyyMme. OKa3anoch, 4TO CTENIEHb PA3peKEeHUs BO3/1yXa MO KOJIMNAaKOM 3aMETHO BIIUSET
Ha BpeMs cBOGOIHOTO mosieTa. OHO HAYAI0 YBEITHYUBATECS, H, HAKOHELL, IPH BakyyMe 10~ MM. pT. CT.
yZIaJIOCh OCYIIECTBUTH TPHU OTBITA CO BPEMEHEM CBOOOHOTO mojera 5 MuH. 58 cek., 6 MUH. 2 cex. u 6

MHUH. 35 cek.
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CBOOOJHBIN MOJNIET B 3THX OMBITaX MPEACTABISLI coOoi crneayromee. B teuenne 0,5-1,0 Mun
IJIOCKAasl KpyroBasi TPA€KTOPUSl MarHUTA paclojiarajach HECKOJIBKO HUXKE CEPEIUHbI PACCTOSHUS MEXK-
Jly MarHuTamu 2, 3 ¥ NpaKTUYECKU HE U3MEHSIACh. 3aTeM PaanyC R TpaeKTOPUU HAYUHAI OCTEIEHHO
yMmeHbmaTees oT 30 10 25 MM, a CKOPOCTh BpalleHUs MOCTENEHHO yBeInunBaiach ot n~230 1o n~250
00/MUH.

YMenbuienue paauyca Tpaekropuu ot 25 no 10 mm anunock 44,5 MUH U CONIPOBOXAATIOCH
MOCTENEHHBIM TOABEMOM IIJIOCKOCTU MOJIETAa W YBEJIWYEHUEM CKOpPOCTH BpamieHus 1o n~300-350
00/MuH. Kpome TOro, u3MEHSJICS yroi MeXIy MarHUTHBIMH OCSMU CBOOOJHOTO MarHuTa 1 u Marxu-
TOB 2, 3. B Hauane cB06OMHOTO mosieTa oH cocTaisit okoso 10°, mpu R~10 MM ocu ObUin mpakTHYe-
CK{ NapaJuIeIbHBIMH.

ITo Mepe ymeHbllIeHUsT paaryca TPaeKTOpuu, HaunHasg ¢ R~10 MM, B moJjieTe BO3HUKAIU KOJIe-
OaHust CBOOOAHOTO MarHMWTa B BEPTUKAILHOM HAIPAaBJICHUU C YaCTOTOW TOTO K€ MOpPsAKA, YTO U CKO-
pocTh opOUTANBbHOrO BpamieHus. VX aMIIIuTyaa MOCTENEHHO yBelW4MBajiach, W, HAaKOHEN, npu R~5

MM Mar"uT | magai Ha MoJIF0OC MarHuTa 2 wim 3.

2.5. Knerku B "atomapHbIX'' JIOByHIKAX

JXKuBbIe KIETKM BeChbMa CIIOKHBIA OOBEKT JIsi HMCCIENOBaHUS. MHOTHE METOJHMKH, IIUPOKO
MpUMeHsieMble 111 (UKCUPOBAHHBIX MPENapaToB, COBEPIICHHO HEMPUEMIIEMBI JUIS KUBBIX OOBEKTOB,
TaK KaK MOTYT pa3pylIUTh KIETKY WM U3MEHUTH €e MEeTa0ONu3M (Hampumep, dJICKTPOHHAS MHUKPO-
ckonus. [Ipu pabote ¢ OMONIOTHUECKUMU MOJIEKYJIAMU IIUPOKO MPUMEHSIIOT AJIEKTpodope3. DIeKTpo-
¢bope3 6611 OTKPHIT pycckuM yueHbM D.D. Peiiccom B 1807 romy [40].

B nocnennee Bpemst [41-49], Ha ocHOBe siBJIEHUS deKTpodopesa, pazpaboTaHbl 1 HHTEHCUBHO
WCIIONIB3YIOTCS JIOBYILIKH AJIs KIETOK (9((EKT AeBUTAMU KIETOK B 3JEKTPOMArHUTHBIX MOJsax). [an-
HBIA METO/I TTOJIOKEH B OCHOBY HOBOTO HAIIPABICHHS — MPIKU3HEHHOTO HCCIIEIOBAHUS KIETOK.

JXKuBbIe KIIETKH, TaK K€, KaK U BHICOKOMOJICKYJISIPHBIE BEIIECTBA OPraHU3Ma, MPH (HU3HOIIOTH-
YecKoM 3HaueHuu pH HecyT Ha cBOel MOBEPXHOCTH H3OBITOYHBIM OTPUIIATEIBHBIN 3apsija, KOTOPHIH
oOpa3yeTcs BCIEICTBUE TUCCOLMALMA MOHOTEHHBIX, MPEUMYIIECTBEHHO KHCIOTHBIX, TPYMI KJIETOY-
HOW MeMOpaHbl. DJIEKTPUUECKUI 3aps] KIETOK UTPaeT BaXKHYIO pOJb B Ta3000MeHE, afcopOIiu Be-
IIECTB M3 BHEMIHEH cpenbl, 00pa30BaHUM CTPYKTYPbI KIETOYHBIX CKOIUIEHHI M BO BCEX OCTaJIbHBIX
(hbU3HONIOTHUECKUX TPOSBICHUSIX KU3HU.

B o0mem Buze Teopusi AMHAMHUKHM KJIETKH B DJIEKTPOMArHUTHBIX MOJSX B MOJIAPHBIX KHUAKO-
CTSIX-3JICKTPOJIUTaX Ype3BbIUaiiHa CI0KHA, M €€ PELICHHE OTHIOAb HE IMPOIIE pelIeHHs 3a1ad "JIoBy-
LIEK aTOMapHbBIX U AJIEMEHTAPHbBIX YaCTHI".

B Hacrosiiiee Bpems, Kak MpPaBUJIO, YYWUTHIBAIOT TPU OCHOBHBIX MEXaHU3Ma yAEp)KaHUA U

yYHpaBJICHUA OTACIbHBIMUA KIICTKAMH.

25



1. HaBeneHHbI AUNOJBHBIH MOMeHT. Koraa Ha NOJSPHU3YIOIIYIOCS YacTUIy ACUCTBYET
ANEKTPUYECKOE T0JIE, 3apsii BHYTPU U CHApPY>KU 3TOW YAaCTULIBI MOJISIPU3YETCS, BbI3bIBAsi UCKYCCTBEH-
HBII TUMOJBHBI MOMEHT. AOCOIOTHOE 3HAYCHUE BEKTOPA JUIIOJS p 3aBUCUT OT:
® BEJIMYHMHBI YaCTHUIIBL;

e a0COJIOTHOTO 3HAYEHHUS MPHIIOKEHHOTO 3JIEKTPUUECKOT0 MOJIS;
®  pPA3NTMYUUS MEXK]Ly YaCTHUIIEH U CPEZIOM B CIIOCOOHOCTH TMOISIPU30BATHCA.

PesynbTupyromuii AUMOIBHBIA MOMEHT p TOMOT€HHOM JUAJICKTPUIECKOi cepsl B AUIIEKTpUYC-
CKOI1 cpefie MOXKET OBITh 3aIlCaH Kak:

p=4n&fiG. e, (11

rae f(&,5)=[(5—& )/(Ei+24,)] — Tak Ha3piBaeMblll pakTop Kiayca Mozortu (Clausius Mosotti), & u
&) — KOMIUIEKCHBIE TUAJIEKTPUUECKUE MIOCTOSIHHBIE CPEbl M YACTHUIIBI C PaJJLyCOM # COOTBETCTBEHHO, U
E — HanpsyKeHHOCTh 3JEKTpUUEcKOoro mojis. OOBIYHO KOMIUIEKCHAs AMAJICKTPUUYECKas MOCTOSHHAs
MIPUHUMAETCS paBHOU &=¢ — 1(07 ), TIe & — pealibHast TUANCKTPUIECKasi TPOHUIIAEMOCTh, G — yIEIb-
Hasi IPOBOJAUMOCTb, @ — yTJIOBAasl YaCTOTA.

Ecmu &>& 10 f(&1,4) > 0 1 pe3yabTHPYIONINIA TUTOTBHBI MOMEHT HAaIpPaBJICH BJOJIb BEKTOPA
anekTpudeckoro nois E. B mporuBononoxxHoM ciydae, eciu £<& 1o f(&,E) <0 u pe3yabTHPYIONIHIA
JUMOJIbHBIA MOMEHT HalpaBiieH MPOTUB BEKTOpa MPUIIOKEHHOIO AeKTpudeckoro nossd. Cienyer 3a-
METUThb, 4YTO B ciy4dae co cdepoit ¢daktop Kiayca Mo30TTH OrpaHUYHMBAETCS TpeneIaMu
1>£(&1,5)>1/2, Takum 006pa3oM aOCONIIOTHAS BETUYHHA TUITOJILHOTO MOMEHTA OTPaHUYCHA.

2. Cuuibl, aeiicTByomue Ha yactuny (amdjaekrpodopes). Cuia, 1elcTByIOAs HA AUNOJIb MPHU
msnektpodopese F (puc.21), paccUUTHIBAETCS MO CIEAYIONIEMY OCHOBHOMY YPaBHEHUIO:
F=Re{(pV)E}, (12)
/i€ p — UICKYCCTBEHHBIN AUMOIbHBII MOMEHT YacTullbl, E — HaNps>KEHHOCTh JIEKTPUUECKOTO TOJIS.
st yactuiel o0beMoM V' 3Ta hopMysia MOKET OBITh TaK)Ke 3alrcaHa 4epe3 pacCUYUTaHHYIO
3 PEKTUBHYIO TOJSAPUIYIONIYIO CIIOCOOHOCTB:

F(H)= Re{Vu(EV)E}=Re{VuVE*}/2. (13)

Particle more polarisable

Dipole direction = - Diipole divection + =

Movement ——» Movement  df———a
Puc. 21. KiieTka B HEOTHOPOAHOM AJIEKTPUUECKOM TOJIE
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J11s1 TOMOT€HHOM He3apsuKeHHOU cdepbl 3 (heKTHBHAS MOISPU3YIOIIAs CIOCOOHOCTh BBIYHCIIS-
€TCs1 TIO CIIeaytomieit hopmyre:
U= f(G1,62)- (14)
Oo6wenunenue ¢popmya (12) u (13) naet xopouio 3HaKOMOE BbIpaKEHHE AJIST CUJIbI, AEHCTBYIO-
et Ha cdepy npu qudsekTpodopese:
F=2mr GRe{[(6i-&)/(G28)IVE™). (15)
WnmocTpupys BbIIIECKa3aHHOE, HAJ0 3aMETUTh, 4To (aktop Kiayca Mo30TTH MOXeET OBbITH
KaK TOJIOKUTEIBHBIM, TaK U OTPUIATEIbHBIM (WJIM UMETh HYJIEBOE 3HAUCHHE), CIEI0BATEIbHO, CHIIA,
JeMCTBYIOIAs Ha YAaCTUILy MOXKET ObITh HAIIPABJICHA 110 WU MPOTUB I'PAJUEHTA HANIPSKEHHOCTH JJIEK-
TPUYECKOTO TOJI.
3. Bpamamnoumuii MOMEHT YacTHIbI. JJeKTpoporanus. Bpamaronuii MOMEHT, JEHCTBYIO-
M Ha TUTIOJIb, OTMCHIBACTCS CIICIYIOIIUM YPAaBHEHUEM:
N=|p-E]. (16)
dopmyia MOKa3bIBAET, YTO BPAIIAIOLINI MOMEHT 3aBHCUT TOJIBKO OT BEKTOPA AJIEKTPUUYECKOTO
MOJISL ¥ HE 3aBUCHUT OT I'PAJAMEHTa HANPSHKEHHOCTH. AOCOIIOTHOE 3HAUEHUE Pa3HUIIBI (a3 MEXIy UC-
KyCCTBEHHBIM JIMIIONIEM p W BEKTOPOM HAIPSDKEHHOCTH AyeKTprueckoro nois E ompenensier abco-
JIIOTHOE 3HAYCHUE BPAIAIOIIEr0 MOMEHTA, I0CTUTasi MAKCHMyMa IpH pasnunduu $a3 B 90° 1 MUHUMY-
ma 1ipu 0°. TakuM 00pa3oM, YacTuIla, HAXOACh B POTAIIMOHHOM JIEKTPUYECKOM I0JIe, OYIeT MOBOpa-
YUBaThCs B NpoTHBOGdaze ¢ moyeM (puc.22). MoXHO MOKa3aTh, YTO BPAIIAIOUIMA MOMEHT 3aBUCHT
TOJILKO OT MHAMBIX KOMIIOHEHT JUIOJIFHOTO MOMEHTA, U, CIIEJOBATEIBHO, BpeMsi 000pOTa YaCTHIIBI C

paznycoMm r ecTh:

Mo)=—4n&rIm{f &,E) ) EX (17)

90°

180°

270°

Puc. 22. KiieTka B pOTalluOHHOM 3JIEKTPUYECKOM I10JI€

Jdmaaexkrpodopes — 0erymas BosHa. OnpeneneHrne HaBeICHHOTO AUMOJIbHOTO MOMEHTA:

pO)=p(atp Datpa., (18)
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TI€ dy, a4y, 4. — CIUHUYHbIE BEKTOPBI OCEH X, y U 7 COOTBETCTBEHHO U Py, Py, U p- — a0CONIOTHBIE BENU-
YHHBI HABEJCHHOTO JUIOJIBHOTO MOMEHTA.

[Ipu audnexkTpodopese cuna BO3ACHCTBUS AIEKTPUIECKOTO 10 B Oerymieid BoinHe (puc. 23)
BBIYHCIIACTCS 0 CIIEAYIONIeH (hopmyie:

F(f)=— 4 &P Im{f &L, E)VE? /A, (19)
rae A — IuHa BONHBI Oerymiero nonst u Im{f(&,&)} maumoe yucno ¢akropa Knayca Mozortu. Pe-
allbHBIC U MHUMBIE YacTH (akTopa Kiayca M0o30TTH IaroT KOMIIOHEHTHI, COBIAAIONINE U HE COBIIA-
naromue 1o ¢asze Tunois p(t), KOTOpelid CBOMM BpAaIllCHUEM OIpeeNaeT MOBEACHNUE YaCTHIl IPU JH-

anekTpodopese U HNSKTPOPOTANNU B Oeryiel BosiHe (puc.23).

JIeKTpoaAbI

Puc. 23. quanextpodopes — «Oeryiias 1mno BOJIHAM

Cunbl, BO3HUKAIONIME MPU JUHEHHOM IUANIEKTpodope3e, ypaBHOBEIIMBAIOTCS BA3KOCTHBIM
TopMOkeHHeM (ompenenstores mo Gopmyrne Crokca). Takum ob6pazom, JIOD B cpene ¢ BAZKOCTHIO 77,
CKOPOCTBIO 0 YaCTHUIIbI, ABMKYIIEHCS BIOJIb AIEKTPOIHOM CETKH, ompenensercs GopMyoi:

v =2n& Im{f(&,E) L EX /(3An). (20)
CKopocTh MPOIOpLIUOHANIEHA KBAIPaTy pajinyca YaCTHIIbI, KBaIPaTy HAMPSHKEHHOCTH DIIEKTPUIECKOTO
TOJIs1, ITMHE TIpo0era, BI3KOCTH cpeibl U MHUMOU YacTH ¢daktopa Kinayca MozorTu.

[IpuMeHeHne >7eKTPOIOB paznudIHbIX (HopM 3PGEeKTHBHO MPHU pa3aeiIeHUH cMecu Jactuil. Ha

puc. 24 moKa3zaHbl 3JIEKTPOIbI I TUEKTpodope3a, KOTOpbIe MPUMEHSIOTCS MIPH MCCIEA0BAHUAX U

pa3leseHnn pa3InuHbIX YacTHUI] U KJIETOK B YHUBepcuteTe [ nasro [49].

! ! L [] *
X - X4
¥
T
- X -
¥ )
E)
- X - -3 »
¥ | /\A +
a) b)
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Puc. 24 a — 3y0Ouatas, 6 — nuibyuaTas 3JIEKTPOJIHAS CETKA
DIEeKTPOAbl U3TOTaBIUBAIOTCS C marom 1—100 MkM.
IIpon3BoACTBO MUKPOIEKTPOAOB AJIS JIEKTPOKUHETUYECKUX MCCIIEIOBAHNHN BBIIOJIHIETCS
IIPU COJCHCTBUY JlenapTaMeHTa 3JIEKTPOHUKH U 3JICKTPOHHON MHXEHEPUHU MUKPO- U HAHO- TPOU3BO/I-
cTBa MHPOBOTO Kiacca [48, 49]. KomOuHnupoBanHOe mpuMeHeHHe (POTONIUTOTrpaduu U IIEKTPOHHO-
JTy4yeBOM JuTOrpaduu Mo3BOINUIIO CAENIaTh 0COOCHHBIE 3JIEKTPOHbIE CETKU pa3mepamu ot 500 HaHO-

MeTpoB 10 500 MxMm. [lnomaaes 31eKTpOJ0B MOKET JOCTUTATh HECKOJIBKUX KBAJIPATHBIX CAHTUMETPOB.

2.6. IlongepomoTopHoe aeiicTBHE BOJIH HA ''pe3oHaTOpHI"

K TpaauunoHHBIM NOHJEPOMOTOPHBIM PE30HAHCHBIM 3aJjayaM OTHOCAT MpoOJeMy pE30OHaH-
COB M MalbIX 3HaMeHartenel B HeOecHoM MexaHuke [50-52], paauanioHHbIe TOsCa TUIAHET U JUHA-
MUKY 3apsDKEHHBIX YaCTHUI[ B AJIEKTPOMArHUTHBIX MOJSIX [20-27], mpobiaeMy MeXMOJIEKYISPHBIX CHII
[53-55].

[To-BuauMoMy, BIIEpBBIE MOHAEPOMOTOPHOE PE30HAHCHOE MIEWCTBUE MPUBIEKIIO K ceOe BHU-
Manue B X VIII Beke B cBsi3u ¢ mpoOIeMoii pe30HaHCOB U MaJIbIX 3HAMEHATeNel B HeOECHOH MeXaHUKe
[51]. BbI10 3aMe4eHO MHOXECTBO COM3MEPHMBIX "PE30HAHCHBIX" COOTHOIICHUH MEXIY OpOUTaIIb-
HBIMM E€PHOJAMH IUIAHET U CIYTHHUKOB COJIHEYHOW CHUCTEMBI, MEXKIY MX BpallaTeIbHbIMU (BOKPYT
CBOUX OCEH) U OpOUTANBHBIMH BIOKCHHsIMU [51, 52].

BO3HUKHOBEHHE PE30HAHCOB MPAKTHUYECKU NPUBOAUT K HEBO3MOKHOCTH IIPEICKA3aHMsI IBO-
JIOIMU COJTHEYHOU cucteMsl [52]. He Bce erie siCHO U ¢ BBIOOPOM MCXOIHOMN (PU3UUECKON MOJIEIH ISt
ee peuieHus. [1o MHEHMIO HEKOTOPBIX aBTOPOB, CYLIECTBEHHYIO POJIb B CTAOMIM3AILMM PE30HAHCHOU
CTPYKTYPBI COJIHEYHOW CHUCTEMBI UTPAIOT MOMEHTBI KOJIMYECTBA IBHYKECHUS B3aUMOJCHCTBYIONINX TEIl
[52]. A.K. I'ynaky 4aCTH4HO yZAajoch YIPOCTUTh PELICHUE NAHHOH 3a/add HAa OCHOBE ypaBHEHUS I10-
nuauHaMudeckoro paBHoBecus [50, 56-58]. Camo ypaBHenue [58] dhakTUUYECKH MOIYICHO UM U3 CIIe-
nuduueckoro MHTErpasa ABMKCHUS I LIeHTpaibHO-cuMMeTpuuHoro nouis ([ 18], ¢.53).

HemanoBaxkHyto poiib chirpasno npeanonoxenue OBeHeHa 00 IKCTPEMaTbHOCTH PE30HAHCHBIX
COCTOSIHUH JIBUKEHUS B IPUPOJIE AJIs OObSICHEHHs PE30HAHCOB B HeOeCHOM MexaHuke [59].

B mnocnennee BpeMsi MOSBWINCH HOBBIE "pe3oHaHCHbIE" ToUkM B (pusuke. OHM BO3ZHHKIN Ha
CTBIKaX ONTUKU M (DU3MKW MAarHUTHBIX SIBJICHWH ¢ MexaHWKoH. [losBienue oqHoM (PoKycHpoBKa U
caM0(OKyCHUPOBKA aTOMHBIX B CBETOBBIX ITyYKOB, PE30HAHCHOE CBeTOBOE naBieHue [60-63]) 00y-
CJIOBJIEHO CO3/IaHUEM U IPUMEHEHHUEM Jia3epoB. Bo3HukHOBeHME Apyroi (psaa pa3po3HEHHBIX paboT
10 TIOHJEPOMOTOPHOMY JIEHCTBUIO 3JIEKTPOMArHUTHOTO TOJIS B YCJIIOBUSIX MarHUTHOIO pe30oHaHca [64-
79] n ynepKaHUIO 4aCcTHUI] ¢ MarHUTHBIM MOMeHTOM [36, 37, 80-84]) 00ycnoBiIeHO pa3BUTHEM METO-
JIOB PETUCTPALM MarHUTHOTO PE30HAHCA U PAJOM TEXHUUYECKUX NPUIIOKCHHUMN.

MouekyJsipHbie '"pe3oHaTopbl". BriepBeie euHbIN 1OAX0A K TPoOIeMe MMOHIEPOMOTOPHOTO
JIeWcTBUS BOJIH Ha pe3oHaTtopsl Obu1 npesuioxkeH I1.H. JleGeneBbiM B €ro JOKTOPCKON JUccepTalui B
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KoHIIe Tpomuwioro Beka ([53], c. 84—150). "HecmoTtpst Ha Bce paznuuue, — nucan Jlebenes, — KoTopoe
MIPEJICTABIISAIOT COOOH, MO CBOCH (PU3UUECKON MPUPOJIE, KOJIeOaHUs IICKTPOMArHUTHBIC, THIPOIUHA-
MUYECKHE, aKyCTUUECKHE, 3aKOHBI TOHAEPOMOTOPHOTO NEHCTBUS UX HA COOTBETCTBYIOIIWE pE30Ha-
TOPBI TOXKAECTBEHHBI, 3TO YKa3bIBAET HAM Ha BEPOSTHOCTh, YTO 3aKOHBI, HAMH HaiIeHHbIE, 00N IS
BCEX BO3MOXKHBIX (M €Ille HE MCCIEOBAaHHBIX HaMM) KoleOaHWH, U UX OOOCHOBAHUE HA/J0 UCKATh B
MPUYMHAX, HE 3aBUCSIIUX OT OCOOCHHOCTEN JeCcTBYIOLIEro Kojebanus U BO30YyKIaEMOr0 UM Pe30-
Haropa" ([53], ¢.89-90).

C tex nop npouuto MHoro Bpemenu. 4 suBaps 2001 roga ucnonnurces 110 et co nHa Hanuca-
Hus [1.H. JleGeneBbiM mporpamMMsl paboT 1O CYIIHOCTH MOJEKYJsIpHBIX cui ([53], c. 19). B uentpe
MIPOrpaMMBbl CTOSUI BONPOC O MEXAHUUYECKOM JIEHCTBUU BOJH Ha pe30HATOphl. "MBbI JOJKHBI YTBEp-
KIaTh, — MUCAJl OH, — YTO MEXAY JBYMS Jy4YEHCIyCKAIOIIMMHU MOJIEKYJaMH, KaKk MEXAy IByMs BUO-
paTopamu, B KOTOPBIX BO30YKIEHBI 3JEKTPOMArHUTHBIE KOIeOaHus, CYyIECTBYIOT TOHAEPOMOTOPHbIE
cunbl" ([53], ¢.85). "JlanpHeleMy X0y UCCIEIOBAaHUS MPEACTABISUIOCH ABA ITyTH: WJIU, OCTaBasICh
Ha [TOYBE 3JIEKTPOMArHUTHOM TEOPUM CBETA, MOJB3YACH JUISI ONBITOB AIEKTPOMArHUTHBIMU BOJHAMH,
HCCIIEIOBaTh 3aKOHBI COBMECTHBIX KOJIEOAHUM /BYX, a 3aT€M U HECKOJBKUX COMPSKEHHBIX CHCTEM,
MMEIOIUX COOCTBEHHBIE MEPHOIbI KOJIEOaHUIi, — BOMIPOC, B HACTOSIIEE BpeMsl OOCTOSTENLHO pa3pa-
OoraHHbId B cTaThsax KHA3s b. [ommmmua, Obepbekka u BuHa, ... Win APyrou myTh, O KOTOPOMY
BCE HCCIEIOBaHME, TaK, KaK OHO OBLIO CAENAHO IJIS DJIEKTPOMArHUTHBIX KOJICOaHWH, pactpOCTpaHs-
€TCsl Ha Pa3HOro poja KoyueOaHus, ... Mbl TEM CaMbIM pACUIMpPSEM MPUIOKHUMOCTh HAWJEHHBIX 3aKO-
HOB U Ha T€ CJIy4aH, B KOTOPHIX KaK MEXaHU3M CaMOT0 KoJieOaHwMsl, TaK U MEXaHU3M BOCTIpUHUMAIOIIIe-
ro €ro pe3oHaTopa MOKET ocTaThcsl Hem3BecTHRIM" ([53], ¢.88).

Jlebener momien 1Mo BTopoMy IyTH. B manHOW paboTe MPOCIIeKUBACTCS pa3BUTHE 00OWX Ha-
MpaBJICHUN, 1 HaMEYaroTCsl HEpelleHHbIe MPOoOJIeMbl Ha HACTOSALINII MOMEHT.

Hcropuyeckn cnoKuiaoch Tak, YTO MEPBBIMU OBUIM PACCMOTPEHBI 3a/1a4ll ¢ HEMOJBUKHBIMU
pe30HATOpaMH U C pe30HATOpPaMH C HEM3MEHHOU yactoToi [4, 53]. Ilo3aHee ObLT paccMOTpEH psij 3a-
Jla4 ¢ TOJBUKHBIMU PE30HATOPAMM, YACTOTa KOTOPHIX U3MEHSUIACh NP UX IEPEMEILEHUSAX U IOBO-
potax [74—84].

B ocHOBHOM B paccCMOTpPEHHBIX paboTax aHAIM3MPOBAIUCH CIydau, KOT/Ia pa3Mephbl pPe30oHa-
TOpPBbl MHOTO MEHBIIIE JJIMHBI BOJIHBI U JIMIIb B HEKOTOPBIX [53, 85, 86] ¢ pazMepamu cpaBHUMBIMH.

Pa6otsl I1.H. JleGeneBa no noHaepoMoTOPHOMY J€HCTBHI0O BOJH HA Pe30HATOPbI. 3aKOHBI
noHaepoMoTopHbIX cui onucanbl [1.H. JleOGeneBbiM B €ro TOKTOPCKOM nuccepTanuu "IKCIepuMeH-
TaJbHOE UCCIIEOBAHKNE MOHAEPOMOTOPHOTO AeicTBUs BOJIH Ha pe3oHaTopsl” ([53], c. 84-150). B ka-
YeCcTBE 3JEKTPOMAarHUTHBIX pe30HATOpoB JlebeneB ncnonbp30Baa KOHTYPHI, MOJABEIICHHbIE HA TOPCH-

OHHBIX Becax (puc. 25).
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Puc. 25. a) MarHUTHBINA pe3oHATOP, 0) MEKTPUUECKHUIA PE30HATOP

HcTouHnkoM 37€KTpOMarHUTHBIX BOJIH CIY»Kui usnydatens ['epra. [lepenocs uccnenoBanus
Ha KoJieOaHUs, OTIIMYHBIE TI0 CBOEH (U3NYECKOM Tpupoie (ANMEKTPOAUHAMUYECKUE, TUAPOJAUHAMUYE-
CKHC, aKyCTI/I‘-IeCKI/IC), He6e;[eB Hamel MOJHYH TOXIACCTBCHHOCTb UX HeﬁCTBHH Ha COOTBCTCTBYIOIUC
pe3oHatopsl. "I 1aBHBIA MHTEpPEC MCCIEAOBAHUSA, — OTMEYAN OH, — JIEKUT B MPUHIMUIHAIBHON BO3-
MOXHOCTH PacIpOCTPaHUTh HAWJEHHBIC 3aKOHHI ... HA MeXMOJIEKYIsapHbIe crtbl” ([53], ¢.150).

HccnenoBanus, mpoBeeHHbIE UM, IPUBENIN K BBIBOAY, UYTO B OOIIEM cllydyae Ha pe30HATOp
NEICTBYET J1Ba TUIIA CUJI, HE3aBUCUMBIX Apyr oOT Apyra. C 0IHOI CTOPOHBI — 3TO BpalllaTEIbHbIE CHU-
JIBI, @ C APYTOM — CHUJIBI TaBJICHUS, CTPEMSIIUE TIEPEMECTUTh PE30HATOP B HAIPABJICHUH PACIPOCTpa-
HEHUS BOJIHBI.

n

W3 pe3ynbpTaToB HaOMIONEHUI W pacueToB MO BpallleHUIO cieaoBaio, 4to " ... 1) Ilnockas
BOJIHA BpAIlaeT PE30HATOP TaKUM 00pa3oM, YTOOBI OTBEPCTHE €ro COBIAJIO C TUIOCKOCTHIO BOJHBI H,
CJIEIOBATENbHO, BO30YK/IEHUE €T0 YBEJIMUUIIOCh, €CJIM PE30HATOP HACTPOEH BHINIC, M BPAIA€T €0 B
00paTHYIO CTOPOHY, €CITi OH HaCTPOCH HUXKe. 2) MaKCUMyMBI 3TUX MPOTHBOTIOIOXKHBIX JCHCTBUMN Jie-
kaT BONMM3M pe3onanca". Jlasee Ha ocHOBaHWU pacueToB JleOGener momyuun Gopmyiy it MOMEHTa
CHJI, IEUCTBYIOIIETO Ha PE30HATOP ¢ COOCTBEHHOM YaCTOTON @y U C 3aTyXaHHEM ()

N=— (a0 @) W o-axn)/[ 0 H @ )], Npa= — (02 0,)W, 21)

I7Ie @ — 4acToTa BOJIHBI, W — sHeprus 3amnacennas pesonaropom ([53], c. 110, 131).
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Puc. 26. YacToTHast 3aBUCUMOCTD «BPALLATENIBbHBIX CUID)
IS PE30HATOPOB C PA3IMYHBIM BPEMEHEM 3aTyXaHus 1/,

Halmronenus ke 1Mo OTTaIKUBaHHUIO MPUBENH K BhIBOMY, 4To " ... 1) [1nockas BosHa, manato-
asi Ha Pe30HaToOpP, CTPEMUTCS] YBECTH €r0 B HANpaBJICHUM JABUKECHUS, T.€. HCTOYHUK 3ByKa IPOU3BO-
IUT OTTAJKWBaHUE pe3oHaTopa. 2) DTO JAaBJICHUE TIIOCKOW BOJHBI Ha PE30HATOP AOCTHTaeT MaKCH-
MyMa IpH MIOJTHOM pPEe30HAHCe U MPHU Mepexojie Yepe3 Hero He MeHseT 3Haka'". Brerunciennas Jlebene-
BBIM CHJIA JIaBIICHHS, ACHCTBYIOMIAs HA PE30HATOP, PAaBHACTCS:

F=N=— (0l o)W & & [[( a0+ 0"~ ) +4 0, @], Fama=(@/4 o)W 22
pi (o o)W & & [(n™+ @0~ ) +4 @, @], Fyna=(0l4 o)W, (22)

rae W' nponopuroHaibHa MaJaroniel B §UHUILY BPEMEHHU Ha pe30HaTOp dHepruu (puc.27).

(tl.!—l'.l.!u
@y )
Puc. 27. T'paduiku 3aBUCUMOCTH CHIT IABJICHHSI OT PACCTPONKHU IO 4aCTOTE
MIPU Pa3IMYHBIX BpeMEeHaX 3aTyxaHus 1/,

B 3akmouenue JlebeneB ormeuan, uto " ... CHIIBI IaBIIGHUS MOTYT OBITh BBIBEICHBI M3 pac-
CMOTPEHHUS] TMPOCTPAHCTBEHHOT'O paclpeeNieHuss CHJI BOKPYT PE30HATOpa M COOTBETCTBYIOIIETO
BO30YKIEHUS pe3oHaTOpa HJs KaXJI0ro JAaHHOTO MOMEHTA, & CHIIBI BPAIIEHUS TOJYUHSIOTCS OIHUM
3aKOHAM KakK B HEMOCPEICTBEHHOW OJIM30CTH ¢ UCTOYHHUKOM KOJieOaHUH, TaK U Ha OOJBIIIOM PacCTOs-
Hun" ([53], c.147).

Janbueiime onbIThl JleGeneBa Mo CBETOBOMY JaBICHUIO Ha TBEpAbIE Tela U Ta3bl, MarHU-
TOMETPUYECKHE HCCICIOBaHMs MPUYUH OOpa30BaHUS MATHUTHBIX TMOJIEH BOKPYT BpAIAIONIUXCS
Tea BCe ONMKe MOABOAMIM K pas3rajke MPUPOJIbl MEXXMOJEKYISIPHBIX cui [S3].

Pe3onancHoe cBeToBoe naBJjeHue. Paboter I1.H. Jle6eneBa BHOB npuBIekn kK ceOe¢ BHIMa-
HUE B CBSI3U C TIOSIBIICHUEM JIa3epOB M U3yUEHUEM PE30HAHCHOTO CBETOBOTO naBieHus [61]. Peso-
HAaHCHOE CBETOBOE JaBJICHHWE 00YCIIOBJICHO JICWCTBUEM MOHOXPOMATHUECKOTO U3TYUSHHS Jlazepa Ha
Pa3psOKEHHBIN Ta3 PE30HAHCHBIX aTOMOB. B mosie cTosiueil BOJHBI, CUjia, IEUCTBYIOIIAs HA Pe30HAHC-

Hblif aToM, opsika 10° 9B/cM, B moute Geryrmeii Boust 107 9B/cM.
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OOBIYHO TIPU pacyeTe CHII CBETOBOTO JABJICHUS MPEHEOPETal0T H3MEHEHHUEM UHIYITUPOBAHHOTO JIH-
MOJILHOTO MOMEHTa aroMa P, mpu ero mepeMenieHus X B moJie, ¥ T03TOMY BEITUYHHA CHIIBI OTIPE/IEIIs-
etcst o popmye [61]:

Fi= POEOx;, (23)
B none 6erymeii Bonubl [61]:

F=2(al ) (V o2 lc) o [(an—a-wvle)+ o +2 o], (24)
rae @ =PE/h — 4acToTa BbIHYKJACHHBIX NIEPEXOJ0B, @, — €CTECTBEHHAs IIMPUHA JTUHHUH, U — CKOPOCTh
aToMa. B mone crostuelt BOJHBI CHIIA SBISETCS TPaECHTHOM:

Fi=—0U/ox;, (25)
3aBUCHUT OT (pa3bl BOJHBI M OCHWJITUPYET ¢ ieprojom A/2 [61].

BriepBbie BO3MOXXHOCTH (DOKYCUPOBKH (00KaTHsl) aTOMHOTO Iy4Ka C MOMOIIBIO MOMEPEeYHO-
HEOJHOPOJHOTO PE30HAHCHOT'O CBETOBOTO MOJIsl, COOCHOTO € IMyYKOM JIa3€pHOr0 Jiy4ya, TEOPETHUYECKU
obocHoBan AckapbsH [60]. DkcnepumeHTabHO ee HaOmomanu aBTopel [87]. COOTBETCTBYIOIIHE
(dbopMyIBI Ui CHUJIBI, JEUCTBYIOIIEH Ha aTOMBI, TIOCJE YCTaHOBJICHHUS PAaBHOBECHOTO COCTOSIHHSI CHC-
TEMBI TI0JIe — aTOMBI 3a BpeMs pernakcauuu ~1/@,, umeror Bup [60, 62]:

F=F\+F,, (26)
rae
Fi= (o @) (DoP*E*/ hic){ o nl[(an—wtkv)y+o +aE* 0.1},
Fo= (0 @) [DoPagradrE* /(21 )] {/[( otk )/ [( etk vy + o+ aE* 0]},
u n=1, n 1Tk, k — BonHOBOI BEKTOP, Dy — pa3HOCTh HACEJIEHHOCTEW B HYJEBOM IOJIE, & — MapameTp
HacsIeHus (cpaBHuM ¢ popmynamu [53]). [loznnee KnumontoBuy u Jly3run [62] mokaszanu BO3MOX-
HOCTHh COBMECTHOU CaMO(OKYCHPOBKH aTOMHOTO U CBETOBOT'O IYYKOB.

Pe3onancHoe cBETOBOE JABJICHHE HAIUIO IMIMPOKOE MPAKTHUYECKOE MPUMEHEHUE ISl OXJIaX-
JICHUSI M YCKOPEHHUS aTOMOB, pa3le€HUs HU30TOIMOB, YIEpPKAHMS OTACJIbHBIX YaCTHUIl U T.1. [61, 7].

IlonnepoMoTopHoOe eiicTBHE BOJIH Ha 00pa3lbl B YCJIOBHSIX MATHUTHOTO pe3oHaHca. B
CBOE BpeMsl MOSBUIICS LENBIN P Pa3pO3HEHHBIX PA0OT IO HETPATUIIMOHHBIM METOJIaM MAarHUTHOTO
pe3oHaHca — NpsAMbIM [64—69]. B 0OBIYHBIX METO/aX PETUCTPALIUS CIEKTPOB BEAETCS 10 U3MEHEHUIO
rapaMeTpoB JIEKTPOMArHUTHOTO TOJISA, IEHCTBYIOIIETo Ha o0pa3ell Mmpu pe3oHaHce. B mpsambix — cam
oOpasel UCIOJIb3yeTCsl B KaUueCTBE JETEKTOpa, U MOITOMY OHHM HE HMCIBITHIBAIOT T€X OTpaHUYEHUIl B
YyBCTBUTEIHHOCTH, KOTOpbIE MPHUCYIIX OOBIYHBIM. Kak mpaBuio, mpsMble METOIbI OCHOBAaHBI Ha
pETHUCTpalK YHEPTUH, UMITYJIbCA 1 MOMEHTA UMITYJIbCA, MEepeIaBaeMbIX 00pa3ily OT AJIEKTPOMarHuT-
HOTO 1oIsl. I3MEeHEeHHe SHepruu 00pasia B pe3yJsIbTaTe JAUCCUTIAINN CITMHOBOW SHEPTUU MPUBOINUT K
yBeJIMUEHUIO ero Temieparypsl [88—90]. Ilepenaya xe uMIybca 1 MOMEHTA UMITYJIbCA BEILIECTBY CO
CTOPOHBI TOJISI TIPH PE30HAHCE, a TaK)Ke 3aBUCMMOCTb YHEPTUHM 00pasiia 0T MPOCTPAHCTBEHHBIX KOOP-
JTUHAT B HEOJAHOPOIHBIX IMOJISAX, JTUO0 €€ 3aBUCUMOCTh OT OPHEHTALMU 00pa3ia, MPHUBOJSAT K BO3HUK-

HOBEHHUIO TOHJEPOMOTOPHBIX cuil [64, 70—72] u momeHTOB cuil [65—69, 76—78].
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BnepBrie BOZBHUKHOBEHHE CHJIBI B YCIOBHUAX SIIEPHOTO MAarHUTHOTO pe3oHaHca (s.M.p.) ObUIO
yareno S.I'. opbmanom B 1947 rony [64]. OH mpenioKun HOBBIA OPUTHHAIBHBIA METO]] pETHCTpa-
LIMA MarHUTHOro pe3oHaHca. CyTh METO/A 3aKiIr0OYanach B ciaeAyromeM. M3ydyaemoe BEneCTBO MoMe-
IAJI0Ch HA YAIIKWA KPYTUJIbHBIX BECOB, HAXOASIINUXCA B OJUHAKOBO HEOJHOPOJHOM MarHMTHOM IOJIE
H, (Ho>>>Hoy0y). B cuny cummerpun mons Bechl OyyT HaXoAuTbes B paBHOBecuu. Eciu sxe Ha of-
HOM KOHIIE BECOB CO3/1aTh PE30HAHCHBIE YCIOBUS, TO AJIEPHBIE MOMEHTHI HAUHYT MPELECCUPOBATh BO-
kpyr H, 1 BeITayT U3 cyMMapHOW HaMmarHudeHHoct M. B pesynbrare Ha Bechl OyAeT AeHCTBOBAThH
cuna:

AF'=(Moy—M,.) VdH,/dx;, (27)
rae V — o0beM BeliecTBa, HAXOASIIETOCs B YCIOBHAX pe3oHaHca, My; — HAMarHMYeHHOCTh HACBHIIIIE-
uust. Ee makcumansroe 3uauenne AFS,.=M,,VdH,/dx;. Mertox JopdbMaHna Mo3BOJISET U3MEPATh HE
TOJILKO THPOMAarHuTHOE OTHOUICHHE Y, IUPUHY JTUHUH 2AH, HO 1 aOCONMIOTHOE 3HaYEHHE MAarHUTHOTO
MOMEHTa M. DKCIepuMeHTanbHo MeToA JlopdmaHa He ObLT MPOBEPEH BBUAY MAJOCTU BEIUYUHBI Moy
U S.M.D.

B ycnoBusix peppomarautHoro pezonanca (¢.M.p.) AeCTBUE HOHAESPOMOTOPHOM CHUJIBI Ha 00-
pasenr ~ (27) BuepBsie, mo-BuauMomy, 0bi10 yureHo B.E. [lanmpo [71, 72]. Ee BenuunHa B yCIOBUIX
(.M.p. Ha HECKOJILKO TTOPSIKOB TIpeBHIIacT AF, A 3a cuer Gonpmeit Bemmanabl M IS (dbeppomarueTu-
KOB.

[Toznuee @.P. MoprenTamiep, Ha OCHOBE TEH30pa 3HEpruu-uMIyJibca [73], mpenckasan cyuie-
CTBOBaHHE HOBBIX KOMIIOHEHT MOHAEPOMOTOPHON CHUJIBI, ACUCTBYIONIECH Ha (peppoOMarHeTHK Mpu pe3o-
HaHCe:

AFM=K, (8TTyH,AH)dH,/dx;, (28)
rane K\=K,(Ho,AH,V,dHy/dx;)~1 — Hexotopsii ko3ddurnment, (SI1 — MomHOCTh, TOTIONIaeMast CIIuH -
cucteMoit. JIoBOJIbHO MPOCTO MOKa3aTh, yTo SII~(M—M.)VyHyAH u, cnenoBarenbHO, AF, I-M;AF Z-H.

OOMeH yTJIOBBIM MOMEHTOM B IPOIIeccax B3aMMOACHCTBHS PE30HAHCHOTO JIEKTPOMArHUTHOTO
0JI 1 BEUIECTBa NMPUBOJUT K BOSHUKHOBEHHIO MOMEHTa CHJI, JIEHUCTBYIOIIEro Ha obpasel. Brepsrie
MTOH/IEPOMOTOPHBIH MOMEHT CHUJI B YCIIOBUSIX 3JIEKTPOHHOTO MapaMarHUTHOTO PEe30HaHCa HaOI0IaIu
Aunb3erta u ['o3unu [65, 66].

MeTton perucrpanyy o yrioBoMy MOMEHTY I10 CBOEH UyBCTBUTEIBHOCTHU MU H.y. (HOpMaJlb-
HBIE yCIIOBUS) HE YCTYMaeT OOBIYHBIM, @ B OOJACTH HU3KUX YaCTOT (0<2710° T'm) CYLIECTBEHHO Mpe-
BOCXOMT.

B03MOXHOCTE perucTpaliy MarHUTHOI'O pe30HaHCa 0 MOMEHTY CHJI B MIPHUHIIMIIE CIEAYET U3
JKCTIepUMEHTa DWHINTeHHA — Ae ['aa3a (rupomarHUTHBIA 3(PQeKT) u sBisieTcss ero aHajorom [68].
CyTb 3¢ dekra 3akmovaercss B cienyromem: geppomarsetuk [91] wim napamarsetuk [92-94] mnon-
BEILIMBAETCS HA KBapLIEBOM HUTHU U MIOMEIIAETCS B IOCTOSIHHOE MAarHUTHOE I10JI€, TapaJlJIeIbHOE HUTH.

[Tocite OBICTPOTO BBIKIIIOUEHUS TOJIS HAOJFOaeTcsl BpameHne obpasma. CruHOBas cuctemMa B IIO-
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CTOSSHHOM MAarHUTHOM IIOJi€ MPHUOOpPETaeT MaKpPOCKONMMYECKUII MarHUTHbIM MoMeHT. [locpencTBom
MPOLECCOB CIIMHOBOW pEeJIaKCalluM 3a BpeMs pefakcaluuud 17 MPOTUBOIOIOKHBIM MEXaHWYECKUN MO-

MEHT NPUOOpETaAET pelIeTKa:

L=(M,Vly), (29)
rae V' — o0bvem ob6paszna. MOMEHT cuil, JEHCTBYIOMINI 3a 3TO BpeMst
N=(MoVIyTy), (30)
MIPOU3BOJUT YIJIIOBOE OTKIOHEHUE
=210, (T1/To), (31)

rae Tp — mepuo TOPCUOHHOTO MAasiTHUKA, 6h — YIIOBOE OTKIOHEHHE NPU HEMPEPHIBHOM ACHCTBUU
N.
Benuuraa MOMEHTa CHJI B HETIPEPHIBHOM PEXXHUME HAKauKu ompezensercs no gopmye [69]:
N=8IT/ a=(MoVIyT)) (7 T TH)/(1+ P T Lo H * HA 0 T2)?), (32)
rae 11, — BpeMs MONEPEYHON U MPOAOJIBHOM penakcanuu, /1, — aMintyaa nosis Hakadky. Ilone Ha-
KaukH JEWCTBYeT Ha oOpasell MOCTOSIHHO, [MO3TOMY BpallleHue, MPOM3BOJUMOE MapaMarHUTHBIM IO-
riowenneM, B To/(2wTy) pa3 Gomsime (10° [68]), weMm B ciyuae rupomarsuTHOro 3ddexra. Boum
MIPeIOKEHbl Pa3NuyHble MOIU(UKAIMY METOJAa PErucTpaliy 10 MOMEHTY CHJI C HCIOJIb30BaHHEM
KpYyTHJIBHBIX BECOB Ha KBapiieBod HUTH. Kak okaszanock, perucrpaiysi MarHUTHOTO pPE30HaHca IO
MOMEHTY cuil i1 nonukpucraioB @I npu koMHaTHBIX Temneparypax [58] 1o cBoeil yyBCTBU-
TEJBHOCTH HE YCTYIAET IIUPOKO PaCHPOCTPAHEHHBIM CHEKTPOMETPaM 3.I.p. (3JIEKTPOHHOTO Iapamar-
HUTHOTO PE30HaHCa) B JUamna3oHe C.B.4. yacToT. OJHAKO OTHOUIEHHE CUTHAJ/IIYM B METO/E PETUCT-
PN IO MOMEHTY CHJI JTHHEIHO 3aBHCHT OT ®, TOT/A KAK B 3.ILP. CIIEKTpOMETpax . I103ToMy Me-
XaHUYeCKUi Meto Oosee yao0eH sl Hu3kuX yactoT. Yxke mpu 10 MI'1 ero 4yBCTBUTENBHOCTH BbI-
11e, 4eM Y OOBIUYHBIX CIICKTPOMETPOB.

MeTton peructpauuu o MOMEHTY CHJI OKa3ajcs 6osee yA00HbIM U TP UCCIEAOBAHUU HEIH-
HeWHBIX 3P deKkToB B 001aCTH MaNbIX mojei Hy, OONbIIMX ypOBHEW MONTHOCTH HAKAYKU U B CJIydae
3HAYUTENBHBIX JUAJIEKTPUUYECKUX ToTeph [68, 69]. Moaudukaius 3Toro Meroaa ¢ y4eToM HeJTMHEeH-
HBIX 3()QeKTOB, THIA TMOSBICHUS MOMEPEUYHBIX KOMIIOHEHT CTATUYECKON HAMarHUYEHHOCTHU TPHU PE30-
HAHCE, pacIIupsieT €ro BO3MOXXKHOCTHM Ha  CiIy4aid  OOJBIIMX BpPEMEH pellaKcallud, TaK Kak
N~MyHo(T1/T>) [69].

CymiecTByIOT pa3InyHbie MOIU(DHUKAIIMKA JAHHOTO METOJa Ha OCHOBE TOPCHOHHBIX BECOB [69,
70]. B ogHOM citydae (cTaTU4ecKoM) U3MEpPSIETCs YToll MOBOpOTa oOpasiia Kak 1eJoro npu aanadaTH-
YECKOM MPOXO0KJACHUH JIMHUA MarHUTHOTO PE30HAHCa IO MOJIIO,

G=N/A, (33)

3J€Ch A — xoHCTaHTa KPYUYCHUA HUTHU IMOABECA.
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Bo BTOpoM ciywae noGasisiercst Momyssinus H; mpsMOYTONBHBIMA MMITYJIBCAMH C YacTOTOM,
paBHOﬁ YaCTOTC KPYTUIBHOI0O MasATHUKA JIA CO3AaHUA PCIKHMaA BBIHYKIACHHBIX KOJ'IG63HPII>1, IIpu KO-
TOPOM:

6= — (4Q.NIAT)cos(2t), Q=(All @)""?, (34)
rae [ — MOMeHT uHepuuu, O, — MexaHuueckas JOOPOTHOCTb CUCTEMBI, @, — 3aTyXaHUE MasTHHKA.

B Tpethem ciydae Kk JTMHEWHOW pa3BEpTKE IO MO0 Hy m1o0aBiseTcs Maias aMILTUTyIHAsE MO-
nynsuust OHy ¢ gactotoit £, WH <<(TT>) -V 2, COOTBETCTBEHHO:

0= — (Q/A)[dN(Ho)/dHo]cos(£2t). (35)
OTHOIIEHUE CUTHAJI/IITYM MTPH UCTIONB30BaHUM (Pa30BOTO NETEKTOpA C IUPUHON AL)) HA YACTOTE Kpy-
TUJILHOTO MasiTHUKA {2 JJIsi BTOPOTO M TPETHETO CIIy4aeB COCTABISIET [69]:
R=4N(Q£2/KTA21AL)">. (36)

OTtHolIeHnE CI/IFHaJ'I/ IyM JJid I€pBOTO Ciiydas MOKHO YJIYUYIOWUTb A0 BEJIWMYHHBI:

R=4N(nQc{2/2KTAAD)"?, (37)
rae AL2— monoca MpoIyCKaHuss HU3KOYaCTOTHOTO (PHIIbTpa PeoOpa3oBaTelisi HOCTOSTHHOTO HAIpsiKe-

HUSA B IICPEMCHHOC 1 JAJICC BHOBL B ITOCTOAHHOC.

3. [TapaMeTpHryecKuii pe30HAHC B HEJIMHEHHBIX CHCTEMAaX

3.1. IIpocToii MmeToa pacuyera AJsl HeJIMHEHHBIX JHHAMUYECKUX CUCTEM

Pa6oTbl o co3gaHuIo JOBYIIEK U1 MaKpO- M MUKPOYACTUI PA3JIMYHOTO TUMA (BKJIIOYAsl KIeT-
KH, DJIGKTPOHBI, HOHBI, aTOMbI U MOJIEKYJIbl) JIa)Ke B MEPBOM MPUOIMKEHUN HATAJIKHUBAIOTCS HA CEPb-
€3Hble MaTeMaTHYecKue U Qu3andeckue TpyaHoctu. Mcxomnoe MmoaensHoe ypaBHeHue (1) mist momo6-
HOTO KJIacca 3a/1a4u PEIIeHO JIUIIb JIJIS OT/IEIbHBIX YACTHBIX CITy4YaeB.

[Ipu manbIx yrimax oTkiIoHeHUs x U &;=0 ypaBHeHue (1) MPUBOAUTCS K XOPOIIO U3BECTHOMY
ypaBHEHHUIO MaTbe, KOTOPOE JIOMyCKAET yCTOMUMUBOE COCTOSIHUE TIEPEBEPHYTOTO MASITHUKA U CO3/ITaHUE
noByek (&<0, £1#0) BHE 30HBI MTApAMETPUIECKOTO pe3oHaHca [21-27].

B 1982 romy aBTOphI [S] HA OCHOBE YMCIEHHOTO MOJICIHUPOBAHMS OOHAPYKUJIH yCTOWYHBHIC
napamMeTpuiecku BO30YyKICHHBIE KOJIeOaHMs MEepeBEepHYTOro MasTHHKA B 30HE pe3oHaHca. [lo3gHee
[5, 11] ObulM MOMyYeHBI COOTBETCTBYIOIINE 3aBUCUMOCTH aMIUIUTYJ KoneOaHuil oT &, &. [loMmumo
MIEPEUNCIICHHBIX OBLJIO PACCMOTPEHO MHOXKECTBO JPYTUX HETPUBHAIBHBIX PEUICHHI: KoIeOaTeabHbIX,
KojebaTenbHO-BpalaTeNbHbIX [5, 6, 11, 16, 17]; Bo3HukHOBeHHE xaoca [5, 12, 15] u 1. a. Ilouck pe-
menuit (1), kak mpaBuIIo, IS pa3IMYHBIX CITy4aeB BEJICS C UCTIOIB30BAaHUEM PA3IMYHBIX MeTOI0B (Ye-
3apu [8, 9], KpeutoBa-boromo6osa [5, 16], uepe3 nepemennsie aeiictBue-yron [12] u 1. 1. [3, 109,
110]) ¢ paznmokeHueM sin X, COs X B psAJ MO CTENEHSIM MallocTH X. Takoe pazHooOpa3ne METOA0B 3a-
TPYIHSUIO CIIMBKY YaCTHBIX PEIICHUN, HHTEPIIPETAIMIO TIOTYyUYEHHBIX PE3yJIbTATOB M IOHUMAaHUE MPH-

YUH BOSHHUKHOBCHHS Xaoca, OudypKauil B CHCTeMax, ONMUCBIBAEMBIX ypaBHeHUsIMH TUTIA (1).
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[Toatomy, yunTsiBas 1Ba nonoxkenus [lyankape [111, c. 75] o Tom, uToO:

@ "[MePUOIUICCKIE PEIICHHS SIBJISIFOTCSI ¢IMHCTBEHHOUW OpeIibio, yepe3 KOTOPYI0 MBI MOTIIH ObI
MOMBITATHCS] IPOHUKHYTH B 00J1aCTh, CYUMTABIIYIOCS HEIOCTYITHOM'";

(II) "mepuoamueckoe peHIeHUE MOXKET UCUE3HYTh, JUIIb CIUBIINCH C IPYTUM MEPUOJIUYECKUM pe-
meHneM (TIepuoINYECKUE PEIICHUs UCUE3al0T MapaMu MOJ00HO JeHCTBUTEILHBIM KOPHSIM aJi-
re0pandeckux ypaBHEHUH)";

Bocronb3yemcst 00606menreM [112—114] coOTBETCTBYIONMUX METOIOB /IS HAXOXKIEHUS U MCCIIEI0Ba-

HUS HA YCTOMYMBOCTH NEPUOANUYECKUX perneHui (1) mo KpuTuueckuM ToukaMm QpyHKIuu aeicTus [59,

111, 115-117, 120].

Jist aToro nepenuiem ypaBuenue (1) B narpasxeBoit popme:

d(0L/0x")/dt — OL/Ox=— OF/ox', (38)

rre
L=T-U, T=x"12, F=¢,x"*/2, (39)
U=— (& t&icos 7) cos x — & cos(7+ @) sin x. (40)

B ob6mem cirydae x moxkeT ObiTh BekTopoMm u U=U(x,7). Bynem uckats pemenue (38) BOMM3H

NEpUOANYCCKOro pClICHNA Ha YaCTOTC & B BUAC psAaa:

x=xot Z [xncos(nat)+(y,/n) sin(nart)], (41)
il

TJ€ X0, Xn, Vy B 00IIEM ciyuae f{ 7).
YuuteiBas 3aBUCUMOCTD X, X' =f(Xk, Vk, Xk', Vk), MOKHO TIOMYYUTh B MPUOIMKECHUH MEIJICHHO

MCHAKOUINXCS aMIUIUTY [ 3a ICPHUOL 21/a CJICAYOIUC YKOPOYCHHBIC YPABHCHUS:

Xy = — oS/ 6yk — OR/ 6xk, yk'E oS/ an — OR/ a)/k, (42)
rae yrk=xo', k=1,2,...,0mu
2o
S=s—y’,  s=<L>=(0/27) j Ldz, (43)
0
R~(e/2) [yo™+ (112) 2, L9, 7] (44)
n=l

[Tpu BeIBOAE (42) OBLIM yYTEHBI (POPMYIIBIL:

<OL/0x,> = <[(OL/0x)cos(nar) + (OL/0x")(d (cos(na1))/d7)]>, (45)
<OL/0y,> = <[(1/na)(0L/0x)sin(nat) + (OL/ox")(d(sin(na1))/d7)]>, (46)
<OL/Oxp> = <OL/0x>, <OL/Oyy>= <OL/Ox">, 47)

x" = x" +Z [y, — na’x,) cos(nar) — na(2x,' + y,) sin(na)],  (48)
e

U YCIIOBHS 3KCTpeMaJbHOCTH (yHKUMHU AeiictBus (38). B mepemeHHbIX aMIuuTyna-(as3a ypaBHEHHUS

(42) mpumyT BUA:
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w,'= (1/nar,) 0S/0r,,  r,)= (1/nowr,) 0S/0yy, — (e/2)rp, (49)

rae
Xp =7y COS Wy,  Vu/ ROLZ Py SIN U, (50)
x= x0+2[ r, cos (nat— y). (51)

=
B nepeMeHHBIX nelCTBUE-YTOI:

W' = 08I0y,  yn'= OSIOWw— & Yn, (52)

rae
x=x0+z [ Qyuna)'? cos (nar— ). (53)

n=l

HerpyaHo nokasatb, uto B iepBoM npubnmxennn meto KpeutoBa-boromtobosa ([16], §14) u
MeTol S-pyHKIHMH Mpu n=1 TPUBOAAT K OAMHAKOBBIM YKOPOUYECHHBIM ypaBHEHUSM I 1 U Y. s
3TOTO JOCTATOYHO MOACTaBUTH (42) B (51) u yuects paBeHcTBa <0U/Or,> = < (0U/0x))cos (at — y1)>,
<oU/Oy> = < (0U/0x))sin (at — y1)>. COOTBETCTBYIOIIUM TapaMETPOM MaJOCTH B 00OMX CIydasx
OyJIleT sSBIATHCSI OTHOCUTENBHAsS paccTpoiika o yactore ([16], ¢. 170).
VYyuiieHHoe mepBoe MpUOIIKEHUE, aHaoTuYHoe [16], MOXKHO MONY4YUTh U3 YCIOBHS PaB-
HoBecHs 05/0x, = 0S/0y, = 0 pu £=0:
08/0xy, Oy, = 0<T>/0x,,0v, — O<U>/0x,,0y, = 0. (54)
[Toncrasmss (39), (41) B (54), momydum:

2ra

xp = 1(nn*o) _[ oU/0x cos(nat) dr,
0

2ra
= l(nn*a) _[ oU/dx sin(nat) dr, (55)
0

TJIe B IEPBOM MPHUOIMKEHUN X = Xo+x1c0s (at)+(yi/a) sin (o).
3.2. O masTHuke I1.JI. Kanuubl BHe ¥ B 30He NapaMeTPUYECKOI0 Pe30HaHCca

Bepnemcs k ypaBaenuto (1), Oyznem uckate perienue B Buze (49), UCIONb3ys MpeCTaBlIeHHE

cos x =Re [exp (ix)] u hopmyisr (39) u [121]:

+00
exp[ir, cos (nart— y,)] = ZJkn(rn) exp [ik,(nat+ /2 — w,)], (56)

K=o

MOJIyYUM:
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+00 +00

0 +1 ['e]

SZanazrnzM — o2+ (1/2) Z ijn(rn) Z g6 (1+685 )cos[xo+ an(n/Z— 55 vn) -
™= k],kz,..:_oo I’Fl ——] anna =

-8, (n/2 29)], (57)

rae Jk,(r,) — bynkimu Beccens, 8"g — cumBoa Kposekepa.

3adacTyro, Kak MOKa3bIBAET OMbIT, JOCTATOYHO OIPAHUUNTHCS BKIAIOM B S (57) OT HECKOIBKHUX
ClIaraeéMbIX, B YaCTHOCTH OT #=1. DTOro ObIBAET BIIOJIHE JOCTATOYHO JJISl MPAKTUYECKUX PacUyeToB 0e3
CYIIECTBEHHOU MOTepu TOUHOCTH [83], Tak Kak psif (57) OBICTPO CXOAUTCS M3-32 U3BECTHOTO CBOWCTBA
¢bynkiuit beccenst OpIcTpO yOBIBATE C POCTOM MHJIEKCA TPU (PUKCUPOBAHHOM 3HAYCHHUH apTyMEHTA 7.
B ob6mem cinyuae U=U (x, 7) u cxogumocTh psifa (41) OyaeT onpenensiTbess OrpaHuYEeHHOCTHIO (QyHK-
AN, CTOSIIIKMX O MHTETpanaMu (55).

[Touck nmepuoanueckux pemnieHuil ypasuenuii tuna (1), kak ciaeayer u3 (42, 49, 52), npu &=0
CBOJUTCS K OTBICKAaHHUIO U MCCJIECIOBAHUIO Ha YCTOWYMBOCTh KPUTHUYECKUX TOUEK (57) 1O 7, Wy, THOO
Xm l//n s Xns Yn, 1 X0, 0.

PaccmoTpum pasnuuanbie cirydaun pemienuit (1). B nanbonee mpoctom cirydae MaTeMaTHUECKOTO
MasiTHUKa 0e3 yueTa TpeHHs U BUOpauuii pe3ynbraThl BeranciaeHuit (49) mo S (57) ¢ n=1

S= [or*/4 — yo°/2 + g0Jo(r1) cos Xol, (58)

CBUJCTENHCTBYET O BIIOJIHE YAOBIETBOPUTENHbHON TOYHOCTU. OTHOCUTENbHAS MOTPEIIHOCTh MPUOIH-
YKEHUS M0 7| IaXKE MPH yriaxX OTKIOHEHUS! MAasTHUKA X ~ 160° e npesbiaer 5,5 % (c. 55, [16]).

Brenenue npooibHON BHOpaIu, Kak CIeIyeT U3

S= [Pri/4 - o’ 12 + &Jo(r1) cos xotedy(r1) cos(xotn/2a) cos (wila)],  (59)

u (49), npUBOIUT K MOSBJIEHUIO ABYX THIIOB KPUTHUECKHUX TOUYEK. [IepBbIM COOTBETCTBYIOT MOJIOKEHHUS

paBHOBecus xog=tnm, =0, £1/2, 1/ (ueTHBIC), BTOPBIM — Xo#tnm, yw,=0, /2 (1/o HeueTHbBIC),

n=0,1,2 ... (B wacTHOCTH, Xo==*(2n+1)7/2 ipu & = 0). [ToaTOMY, yuuTHIBas ClIeHApHi "CiUsHUSA" TBYX

nepuoanueckux pemenuit no Ilyankape (I1I) BciencTsue Hamuuust BTOPOro THUMA KPUTUYECKUX TOUEK

xXoztnm (oudypkanus nepuona 1/a=2«<>1/0=1), Oynem nuckaTh pemieHne 3a1adu 0 MasTHUKe Kamuipt

BHE U B 30HE NMapaMETPUUYECKOr0 PE30HAHCA B BUJIE!
x=xotricos(7/2 — yy)t+rcos(72 — y»). (60)

Takoe npencrasiienne (52) naet BeipaxkeHue S (57) ¢ TOYHOCTHIO 110 n=2

S= [11%/16 +r2*14—yo* 2+ &[ Jo(r1)Jo(r2)cos xo+2 ZJZ,,(rl) Jo(r2)cos (xo—nm/2)cosn(2yi — 2ys)] —
=

— &i[Jo(r1)Jo(r2)cosQyn) + ZJznﬁ(rl)Jn(rz)cos(xo—nn/Z)cosn(2 wvi—w)E2ynl}. (61)
nd

OrpannuMBasCh 4jIeHaMH MOPsIKA e npu pasznoxxenuu J,(r)B S (61) n ucnons3ys nepeMeH-
HBIE X, Vi (50), momyunm:
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S=[x1%/ 16+, /4+x2" 14+, 14—y 1 2H(eofo — €1f1)c0s xo H(eoFy — €1F))sin xo],  (62)

rac
Jo={1=Cer >+ 0 42 YA (e P+ %) (2 1302 1/64+(x >4y %) (x” +327)/16}, (63)
fi={001 >4y )8 (x1 ™ +4y12)/3— (12" +3)27)/64—x1y1x202/8 ), (64)
Fo=[4x1y1y2t0:(x 41 9)/8, Fi= xa[ 172 — (x1*+4y12)/8— (x1*+12)/16], (65)
[Toncrasmss S (62) B (42), pu & = 0, sin xg=x2=y>=x1=y1=)r=0 TOIy4YUM COOTBETCTBYIOIIUE

YpaBHEHHUS JUI1 HAX0XJACHUS TOUEK PAaBHOBECHS U XapaKTEPUCTHUECKUX KOpHEH Ao:

0S/0x2 = 8S/0y, = 8S/xg = 8S/8ye = 0, (66)
0S/ox1= x1[1-4 & (1—x1 /81 2/2)2 & (1-x,%/6)] 20, (67)
3S/ovi= yi[1-4& (1-x, /8-y 2 /2)+2 &7 (1-2y,%/3)] =0, (68)

(k2+S"X1X1)[(7»2+S")CQ)C2S")iz)iz)(?\,z‘f'S'X()X()S"yoyo) - S"yzyz S"y()y() S")C()XQ], (69)
rac

+
242/104—6}, &,1 =&),1COS Xo U S",'J' =j(x1, Vi, 8(),1i). (70)
B cnyuae x1=y1=0 Belpaxxenus (67, 68) TOXIECTBEHHO paBHBI HYJIIO U

(214 & =4 ) A 221+ A+(1-4 &) (a7 2 & (18 )]} (71)

N3 mepBoii ckoOku (71) modydaeM OLEHKY BEpXHEW TpAHHIBI YCTOWYHMBOTO pEIICHUS
4(e)<(1-4&"), u3 Bropoii — Hmwkaeit (&°)>2] & (1-&")|, uro Haxomures B cornacuu ¢ pesyisra-
TaMu, TIONTy4eHHBIMH paHee APYTHMH MeToJaMu i MasTHuKa Kamue! (&°<0) BHe 30HBI TapaMeTpH-
YecKoro pezoHasca [6, 110].

B ciyqae x,#0, y1=0 (x1=0, y,#0) u3 ycnosuii 05/0x;=0 (05/0y1=0) (66—70) MOXHO MOITy4UTh:

x’=6[(4& +2& -1)/Q2e 3 &), (1*=(3/2)(4&a 2e™-D)/Ba—2a")]), (72)
[P+(x 22428 + &+ DIH(A=0, (A& y* Qe —2&~1)/6],(1)=0 ), (73)
rie f,(A)— BopaxkeHHsl B KBapaTHOU ckoOke (69).

N3 (73) cnenyer cyuiecTBOBaHME ABYX YCTOMUYUBBIX COCTOSIHMM ABM)KEHUS MasTHUKA Kanuiis!
(& <0) B 30He TTAPAMETPUUECKOTO pe3oHanca 2&” >4|& | +1, (2|& [>4|& |+1). JlaHHEIE cOCTOSHUS OT-
JIMYAIOTCA IPYT OT JAPyra TONBKO CMEHOH 3Haka & . PesymbTar ¢ 1,20, (72) u &=0 paHee ObLT HOIY-
yeH metoaoM KpeutoBa-boromo6osa ([16], ¢.281) 6e3 y4era xo, X2, 12, Yo U COOTBETCTBYIOIIETO aHAJIH-
3a Ha YCTOWYHMBOCTb. Takol MOJX0/ HE SIBIISIETCSI KOPPEKTHBIM, TaK KaKk OTOpachIBAaHHUE YICHOB C X2, )2,
B (62) Ha 4acTOTE BO3MYIIAIOIICH CHUJIBI IPUBOJMT, KakK 3To cieayeT u3 (69, 70) kK HeBEpHOMY 3aKJTIO-
YEHHUIO 0 HEYCTOMUMBOCTH BO30YKACHHBIX KoleOaHuii MasiTHUKa Kanuiiel B 30HE pe3oHaHca 1o Xo, Vo,

YTO IPOTUBOPEUUT IIPOBEIEHHOMY OIIBITY U pe3yJbTaTaM YMCIEHHOT0 Mozenuposanus [17].

3.3. l[I/IHaMI/I‘[eCKaH yCTOﬁ‘lHBOCTL CEAJIOBBIX TOYECK B AaBTOHOMHBIX CUCTEMAaX
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HaxoxeHrue nepuoanueckux penieHud AUHAMUYECKUX CHUCTEM U HUCCIIEIOBAaHME MX Ha yC-
TOWYMBOCTH B psAJie 3a7a4 (Takux Kak "IeBUTpoH", "aToMapHbIe" JIOBYIIKU U T.JI.) MOXKET OBITh IPOBE-
JICHO C TTOMOIIBIO HAXOXK/ICHUS KPUTHYECKUX TOUCK U YCTAHOBJICHUS 3HAKOOMPEICICHHOCTH MaTPHIIBI
BTOPBIX MPOU3BOAHBIX S-QyHkuuu ([114], 4.1). PaccMoTpuM BO3MOKHOCTH CO3/1aHHMsSI aTOMapHOH JI0-
BYIIIKM Ha CEUIOBOM TOYKE B HEOJHOPOIHOM CTATUYECKOM TOJie 0€3 HATOXKEHHS IOMOJHUTEIBHBIX
TIEPEMEHHBIX U MTOCTOSIHHBIX TIOJICH:

T=[(dxy/dé)* + (dx2/dr)*)/2, (74)
U= capxi” + conxa” + caont” + caoxi 2" + coaa’ (75)
rae 7T, U — xuHeTnyeckas, IOTEHIHAIbHAs SHEPrUs.

S-pyHKIHS paccMaTpuBaEMO 3a/1a4H B IPUOIMKCHUH

X1= X10+X11008(‘C)+y1 1sin(r)+x1zcos(21)+(y12/2)sin(2r), (76)
Xo= XQ()+X21COS(‘C)+y21Siﬂ(’t)"’XzzCOS(ZT)+()/22/2)Sin(2’t), (77)

umeert Bun [114, 122]:

S=[-3coaya1 +H(—6couxa1*~24coaxan’— 3oy — X1t  —4eanxio  —4coat2)ya +
H(—4cpxnyixa—16c22x10y11%20)y21 ~3coaxar” +(—24coax20 2—022‘)/11 2=3coox1 —4eax 102—46‘02+2)X212—
—1620X10X11X20%21 ~4Y20" — 8Coaxag H+(—deaay i —denxi —8canxio” —8coa)x20 —3caqyii H(—6capxir -
—24caox1o — 40t 2)y i = 3eapxi H(=24cagxio —deant2)xi 1 —4yi0 —8canxio —8caox1o 1/(8). (78)

PaccMoTpuM "acTHBIN ciydait: X, m, Vun=0, (n, m#1). U3 ycnoBuii axctpemyma S;' =0 nmeem
nBa ciaydas 1) x112=(—2czo+1)/(3040), 2) x11=0. COOTBETCTBEHHO M3 MATPHIILI BTOPBHIX MTPOU3BOIHBIX S-

GbyHKIUH {S;"} TOTy4YUM XapaKTEpUCTUYECKHE KOPHH L;:

Li==2(—cy *+ 1);

L,=1;

L3=2cy0— 1;

L,=0;

Ls=(2c20c22 — 6¢40c02 — €22)/(3¢40); (79)
L&~1;

L7=(2ca0ca—4ca0c0rt2ca0—C22)/(4eqo);
Ls=(2c20c20 — 12¢40c02 + 6¢40 — €22)/(12¢40) 5
Cucrema (74-75) wmmeer ycroiuuBble pemenus (L, < 0) mpu: c0<1/2 u a) cp<l1/2;
c22>6abs(cao)( —2cot1)/( —2c20t1); 0) co2>1/2; c22>2abs(ca0)( —2coxt+1)/( —2c20t1) (puc.28).
CrnenoBaTenbHO, YCTOMYMBBIE PEIICHHS CYHIECTBYIOT HE TOJbKO s U ¢ ¢z, co2>0 (TOUKa MU-

HUMYyMa MOTEHIIMATBHOM SHEPTHH), HO U C ¢20>0, c2<0 (cemo).
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PesynbTarel pacdeToB OBUTH MPOBEPEHBI IYTEM UYHCICHHOTO M aHAJIIOTOBOTO MOJICITUPOBAHUS
Ha TUOPHUIHOM KOMILJIEKCE.

B TpuBHanpHOM ciydae, KOra BCE Xy m, Vnm=0, U3 BUAa {S;"} ciaexyer, 4To i yCTOMYMBOCTH
MONyUYEHHBIX PEIICHUN HEOOXOAMMO YCIOBUE Ci, Co2>0, T.e. Hanuuue TOYkM MUHHMyMa U mpu

X1=XQ=O.

3.4. O0 ycTOHYMBOCTH HEYCTOHYNBBIX COCTOSIHUI, OudypKkanun, xaoce

HeJUHEHHbIX JNHAMHYECKUX COCTOSTHUIA

B wnaumbonee mnpoctoMm ciydae st MasTHuUKa ¢ g=¢.1=0, €#0 Touka Oudypkauu
l/o=2<>1/0=1 HaxomUTCS W3 COBMECTHOTO PACCMOTPEHUS JBYX MEPUOJUUYECCKUX PEIICHUH MO CIie-
Haputo (II). [IpoBozs BeiuucieHus, aHanoruyHbie (66—73), BOMM3H TOUKH paBHOBeCcHs Xo=t(2n+1)m/2,

xX1=y1=yo=0 nosy4um:
2
[T A*+S" xS i3, S xiisS xiv1))=0, (80)

S"xoxoS"voyo= — (& X2)(1-x17/8)/2, S"x1x1S"yiy1 =(142& x2)°,  (81)

S"X2x28"V2y2 — S"xay2S oy =(1+3 1 x2/4), (82)

x=[4/(3e)][1-(1+3&/2)""], & =¢& sin xo, y2=0. (83)

Tepuoanueckue pemenus ¢ ' =1 mpu |x,|<m/2 HeycToiumMBBI 1O Xo, Vo (exp|A|7), Tak Kak

S"xox08"y010<0. Pemras comectHo (72), (83), MOXKHO ONpENEIUTh COOTBETCTBYIOIIYIO TOUKY OH]yp-
Karuu u3 yciosus (puc.29):

b (e (a2, (84)

e x1 =59°, x» =31°, £,'20.61.
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a) B )

Puc. 29. Cuenapuii nosiBneHust OMQpypKauu 1Jis IepeBepHyTOr0 MasiTHUKA
no [lyankape npu ¢ ¢=0. a) 0,5<¢1<0,61; 6) rpaduku 3aBUCUMOCTH X1 2(& 1)

B nannom cnyuae (¢ € ¢=0) nmosiBienue 6udypKanud MOKET OJHOBPEMEHHO MPUBECTH K BO3-
HUKHOBEHUIO xaoca B cucteme (1) (puc.29). [IpudnHOit MOTYT MOCTYKUThH (IIOKTYaIHH, TOTPEIIHO-
CTH OT MaKpOCHUCTEMBI, UCIOJIb3YEMOM NMpHU (PU3NYECKOM, aHAJOTOBOM WJIM YHCJIEHHOM MOJIEINpOBa-
HUU IETEPMUHHUPOBAHHOW CHUCTEMBI, ONMChIBaeMoi ypaBHeHueM (1). B pe3ynbrare OyayT Habm01aTh-
Csl KacKaJlbl IEPEeX0JI0B MKy Pa3IMYHBIMU TUIIAMH MEPUOINYECKUX BIKEHUH Npu & 1=¢ |' (koneba-
TenbHbIMH 1:2, 1:1; BpamaTtensabiMu 1:1 U 1p.), BOCIpUHUMAaEeMbIe KaK Xaoc.

MamunHoe MonenupoBanue ypaBHeHus (1) na ALIBK I'BC «Pycanka» u HaTypHOE MOAEH-
pOBaHME HA MAarHUTHOW CTpPEJKE OT KOMIIaca, NOMELIEHHOW B MarHUTHOE I0JI€, MOATBEPAWIN IIpa-

BUJIBHOCTD MMOJTYYCHHBIX PE3YyJIbTATOB B MIPCACIax HOFpGIHHOCTGﬁ MOACIINPOBAHUA.

3.5. I_II/ICerTHOCTb, Xa0C 4 3BOJIIOIUS B HEJJUHEHHBIX JTUHAMHYECKHX CHCTEMAaX

Ecnu cBectu B Tabnuiy opOuTambHbIE TIEPHOILI M TIEPHOLI BpamieHus Bcex Ten ConHedHon
CHUCTEMBI, TO OOHAPYKUTCSI COU3MEPUMOCTh MHOTHX TIEPHOJOB [52]. DTO yKa3bIBaeT Ha CYIIECTBOBA-
HUE psila PE30HAHCHBIX SBICHUN MEXIy B3aUMOCBS3aHHBIMH pe3oHaTopaMu. MIMeroTcs pe30oHaHCHI
MEXTy OpOUTATLHBIME MIEPUOIaMHU YWICHOB OJHOM U TOU )K€ CUCTEMBI, a TAKXKE PE3OHAHCHI MEXKIY Op-
OUTAJIBLHBIMU U OCEBBIMU MIEPHOJIAMU BPALITAIOIIUXCS TEI.

[To-BuauMOMY, pE30HAHCHI SBIISIOTCS KpaitHe BaKHBIMU 0COOEHHOCTSIMU COJTHEYHOM CHCTEMBI.
Tena, ogHaX bl MMOMABIINE B PE30HAHC, MOTYT MPU OIpPENEICHHBIX YCIOBHIX OCTaBaThCS 3aXBayeH-
HBIMH PE30HAHCOM HEOTPAHHUYEHHO JOJTO0; CIEJI0BaTEIbHO, PE30HAHCHAS CTPYKTypa CTaOWIH3HPYET
ConHeuHyl0 CHUCTEMYy Ha OYeHb OOJIbIlIME MEepUoAbl BpeMeHH W 3Bojtonus COTHEYHOW CHCTEMBI B
OoJIBIIIEH Mepe ONpeACIISIeTCs] Pe30HAHCHOW TUHAMUKOM [52].

[IpoGnema pe30HAHCOB U MallbIX 3HAMEHaTeNel B HeOECHOW MEXaHHMKE OTHOCST K TPaJAMIIM-
OHHBIM MMOHJEPOMOTOPHBIM PE30HAHCHBIM 3aauaMm [50-52]. HemanoBaxHyto pojib ChIrpaio Mpearo-
noxxenne OBeHIeHa 00 KCTPEMATBHOCTH PE30HAHCHBIX COCTOSIHUN JABUKEHUS B MPUPOJIC I OOBSIC-

HEHHUS pE30HAHCOB B HEOeCHOM MexaHuke [59].
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Bo3HukHOBEHHE PE30HAHCOB MPAKTHYECKU MPUBOJUT K HEBO3MOXKHOCTH TPEJCKa3aHUS IBO-
mounu COJIHEUHON CHCTEMBI M3-3a CIIOKHOCTH PE30HAHCHBIX 3a1a4 [52]. He Bce eie sicHO u ¢ BBIOO-
POM UCXOAHOM (pu3mueckoit Mozaenu /i ee pemeHus. [Io MHEHHI0O HEKOTOPBIX aBTOPOB, CYIIECTBEH-
HYIO POJIb B CTAOMIM3AIMH PE30HAHCHOU CTPYKTYphl COMHEUHOMN CUCTEMBI UTPAIOT MOMEHTHI KOJINYe-
cTBa ABMkeHUs1 B3aumojerctByomux Tena [52]. AK. INynmaky [50, 56-58] wactTuuHo ynanoch ympo-
CTUTH pEIlICHUE JAaHHOW 3a/J1aud HAa OCHOBE TMOJIYYEHHOTO MM YPaBHEHHUS TMOJHIMHAMHUYECKOTO PaBHO-
BECHS:

AF+(8m/K*)(E-P)F=0, (85)
rae F — puHaMu4ecKkasi CUiaoBast (PYHKIIHSI, SKCTPEMAbHBIE 3HAYCHHSI KOTOPOU OMPEIENISIFOT COCTOSI-
HUS TUHAMHYECKOTO PaBHOBECHUS CUCTEMBI; m, £ 1 K — COOTBETCTBEHHO Macca, MOJIHAsI JHEPTUS U MO-
MEHT UMITYJIbCa YacTHLIbl; P — moTeHIManpHas SHeprus, 3aJJaHHas B KaKJ10M TOYKE MOJIS CTATUYECKOM
cunoBoit ¢pyHkuuelt. Camo ypaBHenue (85) [58] ¢akTuuecku moayyeHo UM U3 cnenu(uyeckoro nHTe-
rpajia IBUKEHUs ISl LIEHTpalbHO-cUuMMeTpruaHoro nosis ([18], ¢.53).

"Besikuii pas, Korja MbI MOJAXOIUM K OOBSICHCHHIO TE€X WJIM WHBIX SBJICHUN TPUPOJIBI TIpHEMa-
MU KJIACCMYECKONW MEXaHHUKH, MBI HE JIOJDKHBI 3a0bIBaTh, UTO B JEUCTBUTEIHHOCTH HUKAKOE SBJICHHE
HE MpeACTaBIeHO B YMCTOM BHie. CKOJIBKO OBl TOYHO HHM OBUIH OMpeeNieHbl JeHCTBYIONIUE HA MaTe-
pUATBHYIO CUCTEMY CHJIbI, BCEIr/la OCTAHYTCS HEYUYTCHHBIMH HEKOTOpbIE HE3HAUHMTEJIbHbIE BO3MYIIIE-
HUS. DTH TOCIEAHHUE, CKOJIb ObI MaJIbl OHU HU OBUTH, BIUSIOT HA ABM)KCHHUE MAaTEPHAILHOW CHCTEMBI, B
O0COOEHHOCTH, €CJIM JIBI)KCHHE HEyCTOH4YMBO. OOIMiA XapakTep COXpaHSIOT, TAKUM 00pa3oM, TOJIBKO
YCTOWYMBBIC JBUKEHUS, U MTOITOMY TOJILKO OHHM OoJiee WM MEHEe MPaBUIbHO OMHCHIBAIOT JACHCTBH-
tenbHble ABkeHus" ([123], c. 243, 1929 ron). DTOT SACHBIN NPUHIMI YCTOMYUBOCTH ACHCTBUTEIBHBIX
JBUKCHHM, OJIeCTAIIe 3apCKOMEHIOBABIIHIA ce0si BO MHOTUX OCHOBHBIX MpoOiieMax HeOSCHOU Mexa-
HHUKHU, HEOKUTAaHHO N03BOoJMA nonyunuTh H.I'. UetaeBy [123] kapTuHY MOYTH KBAaHTOBBIX SBJICHUMN 15
MEXaHUUYECKUX TUHAMUYECKUX CHUCTEM.

[Tocne HecloKHBIX BBIKIAJ0K, HA OCHOBE JBYX MOJOKEHUU O TOM, YTO:

m HCKOTOPLIC ABHUKCHUA B IIPUPOJAC ABIAIOTCIA Hauboiee BBIACJIICHHBIMHU C TOYKH 3PpCHUA YC-

TOWYHUBOCTH;

@ CYIMECTBYIOT B pCAJIbHOCTH HC3HAYUTCIbHBIC BOSMYIIICHMA .

Yeraes nomyuni [ 123] ocHOBHOE ypaBHEHHE "103BOJICHHBIX OPOUT" B BUJIE:

AY+2(U-h)P+(AA/4)¥ =0, (86)
rne H=T-U — ¢yukuus ['ammibToHa, OTBEYaronas MaTepruaaibHON CUCTEME, U A’= WP¥* _ II0THOCTH
TPaeKTOpHil B MPOU3BOJILHON TOUKE (Pa30BOT0O MPOCTPAHCTBA.

"Eciiu A4=0, To ocHOBHOe ypaBHeHHe" (86) "mpuHumMaeT Gopmy auddepeHunanbHOro ypas-
HeHus, nojoxeHHoro llIpeanHrepomM B OCHOBY €ro Tak Ha3bIBa€MOM BOJIHOBOM MexaHuku'" [123].

Pemenue nuddepenmanpHoro ypaBHeHus (86) MOXKET CyIIeCTBOBATH JIMIIb MPU HEKOTOPBIX
OIpeIeNIEHHBIX 3HAa4YeHUsAX h. COBOKYNHOCTb 3HAU€HWH /1, U1 KOTOPBIX 3TO BO3MOXKHO Ha3bIBAETCS
cnektpom [123].
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"MBbI MBICITUM ce0e MaTepHaIbHYIO CUCTEMY, ABIDKYIIYIOCS MO ACHCTBUEM HEKOTOPBIX CHII B
HE3HAYUTEIILHOM TI0JI€ BO3MYIIECHUS. DTO MOCIIEAHEE pa3pylIaeT BCAKOE ABIKEHHE, €CITH TOJIBKO OHO
HE SIBJISICTCS yCTOWYMBBIM U JI03BOJICHHBIM. TakuM 00pa3oM COXPaHSIOTCS YCTOMYHMBEIC, J03BOJICHHBIC
IBIKEHHUs. Bcerma CymiecTBYIOT HE3HAYHMTENBHBIC OTKIOHEHUS, B CHJIY KOTOPBIX JIEHCTBUTEIbHBIC
JIBMKEHUSI MaTepHaJIbHOM CHCTEMBI POMCXOIAT B JOCTATOYHO MaJioi 00JacTu, 0OBOJaKUBAIOIIEH yc-
TOMuUMBY10 Tpaekropuro" [123].

[IpocTtoii meTon pemieHust 3.1 OCHOBaH Ha AKCTPEeMaTbHOCTH S-GyHKIMH (42) A7 pe30HAHC-
HBIX COCTOSIHUI NBWKeHM. V3 Hero ciexyeT, 4To U3 BCero MHOrooOpasus ABMKCHUH, HaOII01aeMbIX
B MIPUPOJIE — PE30OHAHCHBIE COCTOSIHUS JABIIKEHHS SBISIOTCS Hanbosee ycTOMuuBBIMU. B pesynbrare,
M3-32 HAIMYMS Xa0THYECKOTO (poHA TOJIel BO3MYIIEHUS, TIPOUCXOUT €CTECTBEHHBIH 0TOOp Hanboiee
YCTOWYMBBIX — TUCKPETHBIX PE30HAHCHBIX COCTOSHHH JBIKeHMs. COo BpeMEHEM NpH JBMKEHUH MaTe-
PHATBHBIX CUCTEM B (pa30BOM MPOCTPAHCTBE MO BO3JCHCTBHEM IIOJIEH BO3MYIICHUS BOSHUKHYT OH-
¢bypkamuu 1o cueHapuio 3.4, 4To B CBOIO oUYepeb MPUBEIET K Xa0Cy U B JaJbHEUIIEM K IEpexoay Ha

HOBBIC }’CTOI\/JI‘-II/IBI)IG PE30HAHCHBIC COCTOSAHUA ABHUKCHUA.

4. Pe3oHaHCHBIE JIOBYIIKH

4.1. Pe3oHaHCHOE yaep:KaHUe TeJl M YACTHI] ¢ COOCTBEHHBIM MATHUTHBIM MOMEHTOM

SIBneHnMe MAarHUTHOTIO PE30HAHCA BHOCUT MPUHUMUIIAAIBHO HOBBII MOMEHT B PacCMOTpPEHHE
MpoOIeMBbI TOHJIEPOMOTOPHOTO JCHCTBHS BOJH Ha pe30oHaTOpbl. OH 3aKII04YaeTCs B H3MEHEHUH COOCT-
BEHHOW 4acTOThl w=aXr, 6;) oOpa3ia-pe30HaTopa Mpu ero MepeMemnIeHrusIX U MoBOPOTaX Kak ILEeJIoro
[74-79] B HeogHopoaHoM MarHUTHOM mone H(r, f). CiencTBueM 3TOro SIBISETCS MOSIBJIEHUE B IMPO-
CTPAHCTBE BBIJICIICHHBIX 00NacTel — "pe30HaHCHBIX 30H" — C PE30HAHCHBIM JAeWcTBUEM mois. [lepBbie
MOTBITKA PE30HAHCHOIO YJEep>KaHUs 4acTHLbl (Cepbl — aHU30TPOITHOTO MOHOKPHUCTAJLIA JKEJIE30UT-
TPUEBOTO TpaHaTa B YCIOBHUAX (EPpPOMArHUTHOTO pe30HaHCa) ObUTH BBIMOJIHEHBI B 1974—1976 romax
[74, 79].

VYcnosus onsita (puc.30). Mccnenosanick MoHokpuctamnueckue YsFesOp, B Buzae chep c na-
pametpamu: d=0,97-0,41 mm, mupura muann 2AH=0,49—0,56 », none anuzorponuu H,= — 40 3, Ha-
MATHHYEHHOCTb HAcheHus 4mM,=1750 T'c, miotHOCTh p=5,17 r/cM’, 06pasLBl B PEKHME HEMPEPhIB-
HOU momnepeuyHoil Hakauku H;. OOpa3ipl MOMEMANINCh B LIEHTP pe3oHartopa Higi, ¢ JOOPOTHOCTHIO
0=10’. MomHocTb ¢.B.4. KonebaHuii MarHeTpoHa, paboraroutero Ha gacrore 9,42 I'T1, perynuposa-
Jach MOJSIPU3ANUOHHBIM aTTeHIoaTopoM B mipenenax P=0-0,5 Bt. ['pagueHT moss B eHTpabHOU 00-

JIaCTHU MCXKAY IMOJKOCHBIMU HAKOHCYHUKAMU MMOCTOAHHOI'O MardmTa € HO:3280 9 HC IIPCBbIIIA 2 3/cMm.
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Puc.30. Cxema ombITa 10 JIEBUTAIMH B YCIOBUAX (.M.D.

B uncne nmoHaepoMOTOpHBIX 3(PQeKTOB, 0OOHAPYKEHHBIX B ONBITaX Mo JeBuTauuu [74, 79],
CJIETyeT OTMETHTD: POCTPAHCTBCHHOE TepeMenIeHre cep U UX HU3KOYACTOTHBIC MYJILCAI[H; OTPHIB
IByX cdep Ipyr OT Apyra MpH pe3oHaHCe; YCTOWYUBBIE OpOUTAIbHbBIC IBH)KEHUS M KpPaTKOBPEMEH-
HbIE 3aBUCaHUs (JeBUTanus ~ 1-3 ¢) chepsl BHyTpU pe3oHaTopa C.B.4.

[HonnepomoTopubie 3¢ dekTbi, 0OHapyKEeHHBIE B ONbITax [74, 79], m0o3BOIMIN OOBSICHUTH pe-
3yJIbTaThl MHOTOYHCIICHHBIX 3KCTICPUMEHTAIBHBIX HCCIICIOBAHUH, BEITIOJTHCHHBIX B 00JIACTH HEITMHEH-
HOro (heppOMarHUTHOTO PE30HAHCA 0 MArHUTOAKYCTUYECKOMY PE30HAHCY Ha HE3aKPEIUIEHHBIX 00-
pasuax [74, 77, 79, 95-96]. B wacTHOCTH, TakKe ero 0OCOOCHHOCTH, KaK HU3KOYACTOTHBIC MYJbCAIIUN
MarHUTOaKyCTHYECKOTO pe30HaHca ¢ 4actoToil 3 I'm u MeHee, THCTepe3nuc BO30YKICHHSI 110 TOJII0 H
T.1. [95].

CootBerctBylome GOpMyIIbl UIsl CUJI 1 MOMEHTOB CHJI, IEUCTBYIOLINX HA aHU30TPOIHbBIE 00-
pasubl npu ¢.m.p., UMeIOT BUL [77]:

Fio=ko 1MoV iHo,1, (87)
Nua0,0= knaopMoHa,1, (88)
rae ko =— a)oa)lea)/(a)lera),ersz)z, ki= a)oa)lz(a),2+Aa)2)/(a>12+a>,2+Aa)2)2,
ky =1 @,/( a)12+a),ﬂ2+Aa)2), kao=— [10a)oa)lea)/(a)lera),erAa)z)z][sin2 A2cos2 G+
+sin” &in’2 )], ko= — [10ayo*Awl(o*+ @ +A @) ](sin*Osind @), a1=yHo.1, Aw=w—ay, y— rupomar-
HUTHOE OTHOIIICHHE.

[Ipu pe3onance Fjp>>mg, OAHAKO BEJIMYHMHA COBEPIIAEMOIl P 3TOM pabOTHl MO Mepeme-

IICHUIO WM MTOBOPOTY 00pa3IoB Kak LIEJIOT0 HE MPEBBINIAeT BeMUuuHy ~ MoH), BCleICTBUE HE3HAYH-

TEJIBHOCTH pa3MepoB pe3oHaHCHOU obnactu mo r~2AH/(VH).
4.2. I dexT pe30HAHCHOIO 3aXBATA YACTHUI C COOCTBEHHBIM MATHUTHBIM MOMEHTOM

DKCIEPUMEHTHI, POBEICHHBIE 110 JICBUTAIIMU YacTull 1pu ¢.m.p. [74, 79, 95], uHMImupoBamu
LENbIA pAJl SKCIEPUMEHTAIBHBIX U TEOPETUYECKUX paboT MO pe3oHaHCHBIM JoByIikam [80-84, 97,

112-114, 122, 127].
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OnHoit U3 MepBBIX OblIa paCCMOTpPEHA 3a7[ada Pe30HAHCHOTO 3aXBaTa CIIMHOBOM YacCTHIIBI B HE-
OJTHOPOJIHOM TEPEeMEHHOM MarHUTHOM mosie H={Hcoswt, Hsinwt, yzor'3} [81]. Ona Obina pemieHa
Ha OCHOBE COBMECTHOT'O paccMOTpeHus: ypaBHeHUi: cniuHoBoro dS/d=/S*H]| u cunsl F= — uV(SH),
JICHCTBYIOIICH HA YacTHUIy C COOCTBEHHBIM MarHUTHBIM MOMEHTOM f=uS. B pesynbrarte pa3uencHus
MEPEeMEHHBIX Ha OBICTPHIC M MEJJICHHBIC 3a7ada O JBMKCHHUH JTUTIONS CBENACh K 3aJaue O JBUKCHHUH
qacTHUB B mone ¢ d(QEKTHBHOM moTeHmHanpHol sHeprueil Us=U,+Uy,, rae Us=(uiotno/r){1—

FHA[(AaX(r)+ o+ 7H L, Aa)(r)Z(a)—mzor'3) u Uy, — neHTpobexusbiii Bkiaf [81].

|
r

Puc. 31. Ycpennennas a¢dekTuBHas MOTEHIMATbHAS YHEPTHUS MAKPOCKOTTHUECKOMN
CIIMHOBOW YaCTHIIbI, HAXOISMIEIHCS B HEOJHOPOIHOM MarHUTHOM TOJIE (~Lo/T 3)
1 BU-pe30HAHCHOM II0JIE € ©® = YL/
Taxum 00pa3oM, 0Ka3anock, YTO HEYCTOMYMBOCTh THIA ~1/F" ¢ N>2 MOXKHO CTaOMIN3UPOBATEH
MarHUTHBIM PE30HAHCHBIM B3aumojieicTBUeM (puc.31). Yder HeNMHEHHBIX YICHOB B3aUMOJCHCTBUS

NPUBOAUT K BO3HUKHOBCHUIO LECJIOI0 pssaa AUCKPCTHBIX Op6I/IT oo r (pI/IC32) 34 CUYCT PC30HAHCHOI'O

3axBara Ha rapMoHuKax (n/m)w [81].

2
A -
Hy (7
H, w
VoV
w oy -
g
x

Puc. 32. Ycroiiunsoe ABWIKCHUC B TOYKE Iy IIPpHU pE30HAHCHOM 3aXBaTC
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AHaNOTUYHBIN PE30HAHCHBIA 3aXBaT OyneT HAOMIOAAThCS AJIA JIOOBIX YacTHI], 00JIaaroIInx
JTUTOJIBHBIM MOMEHTOM U CIIMHOM, K MPUMEPY — 3JEKTPUUECKUX, SJIEPHBIX MICEBIOMArHUTHBIX JUIIO-
Jiel, Tak KaK ypaBHEHUS JBI>KeHUs [81] mpu Ki1acCHYecKOM pacCMOTPEHUU OyIyT aHaTOTHYHBIE.

B pabote [97] npu paccMOTpeHUH MPOCTEHIIEeH KIACCHYECKON 3a/1a4l MAarHUTHOM CTPENIKU Ha
CTepXKHE B HEOJHOPOJHOM MarHuUTHOM mosie Buma H=[Hcoswt, 0, H,(x)] Obuin oOHapy>keHbI "He-
o0bruHbIe" pe3oHaHCHBIE d((ekThl. B MCX0MHON MOAeNnn KMHETHYECKas, MOTCHIIMAIbHAS dHEPTUU U
JUCCUINATUBHASA (DYHKIIMS U YpaBHEHUS JBI)KEHUS 3alMChIBAIUCH B BUJIE:

T=I(d9/d?)*/2-+m(dx/dt)*/2, U=—H,cos( O)—H,sin(H)cos( wx),
F=a,(d0/dt)*/2+ay(dx/dr)*/2, (89)
X1"+2B1X1'+(012 X1:(032COS(,01, X2"+2B2)C2'+0)22X2:O, (90)
rje
mlzza)szh(xz)sin(xl)/xl, o’ =— a)Lz(l/xz)(dh(xz)/dxz)cos(xl), (032:(01,2008)61,
X1:9, xz=x/xmax, ,81: a1/(2]), ﬂzz az/(2m), a)LzzuHo/(mxmaxz), a)SZZMH()/I, a)bzzqu/l,
HZ:H()( l—kXQn):H()h(XQ) (9 1 )

B pesynbrare MoaenupoBaHus Ha aHAIOro-IU(POBOM BBIUUCIUTEILHOM KoMILIekce "Pycanka"
ObUIH Hail/leHbl YCTONYMBBIE PE30HAHCHBIE COCTOSIHUS ABMkeHus. K nmpumepy, npu ws=0,3, w;*=0,5,
Pi==w=0, x| 1 x, cOBepIIAIOT KoJjiebaTebHbIe NBKEHUs BOKpyT 1ieHTpa (0, 0) ¢ cooTHOmEeHneM
gactot 1:1, 2:3, 4:7 u apyrumu. [Ipu yBenudeHnn aMIUTUTYIbI BO3AeHCTBUS H|, ObLTH OOHAPYKEHBI

YCTOWYMBBIC TPACKTOPHUH JIBIKCHHSI OKOJIO ToueK (£71/2, 0) (puc.33).

.I? I,‘,

B S

1 1
0 02 1, 0 045 %,

Puc. 33. Ycroituussie Tpaekropuu npu © = 0.1m;, X10=-0,07, x10=0,2, X20'=0,07, x20=0,11

[TosiBeHHE yCTOWYMBBIX pelieHui BOMM3M (17/2) upe3BhIYailHO Ba)KHO JJISl 3a/1a4 JIBMKEHUS
4acTHIl B MOJSIX ¢ n<-2 (TUNa AUMOJIbHBIX). [Ipu yrimax G=m/2 mpouCXOOUT M3MEHEHHE XapaKTepa
B3aUMOJICHCTBUS NpUTsDKeHHS (6<m/2) Ha oTTankuBanue (£>m/2). Bo3HuKaeT nepekadka 3HEPTUu 1Mo-
CTYIaTENbHOTO JABMKEHHUS BO BpallareabHOe, U HaoO00poT. Pe3dynbraTomM OyneT BOSHHKHOBEHHE yC-
TOWYUBBIX COCTOSTHUH JIBIDKEHUS M OTCYTCTBHE KOJIIATICa B IUIIOJILHOM ClTydae.

B cimyvae nBmkeHHsi MarHUTHOTO BoOJYKa (puic.34) B MOCTOSIHHOM, HEOJHOPOJIHOM, OCECHM-
METpUYHOM MarHuTHOM Ttosie H(r) dyukuus ['aMuibToHa IpUMET BU:

H=m/2(r*+r* ¢ ") + 1/2(y *sin2 6+ 67%) —I,/2(y '+ 'cos 6)*— 1H(r)cos b, (92)
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Y PE30HAHCHBIN 3aXBaT OyJeT UMeTh MecTo [82] mpu (o’ @ o> o) o —*1"*=0, rne o=q,
o=y, o = —wu(0H/or)(1/r), ot = —uH/I, cos=(w/ a)L)z. IIpn o=@ (coorBercTBeHHO G#0, TU)

W) (=W W), YTO aHAJIOTUIHO YCJIOBUAM CUHXPOHU3AIIUN 00BEKTOB C OJIM3KUMU YaCTOTaMHU [98]

z

Hw)

Puc. 34. MaruuTHbIi THPOCKOIT

PaCCMOTpCHHLIe HpI/IMepr I103BOJININ HpC,Z[HOHO)KI/ITB CymeCTBOBaHI/Ie yCTOI\/,I‘-II/IBBIX COCTOA-
HUW JBWKEHUW B 30HAX MapaMETPUUECKOTO PE30HAHCA, YTO W OBLIO MPOJEMOHCTPUPOBAHO B paboTe
[84]. B kauecTBe MOzenM paccMaTpPUBAIOCh JBH)KEHUE MArHUTHOTO JUIIONS B IMOJIE CUJIBI TSXKECTU U

NEPpEMEHHOM MAarauTHOM II0JIC, CO31aBaCMOM COJICHOUAOM.

- §

19'0

Ay 00

5

Puc. 35: 1 — conenonn, 2 — qunosnb, 3 — peanbHas 3aBUCUMOCTh H,(Z),
4, 5 — annpokcumarust H,(z)
Pacnpenenenue nonst H conenouaa (B WMJIMHIPUYECKON CUCTEME KOOPAMHAT) allllPOKCUMHUPO-
BaJIOCH CJICIYIOIIAM BHJIOM:

H,=H(s+z°~ 0.5p°)cos(art), H,=— Hopzcos(wr), H,~0, (93)
rae s=const, s>0 (s<0) @1 qUNOJIA MOABEIIMBaeMoro Haj (BHyTpH) coieHoua. [Ipu 3ToM KOMITOHEH-
Thl BEKTOP-MOTEHIIMAaa Mol OyAyT yAOBIETBOPATH ypaBHeHuto Jlamnaca. JlarpankuaH Juist ciydas
TUTONs-poTaTopa ¢ s>0 MOXHO 3ammmcath B BUJIE:

L=,d 427+ kO +E(s+2— 0.5,02) cos@— pzsind) cos(27) +gz, (95)

49



e k=I/m, =8 uHy/(ma’), g=8gy/ &, =wt/2, m — macca, ] — MOMEHTOM HHEpLHH, 4 — MATHUTHBIHA MO-
MEHT. AHAJIOTUYHO 3alUChIBACTCs Jarpamxuan s ciaydas s<0. [lamee perieHue MINETCS B BHUJEC:
z=ajgtayicos tHby1sint+apcos2 t+bypsin2 7, p=asicost+bysint,0=azicost+bsisint, rae a;, bij <<l —
MEJICHHO MeHstommecs: pyHKiuu BpeMeHu. CTallioHapHBIC TOYKH TOTYYal0TCsl PEIICHUEM CHCTEMBI
ypaBHEHUS a,'j', b,'j'=0 C TOCIICAYIOIIUM HX HCCIICIOBAHUEM Ha YCTOWYUBOCTH B BapHaIUsAX. 3aBHCUMO-
CTH a9, 49:(a312+b312)1/ 2 oT k, moy4eHHbIC B pe3yJIbTaTe BBIYUCICHUHN IS |S|=1, IMEIOT CIIOKHBIN BU]T

(puc. 36) [84].
| €xp L &
- 2.5F

1.0 e

Puc. 36: a) s=1, g=0,2, &=1; B) s=—1, g=0,1, &=1; ¢) s= -1, g=0,1

N3 rpadukoB (puc. 36) u onbiToB [84] creayeT BO3MOXKHOCTD MPOCTPAHCTBEHHOTO pa3IeicHUs
YaCTHIl IO BeJIMYMHE k. PellieHne cTaHOBUTCS HEYCTOMYMBBIM ITpU &> &, ipudeM ai1st s>0 &, =2 1 He
3aBHCHUT OT 6, a mst s<0 Takas 3aBUCHMOCTH CYIIECTBYET. B 4aCTHOCTH, CyIIECTBYET TaKoe coueTa-
HUE k ¥ g, 9TO MPHU YBEIUYCHUH & yCTOMYMBOE PENICHUE TIEPEXOIUT B HEYCTOMYNBOE M 3aTEM BHOBB
CTaHOBUTCSI yCTOWYHMBBIM MOCIIC BOSHUKHOBEHUS KOJICOAHHM TUTIONS IO 6.

JIJIs. IpOBEPKU YHCIICHHO-aHATUTUICCKIX PACYETOB OBLIO TPOBEIACHO MOJICIIMPOBAHKE ypPaB-
HEHUW NBWKCHHS Ha aHAJIOTOBOM BBIYMCIHTENbHOW MammHe "Pycanka" um HatypHoe (pusnueckoe)
MonenupoBanue. [Ipu 3ToM MarHuT u3 deppura Oapus MOABEIINBAICS HAJl TOPIIOM DJICKTPOMArHUTA.
C uenpio pacumpeHus 00JaCTH HAYalbHBIX YCIOBUN B PE30HAHCHOM 00JNAacTH, MPUBOIAIIUX K yIep-
YKaQaHWIO MarHWTa, TIOJBEIIMBAHIE OCYIIECTBIISUIOCH B Tiullepune. [Ipu 3TOM moBeieHe MarHuTa Kade-
CTBEHHO OIHUCHIBAJIOCH PEHICHHSIMHU, IMOJYYCHHBIMU B pe3ysibraTte pacuetoB. Ha puc. 38 mpuBeneH
CHHMOK YJepKaHUsI KPYINHUHKH CaMaphueBOr0-KOOATBTOBOIO MAarHUTa B TIOCTOSSHHOM M MEPEMEHHOM

MargsuTHOM IIOJIAX.
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Puc. 37. Pe3oHaHcHOe yaepKaHHE YaCTHUIIBI CAMapHEeBOr0-KOOAIBTOBATO MarHuTa
B ITOCTOSIHHOM M TIEPEMEHHOM HEOJAHOPOHBIX MAarHUTHBIX MOJsiX (1987 rox)

4.3. 3agauya 1ByX MATHUTHBIX JMII0JIeH ¢ y4eTOM YPAaBHEHHMH ABUKeHHUI X CIINHOB

PaccmaTpuBast 3aady AByX MAarHUTHBIX JUIIOJIEH, aBTOPHI, KaK MPaBUIO, CYUTAIOT UX TOYEU-
HBIMH. DTO aBTOMAaTHUYECKH MPUBOAWT K OTOPACHIBAHUIO YICHOB B JIArpaH)KWaHE, OTBETCTBEHHBIX 3a
TOSIBJICHHE CIIMHOBOTO YPaBHEHHWs, CAMUX MarHUTHBIX TUIIOJICH, U K MX KoJuamncy. B oOmem ciayuae
JUIs OBICTPO BPAILAIOIIETOCS BOTUKA PEUICHHE 3a7aul MOXKET ObITh OJTYyYEHO U3 CUCTEMbl YpaBHEHHI
- CIIMHOBOTO YPaBHEHHS:

dS/d=(w/h)|S*H], (96)
Y YpaBHEHUS CWJIbI, IEHCTBYIOIIEN Ha YAaCTHUIy C COOCTBEHHBIM MarHUTHBIM MOMEHTOM =4S [99—
102]:
F=- uV(S*H), 97)
1100 Ha OCHOBE KOHKPETHOW MOJIETH IUIIOJIA U COOTBETCTBYIOIIEro Jarpamxkuana [37, 103—-106].

Panee Ob110 MOKa3zaHo [37], 4TO y4eT MarHUTHBIX MOMEHTOB BBIIIE JUIIOJBHOTO MPUBOIUT K
YCTOWYMBOCTH OPOUTATHLHOTO JIBHYKEHUS OJTHOW YaCTHIIBI BOKPYT IPYTOW HA PACCTOSIHHSIX, CPABHUMBIX
¢ ux pasmepamu (2.4 u puc.19). B cimydae ogHOro IUIIONS, HaXOMSIIETOCS B HEOTHOPOIHOM PE30-
HAaHCHOM MarHUTHOM TIOJIe, ¢ TOTEHUUATBHON YHEpruer Tuma 177, y4eT COMHOBOTO YpaBHEHUS MpHU-
BOJUT K BOBHUKHOBEHUIO YCTOMUMBBIX COCTOSTHUM NBIKeHUs [74, 81, 95]. [Ins cucteMsl U3 ABYX Mar-
HUTHBIX JUTOJIEH, 00JIaJar0NIMX COOCTBEHHBIM MOMEHTOM KOJIMYECTBA JABUKEHUS — CITUHOM, IOSIBIIC-
HUE aHAJIOTUYHON PE30HAHCHOM YCTOWYHMBOCTHU CIIEAYET OKUIATh U O€3 BHEIIHEro IMOoJid, TaK Kak Xa-
paKTep UX B3aMMOICHCTBHS MPH PE30HAHCE CYIIECTBEHHO 3aBUCUT OT PACCTpPOilKu mo uactote [74,
95]. Takasd BO3MOXHOCTb IIpoaHaJIn3upoBaHa B padote [80].

ITo anmanmorumu ¢ paboramu Ko3zopesa [37], paccMOTpHM YIPOIICHHYIO TOCTAHOBKY 3ajadd
JBUKEHMSI TUIOJS 4 B 1osie Aunods iy [80]. YpaBHeHUs NBUKEHMS B JAHHOM YIIPOILLEHHOM Cilydae
(m=m<<my) UIMEIOT BU/I;

dp/d= pn[m*Hio), (98)

dp/dt= plw*Ho ), (99)
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dX(mrp)/dP=V (uH),), (100)
rae Hi»=3n{yn;) —,uj)/r3 — [10JI€ JUTIOJIS A4 B MECTE PACIIONOKEHUS JUIONS L4; 1,j=1,2; n=ry/r, r=|ry|.
OrpaHu4uMCsl CIIy4aeM MEPUOIUYECKOTO PEIICHHS] — OPOMTAIBHOTO JBMIKCHUS JTHUIIONS Ll C
qacroroit @' Toz. [lepexons BO Bpalaroulytocs CUCTeMy KOOpaUHAT, 11 (98—99) nonyuum:
dpildt= yil g™ Hyij] +[ pei™ @). (101)
[Ipennonarast pexxuM yCTaHOBUBIIUXCS KosieOaHui U ycinoBue dgs/d=0 u3 (101), mmeem:
Ajttsi=0, (102)
rae iy ={Moixs Halys Mades Hazyt> A1={0,01,0,15, A5={-01,0,2,0}, 43={0,1,0,02}, 44={2,0,0,~002},
rie o=[(@-0;) ofl(# 1)=4;1, @=)ilky:/r — 9aCTOTH TAPMOPOBOl NPELECCHH i-r0 IUIONS B TIOJIE j-

ro. ¥Ypasuenus (102) umeror pemieHus npu

o =(w-wn)(w—an1)=4; 1; (103)
Hoiy =04 o= — O oy (104)
=20 1= — (04/2) (105)
Myiz= [z (106)

Pesynbrarel pemenus (103—106) mis 4yacTHBIX CIIy4aeB YacTUIl C OJWHAKOBBIMH CIUHAMH U
OJIMHAKOBBIMH 3HAYCHHUSIMH TUPOMArHUTHBIX uncen (|yi|=|y2|, W= M2) Openctasnensl B Tadin. 2. 13 Hee
CJIeZlyeT, YTO PE30HAHCHBII 3aXBaT B MPUHIUIIE BO3MOXEH 0€3 ydeTa JUCCHUIAIMM TOJIbKO Ha rapMo-
HUKaX 4acTOThI JJAPMOPOBOM MpeLecCuy MepBOro AMIOIISA B rosie BToporo. IlosBneHue pemenus o—=-
@2 00yCIIOBIIEHO OTCYTCTBUEM AMCCUMALINY (32 CUET NepeBOpPOTa CIIMHA U €r0 MPELEecCHH B IPOTHUBO-
MIOJIO’KHOM HarmpaBiieHuu). Takas cuTyauus TUIMYHA MPU PACCMOTPEHHM JIBM)KEHUS BEKTOpa Hamar-

HUYEHHOCTH B YCIIOBHSIX MAarHUTHOTO pe3oHaHca 0e3 auccunanuu [107].

Tabnuna 2
3agaya IBYX B3aUMOACHCTBYIOIIMX AUMOJIEH C yYETOM UX CIIMHOB.
Ne Yi2l1.22 0/0, 1’ ox 112y o o Vo =<wiHi2>|=2r0
1 3 ™ 0 2 2 Qu/—pHr’
2 | vE N 2 0 ™ 1 1 (3 —pe’)/2r
3 0 — - -1 -1
4 -1 ™ ™ -2 2 bo /r°
5 3 N 0 -2 -2 — 2u —pd)nr’
6 |y=-1 T 2 0 M -1 — Gpype?)/2r
7 0 — — 1 1
8 -1 ™ 0 2 2 _H02/r3
9 0 — — 1 1
10 | y=72, ™V i — — Im Im* MHHUMO€ pEIICHNE
11 1 — Im Im* MHHMOE pEIICHHE
12 0 — — —1 —1
13 |y=—7, ™ i — — Im Im* MHHUMO€ pEIICHNE
14 1 — — Im Im* MHHMOE pEIIeHNe
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B cucreme Tpex CIIMHOBBIX YaCTHII, ABE U3 KOTOPHIX OJMHAKOBBI, HA OCHOBaHUH Tabim. 2 (No 1,
5; 2, 6; 4, 8) MOKXHO czieNaTh BBIBOJ O HAIMYUU HE 0o0Jiee IBYX pa3pelIeHHBIX COCTOSHUM C MPOTHBO-
TOJIOXKHOM OpUEeHTaIuen CHI/IHOB(T—TwL— 1-8) Ha KaXI0M YPOBHE — @12, 2W12, 3013 .
KonkpeTtHyto 3aBUCUMOCTBH d()PEKTUBHONU IHEPTUU B3auMOAeHCTBUS Uy, OT » MOXXHO HaWTH
13 3aKOHA COXPaHEHHsI MOMEHTa KOJMYECTBA JBMKCHUSI 3aMKHYTON CHUCTEMBI (T10JI€ + JUMOIH),
S +81+8H[r2*mo]=L=const, (107)
rae S; = /) — B o01IeM ciyyae MEXaHWYECKUH MOMEHT JUTIONEH (CIIUH — JJIsl DJIEMEHTAPHBIX YaCTHII,
MOMEHT BpAIICHUs — JUIsi HAMarHUYEHHBIX TUPOCKONOB). [IpuOnmkeHHO MOXHO CYUTaTh, IpeHeOpe-
rast HoTepsAMH 1 u3nyueHueM, as ciydas (103—-106):
,Ll]z/]/1+,uzz/]/2 +mr2aELz. (108)
Pesynbratel, BeITekaromue u3 ypaBHenus (108), cBeaeHsl B Ta01. 3 (15 OIIEHOK MPUHATO 3HA-

31/2|7/1 M BBEICHO OGO3HAYCHHE 7=)'m, COOTBETCTBEHHO @y=|y|/(ror”),

yeHue L, mopsaka 2 i/
|@=[y|to/r). TlosiBeHME "CHHETYISIPHOCTH" B TOUKE r~F (|@~@py) CIIENOBAIO OXKHIATH IIPH PEIICHHH
PE30HAaHCHOM 3a/1auu, TaK KaK ObLIM OTOPOIIIEHBI WiIeHBI TUTA Sy (57), OTBETCTBEHHBIE 32 AUCCUTIAITUIO
B cucteMe. OOBIYHO TMCCUTIATUBHBIC YJICHBI HAKIAAbIBAIOT OTPAHUYCHHS HA U3MEHEHHUs YTIJia Mperec-

cun 6 (u: =1,cos6) no BenuuuHbl 6,=(n — @,/ w)/2 (cm. [81]).

Tabnuua 3
3HavYeHHs TapaMETPOB CHUCTEMBI B3aMMOJICHCTBYIOIIMX JUMNOJICH 0€3 yueTa TUCCUTIAIINH.
Ne | yiopio, ol w12 ~Us/ o Via
1 3 ot o) (2ue*/3)[(1+3r0/27) 2=3/2]
2 |n=nM |2 o ot ) (w22 [(1+70/27) 1]
3 -1 () (po’/r”)
4 3 an( o) — QuoX/3r)[(1-37¢/2r) >-3/2]
5 |n=-nT1]2 oo v-0) — (=) 1]
6 -1 o ant o) (L)

CooTBeTcTBYIOMUNA TpapuK 3aBUCHMOCTH M CXEMATHUYECKHH PUCYHOK BO3MOYKHBIX yCTOWYM-

BBIX JBM)KCHUI MTPUBEICHBI HA pHC. 38.

3'0 T T T

b

-

0,25 0,75 1,25
a) ¢ 6)

Puc. 38: a — rpaduku ycpemHeHHON OTEHIIMAIBHONW SHEPTUH JIBYX CIIMHOBBIX YACTHII L] H Lo,
CIUTONIHAS TUHUS — 0€3 TUCCUTIAIUY, ITYHKTUP — C YIETOM Auccunanuu (tadi.2, Ne6);
0 — BO3MOYKHBIC YCTOWYHMBBIC ABMKCHUS CITMHOBBIX YACTHIL, =21, (Tabm.2, Ne5)
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[Ipu cOMMKEHUH AWITONCH YroJl Mpereccuu ¢ yBEIMYUBACTCS, YTO U CIICOBAJIO OXKUIATh 32
cyeT yBenauueHus noss "Hakauku" H\=H,,"", a B TOUKe 1) YMCHBIIACTCS B Pe3yJIbTaTe CHHXPOHM3a-
LMK JIBYX 9aCTOT — "MeXaHnIeckoi" ' (m)=|u/ro’ 1 "MarauTHOR" |@l=|1u0/r .

Pe3onaHCHBINM 3aXBaT B CHCTEME OJTHOTO WJIM BYX MarHUTHBIX qumoiei (puc. 19) oTHocHuTCs K
3a/ladyaM CUHXPOHHU3AIUU O0BEKTOB ¢ OJIM3KUMU YacToTamu [98].

OcraBmmecs cay4yau pe3oHaHcHoOro 3axBara (1-3, Tabi.3) Toke MOTYT MPUBECTH K yCTOWIHBO-
CTH U CYUIIECTBEHHOMY BIIUSHHUIO HA XapakTep ABUKEHUS CIIMHOBBIX YACTHII, €CJIM YUECTh JTOTIOJIHU-
TeNnbHbBIE cIaraeMbie u3 (97) THIIA KYJOHOBCKHX HITH TPABHTAIIMOHHBIX 1/77.

[IpoBeneM OIEHKH apaMeTPOB IBKEHUS AUIMONeH s cucteM [4, 5] 1ab6n.3 (puc.38): paauy-
ca OpOUTHI ¥, YaCTOTHI BPAILIEHHUS U MPEIIECCUN TUTIONS L, BpeMEeHH "KU3HU" — TUCCHUIMAlNU T,. B Ka-
YecTBE MaKpOJUIONel BO3bMEeM JBa cdepuueckux obpasua ¢ mapamerpamu: 4nMy=1750 I'c, p=5
r/em’ , d/2=0,1 cM u yacToTOM cOOCTBEHHOTO BpameHus @, =2n10 ['n, roe My — HaMarHU4eHHOCTD, O —

IINIOTHOCTBD, d— AUaMETp o6pa3u013. C0O0TBETCTBEHHO MOJIy4YnMm:

ro/(dI2)=(4nMo)*/B3rpd* 0)= 10°, (109)

@=21107 T, |f=(ro/m)"*=2110 Tw/o, (110)

7Y =(clrow)’(1/0)=10* cex, (111)

7. z(c/roa))2 @,(4);1071 CEK, (112)

rne 7Y u ,® — BpeMeHa auccunanuu [108] B cucteme mamyuaromux aumnoisei (puc.38). B cioyuae

MUKPOJIUIIONIEN, K IPUMEPY — DIIEKTPOH-TIO3UTPOH, PaNyC OPOUTHI B TOUHOCTH PaBEH KJIAaCCUYECKOMY
pamuycy 3JIEKTpOHA M JaJIbHEHIIIee pacCMOTPEHNE Ha OCHOBE JIAHHOW MPUOIMKEHHOW MOJIeNH Tpedy-

€T YTOUHCHUA.

5. BMecTo 3aK/1109eHHs — HepelleHHbIe MP00JieMbl

5.1. O npupoae mapoBoii MOJTHUHA

[Ipupona mapoBoit MOJIHUM 710 CHX MOp ocTtaercs 3araakoi [136, 137]. I1JI. Kanuna [138] 6o-
nee 40 net Ha3aj MPEUIOKUIT PE3OHAHCHYIO MOJECIb IIapOBOM MOJIHUU. B Hell BriepBhie BOSHUKHOBE-
HUE U YCTOWYMBOCTH LIAPOBOM MOJHHH OOBICHIETCS BO3AEHCTBUEM KOPOTKOBOIHOBBIX PE30HAHCHBIX
ANEKTPOMArHUTHBIX KOJIeOaHU BO BpeMsl IPO3bl Ha IBUKEHHE HOHOB.

Pezonancuas moxens [1.JI. Kamuibl, 00bsICHUB MHOTOE, HE OOBSICHUTIA TJIABHOTO — MPUYHH BO3-
HUKHOBEHUSI U CYIIIECTBOBAHMS MHTEHCHUBHBIX KOPOTKOBOJIHOBBIX 3JIEKTPOMATHUTHBIX KOJEOAHHI BO
BpeMSI TPO3BIL.

B pa6ote [129] na ocHoBe psiia monoxkenuit [53, 80, 81, 113, 114, 138, 139] o Tom, uro:

1) BHyTpH 1IapOBOM MOJIHUU CYILIECTBYET PE30HAHCHOE KOPOTKOBOJIHOBOE 3JIEKTPOMArHUTHOE W3-

JTy4yeHHe (JUIMHA BOJIHBI A COM3MepHMa ¢ ee reoMeTpudeckumu pasmepamu d [138]);
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2) Hanbonee yCTOMYMBBIME COCTOSHHSMH JBUKEHHUS B IIPHPOJE ABJIAIOTCS pe3oHaHcHsle [114], xa-

pakTep KOTOPbIX €MH U HE 3aBUCUT OT MPHUPOAbI B3auMoaencTByromux ten ([53], c. 89);

3) HeycTOHUMBBIE COCTOSIHUSL B CTATUKE MOTYT CTaTh yCTOMYMBBIMM B JMHAMHUKE (JIOBYUIKHM JUIS 3a-
PSUKEHHBIX 4YacTull, nepeBepHyThld MasTHUK [1.JI. Kanuiel BHE M B 30HAaX MapaMeTpUYECKOIO pe30-
HaHCa, CHCTEMBbI U3 OJTHOTO, IBYX U OOJiee HAMarHUYEHHBIX TUPOCKOMNOB mpu pe3oHance) [80, 81, 113,
114];

MIpeIJI0’KEHa CaMOCOTIIaCOBaHHAsl PE30HAHCHAs MOJIENb LIaPOBOI MOJTHUH.

[TpeamnonoXxum, 4TO MPHU TPO3€ MPOUCXOIUT MOUTHBIN pa3psa. "JIluneliHas" monHuUs (01HA, B OCO-
OCHHOCTH JIB€) MPHUBEAET K MHIYIIMPOBAHUIO MEPEKPECTHBIX, KPATKOBPEMEHHBIX MAarHUTHBIX U DJIEK-
TPOMarHUTHBIX mosel (u3myuyatens [epua [53]) . B pesynbrare nBukeHue oOpa3oBaBIIMXCS MOHOB
OyJeT MPOWCXOJUTh B CIOXHBIX KOMOWHHUPOBAHHBIX 3JEKTPOMATHUTHBIX MOJNAX ("MOCTOSHHBIX" U
nepeMeHHbIX). HaBeneHHbIE "MOCTOSHHBIE" MAarHUTHBIE TOJISl BHI3OBYT HOSIBIIEHUE KPAaTKOBPEMEHHBIX,
Pa3HONIOIAPHEIX TOKOBBIX BUTKOB CO CIIOKHON KOH(UTypamuei — 4 u 4 . B mepBoM NpHOIMKEeHNH
CHCTEMY M3 JBYX TOKOBBIX BHTKOB A, fi OyJIeM paccCMaTphBaTh KaK HAMATHHYEHHBIE ¥ MPOTHBOIO-
JIO’KHO 3apsKEHHBIE TUPOCKOMBL. [Ipu onpeenieHHbIX yCIOBUIX B TAKOW CUCTEME BO3MOKHO BO3HHK-
HOBCHHE MArHHTOPE30HAHCHBIX, YCTOMUMBBIX JUHAMHUYCCKUX COCTOSHHIL HA PACCTOSIHUSX F~Fg=)/m,
r7ie ¥ — TUpOMarHuTHoe oTHoienue, m — macca [80]. Takum oOpazoM, pa3psig MOJTHUH, MIPU OTpEIe-
JIEHHOM CT€UYEHHUH OOCTOATENHCTB MOXKET MPUBECTH K MOSBICHUIO CAMOYCTOMYHMBOTO CTYCTKA IJIA3MBl.

CaM MexaHH3M BO3HMKHOBEHHS YCTOWYHMBBIX COCTOSIHUM JBMKEHHS MPH PE30HAHCE JOCTATOYHO
npocr [80, 81, 114]. 3a cdeT mpeneccuy HaAMAaTHHYEHHBIX 3apKEHHBIX THPOCKOMOB L', 4 , OMHOTO B
oJIe JPYroro, Ha OMpeAeNIEHHBIX PACCTOSHUSX 7o MPU PE30HAHCE MOXKET BO3SHHKHYTH OTTAJIKHMBAHHE
JTUTIOJIE BMECTO MPUTSKEHUS, U CUCTEMA CTaHEeT ycTonuuBoit [80, 114].

OrneHuM mapaMeTpsl Takoi cuctembl. "M3BecTHO, 9TO 3((HEKTHBHOE MOTIIONIEHUE U3BHE MHTCH-
CUBHBIX PaJMOBOJH 3JEKTPOMAarHUTHBIX KoJieOaHW HMOHM30BAHHOTO Ta30BOro 00JaKa-Miaa3Mbl MO-
KET MPOUCXOJUTH TOJIBKO MPH PE30HAHCE, KOTJa COOCTBEHHBIN MEPHO 3NIEKTPOMAarHUTHBIX Koleha-
HUUW IJ1a3Mbl COBIMAJET C MEPHOJIOM MOTJIOIMAEMOro U3iayuyeHus ... Eciu cuurtath, 4TO morioniaemas
9acTOTa COOTBETCTBYET COOCTBEHHBIM KOJeOaHUSM CQEpbl, TO HYKHO, YTOOBI JUTMHA ITOTJIOMAEMOM
BOJIHBI ObUTa MPHUOTU3UTEIBFHO PaBHA YETHIPEM IUAMETpaM IIapoBoi MoyHMU (TouHee A =3,65 d)"
[138].

HawnbGonee yacto HaOMOAAIOTCS MAPOBBIE MOJTHUU ¢ quameTpom oT 10 10 20 cM, KOTOpBIM OymyT
COOTBETCTBOBaTh UIMHBI BOJH OT 35 mo 70 cm. Ilpu d~10 cm, yuurtbiBas u3BecTHbIE (HOPMYIIbI:
r=el(2mc), 1=3,65d, d=2r,, d=vI(yH), w=yH, No/Vi=4mc*/(&*d"), E=mv*/2=(mc*/2)(d/1)*; momyunm:
E=(0,2-16) Mx, No/Vo=m/m-(3-96)10'® wactun/xy6. cm, H=(17-400) M»; mns m=(1-32)m,, (po-
TOHA).

Takum 00pa3omM, BHYTPH IApOBOW MOJHHH, ToMUMO npeanonaraembix [1.JI. Kanwmel kopot-

KOBOJIHOBBIX 3JICKTPOMAarHuTHBIX KOJ'IC63HI/II>1, CYHECTBYIOT OOIOJTHUTCIBHO 3HAYHUTCIbHBIC MarHuT-
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HBIE TIOJIT ~M»3. B mepBoM nmpuOMMmKeHHH MIApOBYI0 MOJHHIO MOXHO paccMaTpUBaTh KaK CaMOycC-
TOMUYMBYIO IJa3My, "yaep)kuBarollyio" camy ce0si B COOCTBEHHBIX PE30HAHCHBIX NEPEMEHHBIX U IO-
CTOSIHHBIX MarHUTHBIX MOJSAX. Pe30HaHCHas Mozenb LIApOBOM MOJHUU IpU e€e 0ojee CTpOrom pac-
CMOTpPEHUH, BO3MOKHO, ITO3BOJIUT OOBACHUTH MHOTHE €€ OCOOCHHOCTH HE TOJIBKO KaUeCTBEHHO, HO U
KOJIMYECTBEHHO, B YAaCTHOCTH IOJIYYUTh SKCIEPHUMEHTAIBHO CaMOYCTOHYMBBHIC IJIa3MEHHBIE Pe30-
HaHCHbIE O00pa30BaHUs, YIPABISEMBIE JCKTPOMATHUTHBIMU NOJSAMH. JIFOOOMBITHO 3aMETUTh, YTO
TeMIlepaTypa TaKol CaMOYIEp KMBAIOLICHCS IU1a3Mbl B MOHUMAHUM XaOTHYECKOIO JABHMXKEHHs OyIeT
"6ym3ka" K HyJII0, TaK KaK Mbl MIMEEM JIeJI0 CO CTPOT0 YHOPSII0UYEHHBIM CHHXPOHHBIM JIBUKEHUEM 3a-
psokeHHBIX YyacTHl. COOTBETCTBEHHO BpeMs >KU3HU f) IIapOBOI MOJIHMHU (PE30HAHCHOM CHCTEMBI) Be-
Ko ~ Q (mobpotHOCTH). YuuThIBas (HopMyITy AJIsl TIOJTHOW MOIIHOCTH M3IIyYEHUS JBIKYIIMXCS 3a-

PAXKCHHBIX YaCTHI IO OKPY>KHOCTH B ITIOCTOSSHHOM MAarHMTHOM IIOJIC:

P=2Noe' HV1(3m*(1-V71c%)),

0Ty 9rM OLeHKy P~25-500 Br, pu d~10 cM, cooTBeTCTBEHHO fo~E/P~4*10° c.
Hwxe npencrapiieHa Tabiuiia 3HAYCHUN MapaMeTPOB, IMOJYUYSHHBIX M3 CAMOCOTJIACOBAHHOU pe-

30HAHCHOW MOJIETU IIapOBO MOJTHUM M JaHHBIX HaOmroxeHuit [136, 137].

Tabnuna 4
[TapameTtps! mapoBoit moauu (a1 d ~ 10 cm)
JlanHbIC E, Mmx Ny/V,, gact./em’ H, > to, C T,°K P, Br
Pacueros (0,2—16) (3-96)*10' (17—400) 4%10° ~0 25-500
[136, 137] (0,85-9,5) 5,8%10'° 170 1-10° 4000 10—500
[J/ctp. [136]/71 [141]/80 [136]/80 [136]/66,46 [136]/76 [137]/25

[Tpumeuanne: H - nose Ha paccTosHUM ~1 M OT MOJTHHM (K COXKQJICHHIO pacCTOsiHME B citydae [136] mo kojokoia TOYHO
HE M3BECTHO).

5.2. AHOMaJIbHBbIE CBOICTBA AKTUBUPOBAHHOM BOBI

deHoMeH OECKOHTAKTHOM AJEeKTpoXuMHUuecKoil aktuBanuu xuakocredt (BAXK) teopetnuecku
ow11 mpenckasan WU.JI. I'epmoBunbiM B 1982 romy Ha ocHOBe pa3paOOTaHHOW UM (HU3UYECKON TEOpPUH
¢byHnameHnTanbHoro nois [124]. DkcniepuMeHTaNbHble AaHHBIE IO OECKOHTAKTHOM 3JIEKTPOXUMUYE-
ckoii aktuBaimu (3XA) 6butn BriepBblie omyonukoBanbl B.M. baxupom B 1992 roxy [125].

['epMeTHUECKH TOHKOCTEHHBIE 3aKpBIThIE €MKOCTH (aMITyJibl MM KamcCyJjbl), TuO0 TpyOka u3
nonuxjopsuHmwia (I1XB, auamerpoM 3 MM, TONIIUHON CTEHKH 1 MM) ¢ (PU3HOJIOTHYECKUM PAaCTBOPOM
MOMEUIATNCh B paboune Kamepsl (aHOAHYIO WIIM KAaTOJHYIO) 3JIEKTPOXUMHUYECKOro JuadparMeHHOro
aKTHBaTopa. AKTHBALUS aMITyJl, KaK MpaBuiio, Benack Mo 30 MUH. IpHU BKIIOYEHHOM TOKE, JINOO MpHU
TOKE, BBIKJIFOUEHHOM HENOCPEACTBEHHO MEpe]] MOrpy>KEHNEM €MKOCTEH ¢ (PU3HOIOrMYECKOM pacTBO-
poM B DXA cpenpl.

B TabGnuue 5 npencraBieHbl OKa3aTeNu A pacTBOPOB B amityJiax mnocie 30 MUHYT O€CKOH-

TaKTHOU akTuBauuu [126].
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Ta0muma 5

IMapa- | Ucxon. | Auomur | Karomur | AJIAQ ACAQ ADAO AJIKO ACKO ADKO
merpsl | Duspa- AJIAP ACAP ADAP AJIKP ACKP ADKP
CTBOp
pH 6,7+£0.2 | 1,1 11,5 —0,840,1 | —0,2+0,1 | 0,1£0,2 0,5+0,2 0,2+0,15 —0,4+0,1
13401 | —0,540,1 | 0:2+0.15 0,8+0,2 | 0,4+0,2 0.240.1
OBII, |260+5 | 1135+15 | _g45+5 | 110£10 [ 31+8 — 8045 _490+7 | —28045 23+7
MB 1507 13055 | 13044 —560+10 | —3706 | 3010

rae AJIAO = pH (OBII)mao—pH (OBID)ucx. ¢uspactrop; JI, C,® — marepuan amiryisl (J1aBcaH, CTEKIO, (GTOPOIUIACT); A —
akTuBanus B aHonure, K — B xatonute; P (O) — akTuBanus npu TOKE, BKJIIOYEHHOM (BBIKIIOUEHHOM) HEIOCPEICTBEHHO
Triepest Norpy>keHueM eMKocTel ¢ huzpactBopoM B DXA cpessl.

Taxum 00pazom, mociie SKCIO3ULIUN TePMETU3UPOBAHHBIX aMITyJl ¢ (PU3HOIOTMYECKHM PacTBO-
poMm B aHonuTe WK B kKatonute nokazatenu pH u OBII ¢usnonornyeckoro pacteopa CymecTBEHHO
M3MEHSJTUCH, YTO MOXET PacCMaTPUBATHCS KakK MPOSBICHHE 0eCKOHTAKTHOTrO DXA. IOT0T 3hPekT Ka-
YECTBEHHO OJMHAKOB MpPU paboTe 3IEKTPOIU3Epa U MPH €ro BBHIKIIOYCHUH. AHOIHUT U KaTOJIUT JIEHCT-
BYIOT Ha (PU3UOJOTMUYECKUI pacTBOp depe3 CTEKIIO, JlaBcaH M ¢ToporuiacT. [Ipu 3Tom ans cTexnia u
naBcaHa HarpaBieHHOCTh m3MeHeHuit pH u OBII cooTBeTCTBYeT 3HaKy 3JEKTPOXMMHUUYECKOW 00pa-
00TKHM (aHOJHOW WJIM KaTOAHOMW), a i (TopoIuiacTa XapakTepHa WHBEPCUS 3HAKa AJICKTPOXHMHYE-
ckoil obpaboTku. Yepes 2 vaca nmokazatenu pH u OBII, u3meHneHHsle B pe3yibTare O€CKOHTAKTHON
OXA, noaBepraroTcst pejgaKcalu, 9To CBUJAETEIbCTBYET 00 OTCYTCTBHU MPOHUKHOBEHUS CTAOMIIBHBIX
MPOJIYKTOB AJIEKTPOJIN3a BHYTPh 3aKpHITHIX amiryi. ClienoBaTenbHO, OECKOHTAKTHAasE D XA OCYIIECTB-
JISIETCS HA DHEPTEeTHYECKOM YpPOBHE 0€3 COMyTCTBYIOIIETO TpaHCIoOpTa (MaccooOMEHa) MOHOB uepe3
CTeHKy amity [126].

Jlnis BbISICHEHUS pUpoAbl (peHOMeHa OECKOHTAKTHOW aKTHUBAIIMH MbI IPOBENN JONOIHHUTENb-
HbIE OMBITHI [ 127].

OmnbiT 1. 'epMeTHYECKH TOHKOCTEHHBIE TIOJIMATUIICHOBBIC MAKETHI (TONMIMHA TIeHKH ~ 0,1 MM)
C TUCTHWJTMPOBAHHOW BOJIOH MOMEIAINCh B paboUuyl0 KaTOJHYIO KaMepy 3JIEKTPOXMMHUYECKOTO —aK-
tuBatopa "Ocnepo-1". AxktuBauus Benaach 30 MUHYT NP BKIIOYEHHOM TOKe ¢ nuadparmoit u 6e3. Pe-

3yJbTaThl IPUBEACHBI B Tabau1e 6.

Tabauna 6
[TapameTpsr Hcx. nuct. Bona Cpena kart. Cpena xar. 6e3 Anak. ¢ auadp. Amak. 6e3 muadp.
c mmad. Jqradp.
pH 7,240,2 10,7 7,6 —0.4+0,2 —0,4+0,2
OBII, MmB 264+5 —873+£5 -460+5 —364+20 —384+20

rae Anak. ¢ quadp = pH (OBIDnak. ¢ auadp. — pH (OBID)ucx. auct. Boabl.

OmnbIT 2. ['epMeTHYECKH TOHKOCTEHHBIE TOJIMATUICHOBBIE MAKETHI (TONIIMHA TIeHKH ~ 0,1 MM)
C JUCTWIJIMPOBAHHOW BOJOM MOMEIIATUCH B LMWIMHAPUYECKHE €MKOCTH W3 IMUIIEBOrO AIIOMHUHUS U
mactMacchl (da,=14 cMm, d,=14 cm), HamonHeHHBIe KaTonuToM. Karomut (pH=13,5, OBII= - 950 MmB)
nostydanu Ha ycraHoBke "MU3ympyn-CHU". AxtuBanus Benack 30 MUHYT B CBEXKEIIPUTOTOBIIEHHBIX pac-

TBOpax. Pe3ynbTarhl puBeieHb! B Ta0IuUIE 7.
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Tabmnuua 7

[Mapamerper | Mcx.mucr.Boga | Aan Aan+iir Aanttd Aas+mn Ann At
pH 7,5+0,2 —0,3+0,2 0+0,2 —0,8+0,3 —0,4+0,3 —0,4+0,3 0,3+0,3
OBII, MB 28943 —749+10 | —245+10 —301+10 —175+10 —165+15 —280+15

rne Ax =pH (OBII)x — pH(OBII) ucx. AuCT. BOABI; aJI+IUIT — KATOJIUT HAJMT B TOHKUH MMOJIMATHICHOBBIH naket (~ 0,1
MM), IZIOTHO MPHJIETAIOMNI K CTEHKaM aJl. EMKOCTH; al+T¢ — aJ. EeMKOCTb C TOHKOCTEHHBIM TE()JIOHOBBIM TIOKPHITHEM;

QJIHIUT — KaTOJIUT HAJIUT B IUL. €MKOCTH (C TOJIIMHOM CTEHOK ~ 2 MM) M [TOMEIIEHHYIO B aJl. EeMKOCTb; I+ — K CTEHKaM
IUL. eMKOCTH IUTOTHO PUMBIKAaeT TOHKas aj. (obra.

OmnbiT 3. Jlusnexkrpuyeckue cocynpl ¢ anoauToM U karonutoM (V = 100 mi1.), IpUroToBieH-
Hele Ha ycraHoBke «M3ympyn-CHU» mnpu Va=Vk =5 n/gac, nomemanucey B c.B.4.-nosne (P = 1 KB,
v=2.4 I'T) Ha | MuHYTY, [TOC]Ie YETO U3MEPSUIN UX MapameTpsl. [lapannenbHo HarpeBanu aHONUT U
KaTOJIUT 32 1—2 MUHYTHI B BOASIHON OaHe U MPOU3BOIWIM 3aMePbl UX NapaMmeTpoB. Pe3ynbTaTsl npuBe-

IeHbl B Ta0mume 8.

Tabmuua 8
ITapameTpnl Hcx. pactBopbl C.B.4. Harpes
AHOJIHT KaTOJIHUT AQHOJIHT KaTOJIHUT AQHOJIUT KaTOJIHUT
pH 3,9 12,4 3,0 13,1 2,7 13,0
OBII, MB 1108+10 —960+10 1093+£10 —253+10 1085+10 —928+5
T, rpan C 22+40.1 22+0.1 50£2 50£2 5042 50+2

W3 BhIIETIPUBEICHHBIX ONBITOB CIIEIYET:

1) 0ecKOHTAKTHAA JIeKTPOXMMHUYECKAS AKTUBALMS BOJbI HA0JII0aeTCsl PU MAJIOH TOJIIIHHE
AMIJIEKTPUYECKOM Mmeperopoaku (MM M MeHee) M 3aBHCHUT OT ee MaTepuaJa. /[y nmeperopoaku u3
oaHoro marepuaja, BAYK B anonHoi 1 kaToaHOH KamMepax uMmeeT pasHbii 3Hak AOBII (Ta6.1.5);
2) BAXK npoucxoaut kak ajs XA Boasbl ¢ ruadparmoii, Tak u 6e3 (TadJa. 6);

3) AOBII yBesimunBaeTcsi NPH AKTHBAIUN B METAINYECKON eMKOCTH, JTH00 B METALJIMYECKOI
€MKOCTH ¢ TOHKMM HENPOBOASIIIIMM IMIJIEKTPUYECKUM MOKPbITHEM (Ta0J1. 7);

4) 3¢ppeKT HeTeNJI0BOI0 BO3ACHCTBHUSA C.B.4.-10JI HA KAaTOJHT (pe3koe ymeHnbimenue OBII, Tad..
8).

AHomainbHbIe cBOHMCTBa 1-4 (heHOMEHaOB OECKOHTAKTHON SIEKTPOXMMHYECKON aKTUBAIIUU
MO>KHO JIOCTaTOYHO MPOCTO OOBSICHUTH BOZHUKHOBEHUEM BOJIM3M aHOJA U KaTOAA YCTOWYHMBBIX BBICO-
KOPHEPIreTHUECKUX PE30HAHCHBIX CHCTEM M3 OCHWLIMPYIOIUX aunonel (aBa u 6omiee) — Boasl, OH
[80, 114, 127-129]. B cTatuke Takue CHCTEMBI U3 TUTOJCH HEYCTOMYMBHI (3PQEKT KoJutarnca), HO B
JUHAMHKE MPH pe30HaHce MposBigercs 3(PQPexT TMHAMHUYECKON CTaOMIn3aliyd HEYCTOWYHMBBIX CO-
ctosHui (puc. 386) [80, 114, 129].

IlepeMeHHOE 2JIEKTPOMAarHUTHOE TOJE€ OT pE30HAHCHOM CHUCTEMBl  JABYX CHHXPOHHO-
ocummmupyromux aumonei (COJI) [80] mmeeT y3kmii ciekTp 9acToT (pe30HaHCHBIN 3P QeKT) u ObICTpO

y6bIBaer ~ 1/1" (roe n>3).
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Puc. 39. K unrepnperanuu ¢eHomeHa 6€CKOHTAKTHOM aKTUBAIIMU B KUAKOCTH

Kax u B cmyuae ([130], c.118) kameprona (puc.39a), 1160 konedaTenbHOro KOHTYypa (puc.390)
koJnebanus coctaBHbiX yacteir CO/l (puc.398) — qunoneii Py, P,, mpu pe3onance, Tak u B ciiydasx a) u
0), mpoucxoaat B mpotuBodasze. B pesynbrare, uznydenne or COJ] ObICTpo yOBIBaE€T C pacCTOSHUEM
(puc. 39 1, 1) 1 cucreMa UMeeT OOJBIIYI0 TOOPOTHOCTD (BPEeMsl KU3HH).

Maxkcumym crektpa nznydenuit or COJl ckopee Bcero npuxoAuTcsl Ha AMANa3oH 4acToT C.B.4.,
Tak kak s OH™ xapakTepHble 4acTOThl BpallaTeiabHbIX MepexonoB ~ 2 [T (minHa BONHBI A, =18
cM). TloaToMy OecKOHTaKTHasi aKTHBAIlUS MOXKET NPOUCXOAWUTH TOJIBKO 4Yepe3 TOHKHWE CTEHKH, Ha
om3kux paccrosHusax oT COJl, u OyaeT cymecTBEHHO 3aBUCETh OT CIEKTPATbHBIX CBOMCTB MaTepra-
na-nieperopoaku. Ycuienne BAXK B MeTauiMyecKux €MKOCTSX HWIMHIpHYEcKOod (opmbl (Tabmn.7)
MOKHO OOBSICHUTH yCHJICHHEM 3(P(PEKTHUBHOTO C.B.U.-TIOJIS 33 CUET OTPAKEHUS OT MPOBOJIAIIMX IIO-
BepxHocTel (3dexT c.B.u. pesoHaropa). Cnenyer oxunare ycuienus bAXK npu pasmepax emkocteit
~ho, Mo/2.

B T0 e Bpemsi xopoiio M3BeCTHO [126], 4TO OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIA MOTEHIIAAI
(OBII) — BakHeWIINIT TOKAa3aTENb 711 BHYTPEHHUN Cpellbl OpraHrn3Ma YejoBeKa — HIMEET OTPULIATEb-
HbIE 3HAYEHUS, KOTOpbIe OOBIYHO HaxonaTcs B mpenenax oT —100 go — 200 mwuBonsT (MB). OBIIT
MUTHEBOM BOJbI MPAKTUUECKHU BcerAa OoJiblle HyJsl U OObIYHO HaxonuTcs B mpezenax oT +100 mo
+400 MB. DT0 cripaBeyTMBO MPAKTUYECKHU I BCEX THUIOB MUTHEBOM BOJBI — BOAOIPOBOJIHON, OYTH-
JUPOBAHHOU M MOJy4aeMOil Mociie OYUCTKH B YCTaHOBKax 00paTHOro ocMoca U OOJIBIIMHCTBA pa3Ho-

O6pa3HLIX OOIBIINX M MaJIbIX BOAOOYHNCTHUTCIIBHBIX CUCTCM.

KOFI[a OGBI‘IHEUI IMUTBCBAd BOJA MPOHUKACT B TKAHU YCIIOBCUCCKOTO OpraHnuimMa, OHa OTHUMACT
AJIEKTPOHBI OT KJIIETOK U TKaHEH, KOTOpbIe cOCTOAT M3 Boabl Ha 80 — 90 %. B pesynprare sToro 6uoo-
THYECKUE CTPYKTYPBI OpraHu3ma (KJICTOYHbIE MeMOpPaHbI, OPTaHOU/IbI KIIETOK, HYKJICHHOBBIE KHCIOTHI
U JIpyTHe) MOJBEPrarOTCs OKHCIUTEIBHOMY pa3pylleHHI0. Tak OpraHu3M H3HAIIMBAETCS, CTapeer,
KU3HEHHO BAYKHBIE OpraHbl TEPSIOT CBOIO (QyHKUMIO. Ho 3TH HeratuBHbIe NMPOIECCHl MOTYT OBITH 3a-
MCIJICHBI, €CJIN B OpraHu3M C IMUTbEM H HI/IIlIGﬁ moctymnacT BoJa, 06.]'[21)13}011135[ CBOMCTBaAMU BHYTPCH-

HEW cpeapl OpraHu3mMa, T.€. aKTUBHpOBaHHAasA U ¢ oTpunatenabHbiM 3HaueHrneM OBII. Eciau nutheBas
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Boza umeet OBII Gonee oTpunarensuelil, uem OBII BHyTpeHHEH cpeibl opraHnu3ma, TO OHa TOIIHUTHI-
BAa€T €ro 3TOM AHEprueil, KoTopas HCMHOIb3yeTCs KIETKaMU KaK YHEPreTHUECKUU pe3epB aHTHUOKCH-
JAHTHOM 3aIlUTBl OpraHu3Ma OT HeOJIaronpusATHOIO BIUSHUS BHelHel cpeasl. K npumepy, 6bu10 yc-
TaHOBJICHO, YTO NPH MOCHUHU MBbIIIEH, 00TyYeHHBIX CMEPTENbHOM 1030l PEHTI€HOBCKOTO M3IYUYEeHHUS,
Bogoii ¢ OBII= — 450 MB cmepTHOCTH yMeHbIIMIAch ¢ 96 10 10 % 1o cpaBHEHMIO C KOHTPOJIBHOM
TPYIIIOH, KOTOPOH JaBayii OOBIYHYIO (HEAaKTHBHPOBAHHYIO) BOJOMPOBOIHYIO BOIY C IOJIOKUTEIEHBIM

OBII [126].

C npyroii croponsl uzecteH crnocod b.M. KuceneBa 6ecKOHTaKTHOM aKTHUBAlMM PAacTBOPOB
MarHuTHeIM 1osieM, Y @O, na3epoM ¢ IONOIHUTEIbHBIM BO3ACHCTBHEM T'€HEPATOPOM AKYCTUYECKHX
KoJ1e0aHui, MEHSIOIIUM CTPYKTYPY MUKPOKJIACTEpOB BOAbI OT ~ 20 nunosneit no ~2-3 [144, 145]. Cam
croco0 Hames NIMPOKOe MPUMEHEHHUE /IS JIEYEHUsI MHOTMX 3a00JI€BaHUN U YKPEIJICHUs HMMYHUTETA.
Ha ocHoBe mMeTona 3.11.p. aBTOp 00HApPYXKWJI pa3yKpyImHEHUE MUKPOKIAcTepoB B Boje 110 2—3 ('xaoTu-

yecku'"-Koseomomuxcs qunoiiek ¢ yactoramu 10-20 I'ip [144]).

Ha ocnoBe ob6HapyxeHHBIX 3pdekToB BAX [127] Obutn pa3paboTaHbl pa3IuIHBIE YCTPOMCTBA
JUIsi OECKOHTAKTHOM Oe3auadparMeHHONW akTHUBAlUU (DU3pacTBOPOB, B YACTHOCTH KameiabHUIL [146].

OmBITH TOKA3a7IM BO3MOKHOCTh O€CKOHTAKTHOM aKTUBALIMU B CO3/IaHHBIX KalleIbHUIIAX:
a) kpoBH, ¢ u3meHenueM e€ OBII ot ucxognoro +290 mV no —270 mV;
0) ¢puzpactBopoB, ot +270 mV go —140 mV.

Bpewmst pemakcanuu OBIT 6ecKOHTaKTHO-aKTUBUPOBAHHBIX JKUIKOCTEH B OMBITaX COCTABIISIIO

~2 Yaca.

5.3. PezonancHoe Bo3aeicTBHE MOJIel HA OMOJIOTHYEeCKHE CHCTEMbI

[Tosxamyii HU OJTUH U3 COBPEMEHHBIX CIIOCOO0B OECKOHTAKTHOM TMAarHOCTUKU U TEPANuH HE
BBI3BIBACT TAKOE OOJBIIIOE KOJTUYECTBO MPOTHUBOPEUYUBBIX TUCKYCCH, Kak (PEHOMEH PE30HAHCHOM
MusunMeTpoBoil Tepanuu (KBY-Tepanun) 1 31eKTpOMyHKTYPHOIO TECTUPOBAHUS MEINKAMEHTOB
[131-135] . Kak B ToM, Tak u ApyroM ciydae pedb HUAET O HU3KOIHEPTeTHUECKOM OECKOHTAKTHOM
BO3JICHCTBUU Ha OMOJIOTUYECKUE CUCTEMBI.

B cyyae KBY-Tepanuu Bo3eicTBUE MM-U3TyYeHHEM Ha ONpPENeIeHHBIX YaCcTOTaxX, C MOIIHO-
ctbio P=20-0,001 MBT/cM” 1 MeHee Ha YeloBeKa (uarpes Tkaneit 0,1°C u MeHee) IPUBOIUT K BBICOKO-
s dexruBHOMY (~95-98 %) NedeHno OOIBIIOT0 KOTUYeCTBA 3a00JIeBaHU.

@DeHOMEH IEKTPOIMYHKTYPHOTO TeCTUpoBaHUs MenukaMeHTOB (POTM) Obu1 otkpsIT P. doin-
nem B 1954 rogy B xone coBmecTHBIX uccieaoBanuii ¢ M. I'mazep-Tropk. Heoxxumanno Ow110 ycra-
HOBJICHO, YTO HaxoJsuIrecss BOJU3U TOYEK aKyMyHKTYPhl YEJIOBEKa Pa3IUYHble MEIUKAMEHTBHI MOTYT

CYHICCTBCHHO HU3MCHATH JJICKTPUUYCCKHUC IMAPAMETPBI IMOCICAHUX B JIYUHIYHO WK XYAUIYHO CTOPOHY

[132].
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Uccnenoanus, nposeneHHsle @. MopemieM, MoKa3ajld, YTO MEJUKaMEHTBhI, YJIy4llIaroliue
ANEKTPUYECKUE MapaMeTphl Ononorndecku akTuBHbIX ToueK (BAT), npu ux mocnenyromeM BBEICHUH
B OpraHu3M 00JpHOTO yxe Yepe3 15—-20 MUHYT CrTOCOOHBI YMEHBIIATh CKOPOCTh OCEAaHUs SPUTPOIIU-
ToB, Haripumep ¢ 40 1o 20 mm/gac [132].

HuTepecHbIM oKazajcs TOT (GakT, YTO FPQPEKT IMEKTPOIYHKTYPHOTO TECTUPOBAHUS METUKA-
MEHTOB BOCIIPOM3BOIMIICS IAKE B TE€X CIy4asiX, KOTJa TECTUPYEMbIN MEIMKAMEHT HaXOJAUJICSA B CTEK-
JITHHOM amItyJie, OCJIEI0OBAaTEIbHO «ITOAKIOYANICS) B U3MEPUTENBHYIO LIENb MIEKTPOAUArHOCTHYE-
CKOTO mpubopa, MoMeIIancs Ha KOy MalyeHTa Wi BHYTPh MAaCCUBHOTO WJIMHIPHUECKOTO (OTpHIIa-
TEJIBHOTO0) JIEKTPO/a.

JanpHeiimue uccnenoBanusi, BeinosHeHHbIE P. @omnem n @. Kpamepom, nokasaniu, 4To BOC-
MIPOU3BOUMOCTH (PEHOMEHA AJICKTPOITYHKTYPHOTO TECTUPOBaHUS MeaukaMmeHToB (DD TM) He 3aBHCHT
OT TOT0, B KaKoii (hopme Wi BUJIE TECTHPYETCS JIEKaPCTBEHHBIH Mpenapar, HarpuMep B BHJIE PacTBO-
pa, TabJIeTOK, MOPOIIKOB, TI00YJI, 3aKIIOYCHBI JIM OHU B CTEKJITHHBIC aMITyJIbI, aTFOMUHUEBYIO (OIBIY
unu 6enyro Oymary.

Pesynbratel, nonydensasie P.@omeM u ero KojuieraMu, He TOJIBKO MOJI0KHUIIM OCHOBY B paspa-
OOTKY HOBBIX METOJIOB TepaIui, OCHOBAHHBIX Ha WHAMBHUIYyAILHOM MOJ00PE JTEKAPCTBEHHBIX CPENICTB,
OTIpe/ICTICHUH MX ONTUMABHBIX I03UPOBOK U COBMECTUMOCTH MEXKIY c000i1 O0e3 BBeIeHHUSI B OPTaHU3M
YeJI0BEeKa, T.€. JUCTAaHTHO, HO U MOCIY>KUJIM CTUMYJIOM K UCCJIEOBaHHUIO OMO(PU3NYECKUX MEXaHU3MOB
Y CYyIIHOCTH JAHHOTO SIBJICHUS.

OpHOoM U3 MEPBBIX TUTIOTE3, C TOMOIIBIO KOTOPOU MBITATUCh 00bIcHUTE PO TM, Obliia TUnoTe-
3a 00 AIEKTPOMArHUTHOW MPUPOE B3aUMOICHCTBUS U3ITYUSHUH 0OBbEKTOB KUBOW U HEXXHUBOU (MeIH-
KaMeHTHI) Ipuposl. [Ipu 3TOM mpeamnonaranoch, YTo pa3IndHbIC JIEKAPCTBEHHBIE CPEACTBA UMEIOT
COOCTBEHHBIE CIIEKTPHI XapaKTEPUCTUYECKUX JIEKTPOMArHUTHBIX KOJieOaHU, BHI3BIBAIOIIUE B CITydae
COBMAJICHUS C YaCTOTOM 2IIEKTPOMArHUTHBIX KoJeOaHui OMOI0rndeckoro o0bekTa (OpraHoB, TKaHeH
KJIETOK, OSJIKOB H T.II.) PE30HAHCHBIN OTKJIMK, BRIPAXKAIOIIUNCS B U3BMEHEHUH JJIEKTPUIECKHX Tapa-
METPOB OMOJIOTUYECKH AKTHBHBIX TOYCK.

Jlnst moaTBepxAeHUS 3ToM runote3sl O. BepHepom Oblia mpeanmpuHsTa MOMBITKA T0KAa3aTENb-
CTBa TOTO, YTO PA3TUYHbIE MEIUKAMEHTHI (SIBIISIONINECS O0BEKTAMHU HEKUBOIM MPUPO/IbI) UMEIOT He-

OJIMHAKOBBIE CIIEKTPhI XapaKTEPUCTHUECKUX AIIEKTPOMArHUTHBIX Konebanuit (puc.40).
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Puc. 40. Mopenb uccie0BaHus CIIEKTPOB AIICKTPOMArHUTHBIX KOJICOaHUH
romeornatuyeckux MeaukameHToB (Bepaep @., 1966)

B kauectBe 00beKTOB HccnenoBanus @. BepHepoM OblIN B34ThI paCTBOPHl FTOMEONATHUECKUX
CPEIICTB B Pa3JIMYHBIX MOTEHIMAX. ['oMeonaTnyeckue cpeacTBa BBOJAWINCH B IINpULl. MeTamnyeckue
MOPIICHB U UTJIA MIMPHUIA CITY>KUITU SJIEKTPOJaMU JIJIsl TIOJKIIOYSHHSI K YCTPONCTBY, MIpe-
CTaBISIBIIEMY M3 c€0sl BRICOKOOMHBIM MOCT YUHCTOHA M T€HEPATOP IEKTPUUECKUX KoJeOaHuii ¢ vac-
TOTOM cieaoBaHust UMITyJibcoB oT 0, 9 1o 10, 0 I'i. B mportiecce 3Tux 3KCrepuMeHTOB OBLIO MOKa3aHo,
YTO pa3IMYHbIe TOMEONATUYECKUE CPEJCTBA, KaK U UX OTJENbHbIE MOTEHIIUN, UMEIOT HEOIMHAKOBbIE
PE30HAHCHBIE OTKJIMKHU Ha 3JIEKTPOMArHUTHBIE KOJIEOaHUs pa3INuHOM yacToThl. B wacTHOCTH, OKa3a-
JIOCh, YTO OCHOBHAsI PE30HAHCHAs 4aCTOTa TOMEONAaTHYECKOTo cpencTBa Aurum metallicum (30710T0),
cocraisieT 6 ', a y npenapara Belladonna — 9,2 T'mr.

N3 uucna apyrux uccnegopanuit ®I3TM ocoboro BHUMaHMs 3acaykuBatoT padboter @. Kpame-
pa, MOCBSIICHHBIE H3YUEHUIO JATbHOCTH U3ITy4YEeHUH 2JIEKTPOMAarHUTHBIX KOJIEOaHUN MEAUKAMEHTOB U
WX KPaHUPOBAHUIO PA3TUYHBIMU MaTepUaIaMHu.

JUJ1st OLIEHKH NATbHOCTH U3TYYCHUH MEUKAMEHTaMH 3JICKTPOMAarHUTHBIX BOJIH ObLIA UCTIONb-
30BaHa IMPOCTasi cXeMa IKCIEPUMEHTA, BKJIIOYABIas B ce0sl MOCTENEHHOE yIaleHHe MEUKaMeHTa OT
METAJTNYECKUX KOJIell Pa3IMuyHOr0 1aMeTpa, T.€. TECTUPOBaHNE MEIUKAMEHTOB UYepe3 BO3AYLIHBIN
3a30p, 00pa30BaHHBIN METANIMYECKUM IPOBOJHUKOM — KOJIBIIOM M CTEHKOW aMITyJIbl, COJIepIKalIei

JIEKapCTBEHHBIN npenapar (puc.41).

MENUKAMEHT
A BO3AYILHbLIA
3A30P
METANMAAYECKHE
KONbkUA PAZHOIO

AOWAMETPA @I

Puc. 41. Cxema uccieoBaHus JalbHOCTH JIEUCTBHS
AJIEKTPOMArHUTHBIX M3myueHnid MmeaukameHToB (Kpamep @., 1972)
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B Hacrosmiee BpeMst CI0KHO CyAMTH O TOM, KaKylO LI€JIb IIPECIEI0BA aBTOP IPH NPOBEACHNUN
9TOr0 3KCIIEPUMEHTA U MPEAIoaral Ju OH, YTO YCTAHOBJIEHHAs UM JAJIBHOCTb MU3JIyYEHUS AJIEKTPO-
MarHMTHBIX BOJIH MEIMKAMEHTOB, BAPbUPOBABIIAs B 3aBUCUMOCTH OT ITOTEHLIMU U CBOICTB TECTHpYE-
MBIX TpernaparoB oT 7 A0 21 MM, COOTBETCTBYET AiauHaMm BOJH nopsaaka I'Th. Cepun skcriepuMeHTOB
10 KPAaHUPOBAHUIO JIEKTPOMArHUTHBIX M3Iy4EHUH MEAMKAMEHTOB Pa3IMYHBIMU MaTepuallaMu ObUIN
BbInoHeHbl @. Kpamepom no nuuHoii npockde P. ®omns [132]. B xoxe 3Tux 3kcnepuMeHTOB ObLIH yC-
TaHOBJICHBI CJIeyromue (paKThl:

* ®OTM He BOCIPOU3ZBOAMUTCS, €CJIM TECTHPyEMas aMITyJia, CoAeprKalias MeIMKaMEHT, 3aBEPHY-

Ta B MaTepualbl, HE MPOITyCKarolue HHPpaKpacHOe U3Iy4YeHUe, HalpuMep, YepHas Oymara, Jie-

PEBO, KapTOH, MACKMPOBOYHBIN OPE3EHT U T.IL.;

* ®OTM He BOCIPOM3BOAMTCS, €CIIN TECTUPYEMasl aMIlyJjia, COeprKallasi MEIUKaMEHT, SKpaHu-

POBaHa JIMCTHSIMU 3€JICHBIX PACTCHWI WM MOMEIIEHa B PacTBOP XJIopoduiuia, reMorioonHa u

JIpyrue OUONIOTHYECKUEe Cpebl (CIIOHY, MOYY | T.I1.); OCJIA0JSETCs, €CIIM UCTIONB3YIOTCS JIUCThS

WIN JIEIECTKH KPAaCHOTI'0 1IBETa, U HE U3MEHSETCs TP UCIOIb30BAHNY JIETIECTKOB O€JI0r0 1IBETa;

* ®OTM He BOCIIPOU3BOJIUTCS, €CIIM TECTUPYEMOE JIEKAPCTBEHHOE CPEACTBO IOMEIIEHO B CTEK-

JISTHHYIO €MKOCTh TEMHOI'O [[BETA € TOJIIHHON CTeHOK DoJiee 5 MM.

Pe3romupys npuBeIeHHBIE BBIIIE JaHHBIC, YMECTHO CAEIAaTh BBIBOJ, YTO CIIEKTPBI JIEKTpOMAr-
HUTHBIX KoJeOaHWH JIEKapCTBEHHBIX MpEnapaToB TAaKXKe MOTYT JeXaTb B MHPPAKPaCHOM JAMANa3oHe
JUTMH BOJIH U TOTJIONIAThCS OMOJIOTHYECKUMU CPEIaMU.

DEHOMEHOJIOTHYECKH ONMM3KUMH K 3(PPEKTY TECTHPOBAHUS MEIMKAMEHTOB OTHOCSTCS DKCIIE-
pumentsl B.I1. KpaBkoBa [132]. /laHHBIE SKCIIEpUMEHTHI HE TOJIbKO yOemuTenbHO Aokaszanu 3¢dek-
THBHOCTb JGHCTBHS BHICOKHX TOTEHIIHH FOMEONAaTHICCKUX MpernapaTtoB (passeaeHus cabimre 107, Ho
U TI0 CYILECTBY NMPEABOCXUTHIN OTKpbiTHE DOTM.

CymHOCTh 3KCcTIepUMEHTOB, BhInonHEeHHbIX B.I1. KpaBkoBbIM, cBogunacek k cienyomemMy. Ye-
pe3 apTepualbHble U BEHO3HbIE COCYbl aHATOMUYECKOIO Ipernapara 00eCKpOBIEHHOIO yXa KpOJIMKa
uH}y3upoBaics GU3M0IOrNYECKUN pacTBOP, KOTOPBIM MO KAIuIIM BBITEKAJ U3 KaHIOJIU, BCTABIEHHON
B KOHEUHYIO 4acTh BeHbl. KOoIM4ecTBO MpoTEKarolIel M0 COCYyJUCTOMY PYCIY JKUIKOCTH B TEUEHHE
OTIpE/ICIEHHOTO NEPHO0/ia BPEMEHHU OIPENESUIOCH C MIOMOIIBI0 TOYHBIX BECOB, HA YAIlIKy KOTOPbIX Ma-

JTAJTA KaruTi (PU3HOJIOTHYECKOTO pacTBopa (puc.42).
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Puc. 42. Cxema ucciaeqoBaHud JUCTAHTHOTO JIEUCTBUS MEIUKAMEHTOB
Ha Ouonornueckune o0bekThl (Kpaskos B.I1., 1924)

B xoze npoBeeHHbIX IKCIEPUMEHTOB aBTOP YCTAHOBWJI, YTO IIOMEIIEHUE BOIM3H COCYI0B yXa
KpOJIMKa pa3IMYHbIX METAJUIOB (Meb, CBUHEL U T.II.), a TAK)KE PACTBOPOB a/pCHAJIMHA U JIPYTUX Jie-
KapCTBEHHBIX MIPENapaToB MOXKET MEHATh KOJIMYECTBO MPOTEKAIOIIEH 10 COCYIUCTOMY PYCITy >KHUIKO-
cTH (TI0 OTHOIICHUIO K KOHTPO0). TakuM 0Opa3zom, BIEpBble ObLT yCTAHOBIEH JUCTAHTHBIN (et
B3aMMOJICHCTBHS OOBEKTOB XMBOW M HEXHBOW MPHPOJHI, T.€. Mepenayn HHOOPMAIIMOHHBIX WK Xa-
PaKTEPUCTUYECKHX DJIEKTPOMATHUTHBIX CBOMCTB MEMKAMEHTOB.

®usuky nponeccoB KBY-tepanuu u @I3TM B 00mmx yeprax MOKHO OOBSCHUTH Ha OCHOBE
MPEITI0KEHHOW THUIMOTE3bl O BO3HUKHOBEHHMH BBICOKONOOpOTHBIX CO[J] (~1018) W3 CHUHXPOHHO-
ocrmuupyromux aumnonei (5.2, [127, 128]) B Boge. OCHOBHON KOMIOHEHT OMOJIOTMYECKUX CUCTEM —
Boma (>70 %). Boma, aktuBHpoBaHHas OECKOHTAKTHO TeM WM apyruMm crocobom (DXA, KBY,
®OTM, ...), npuobpeTaeT CBOMCTBA "Maszepa'" — CHCTEMbI BHICOKOAKTUBHBIX HOHOB, MOJICKYJT ""MHUKPO-
reHeparopos". B uacTHOCTH, BOJja, aKTUBUPOBaHHAs pe30HAaHCHBIM KBY — 351eKTpOMarHuTHBIM  U3-
JTydeHueM, nmpuobperaeT cBoiicTBa, poacTBeHHble DXA-akTuBauuu [127, 128]. B cBoem poae Mmose-
KyJbl aKTUBUPOBAaHHON BOJbI, KaK MOKa3aJl KIMHUYECKUH OMBIT UX HUCIIOJIb30BaHUA B JleueOHOM IieH-
tpe HUIL "UKAP" [135], — 310 cBOocoOpa3ubie MunmatiopHbie “KBU” reneparopsr ("KpemeBckue
TabneTKu"), KOTOpbIE, MPOXOS Yepe3 OPraHu3M, MPOBOIAT €ro “pecTaBpaluio’ - TeYeHHe pPe30HaHC-
HBIM oJieM. U mosToMy J1ake HeOOJIbIIOE KOJIMYECTBO BEIIECTB, PACTBOPEHHBIX B TAKOI BOJE, BBI3bI-
BaeT cylecTBeHHbIC d3PPEeKTh (3P PEKT, POACTBEHHBIN TOMEOIATHN).

MmuoxectBo Takux oTAeabHbIx COJl, oOnamarommx OOJBIION MOTEHIHMATLHONW BHYTPEHHEH
SHEpruey, Npu UX CUHXPOHMU3ALMU B KOHEYHOM MTOTe M MOTYT OTBeYaTh 32 UMMYHUTET OMOCUCTEM,
UX YHEPIreTUKY, OTKJIMK Ha BHEUIHKE "SHEProMH(POpPMaLMOHHBIE" BO3ICHCTBUSI.

Bo3MoxHO, MHOTHE HEMOHATHBIE ""aHOMalbHBIE" 3()()EeKThl B TanbHENIIEM HAlIyT cBoe 00bsC-

HCHHEC Ha OCHOBC pe3OHaHCHOﬁ TCOpHUHn HEIUHEHHBIX JUHAMHUYCCKUX CUCTEM.
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5.4. ConHue, ns3ny4yeHue N XusHb

Bpewms ot Bpemenu Ha CosHile HaOMIOAIOTCS TIEPUOJIBI BEICOKOW aKTUBHOCTH — OOpa3yrOTCs
«TISITHa» W TMPOUCXOJSAT TUTAHTCKHUE B3PBIBBI, IO MOIIK MOJO00HBIE SEPHBIM C BHIOpOCAMU BEIIECTBA,
1a3Mel ¥ u3nydeHus (puc.43, 44). PackanenHoe 001aKo TU1a3Mbl - ""COTHEUHBIH BETep'" - BBIPHIBACTCS

B KOCMHYECKOC NNPOCTPAHCTBO U B ABA-TPH AHA JOCTUTACT HaIlICH TIAaHETHI.

Puc. 43. Comunie B akTUBHOM (haze

W3BectHsIi pycckuii Ouonor Anekcanap JleonnnoBud YmkeBCKuil OTHUM U3 TEPBBIX MPEIIO-
JIOKHJI, YTO COJTHEYHAsi aKTUBHOCTh CYIIIECTBEHHO BO3/CHCTBYET Ha Bce kHBoe. "Kazanock Ob1, cMepTh
u ConHIle HE MOTYT MPHUCTAIBHO B3UPATh ApYT Ha apyra. OmHako ObIBAIOT JHH, KOTJa JJisi OOJBLHOTO
yenoBeka CoJHIE ABISETCS UCTOYHUKOM cMepTU. B Takue aHM U3 xU3HEenoaaTenst oHo oOpalaercs B
3aKJISATOTO Bpara, oT KOTOPOTO YeJOBEKY HEKyJa CKPBIThCS U He yOexaTh. CMEPTOHOCHOE BIHSHHE
CoJIHIIa HACTUTACT YeJIOBEKa, I¢ Obl OH HU HAaXOMMICS’, mucail YmKeBCKUil B cBOeH KHUTE "3eMHOE
9X0 coJHeuHbIX 0yps" [140].

ITepuonbl BeicOKOM akTUBHOCTH COJIHIIA, KOTOPBIE MPOUCXOIAT pa3 B 11 JieT, BBI3BIBAIOT COLIM-
aJbHBIE U MPUPOJHBIE KATAKIN3MBI — BOWHBI, PEBOJIIOIIUU, MyTallMI0 MUKpOOpraHu3MoB [141], snune-
MUH, [TOBBILIEHHYIO CMEPTHOCTH. Ha Toapl COIHEYHON aKTUBHOCTH IIONAJal0T MEPUObI IPaHANO3HbIX
ucropudecknx coobrtmii: 1848-it, 1906-i, 1917-i1, 1928-#, 1937-i1, 1947-i, 1958-i1, 1968-i, 1979-i,
1991-i1. B da3ze cnaga, HaNpOTHB, MPEKPAIIATUCH BOMHBI, 3aKII0YATUChH IEPEMUPHS, 3aTUXAIIN SITH]IC-
MHH.

B navane XX Beka Bpauu ®@op u Capay mpoBenu CTaTUCTUKY ydeTa OOJbHBIX 110 BCEM KIMHU-
kaMm DpaHiuu 1 3a00J03pUIIHM, YTO "MUK" HEAOMOTaHUN 3aBUCHUT OT KAKUX-TO IMPHUPOJHBIX SBICHUM.
Oxazanoce, 4ToO 3a JBa — TPHU JHS JO OTMEUYEHHBIX AT aCTPOHOMBI HaOIomamu B3pbIBEl Ha CoJHIIE.
OOBACHUTH ATY 3aBUCUMOCTH TOT'JIa €CTECTBEHHO HE CMOTJIH.

Psan cneunanuctoB cunraiotr, uTo CoNHIIE KAKMM-TO 00pa3oM BO3ACHCTBYET HA HEPBHYIO CHC-

TCMY, BbI3bIBas MacCOBBIM 1cux03. ONIIOHEHTHI BO3pPaXKaroT: HO,Z[O6H0€ HCBO3MOXXHO, TaK KaK Opra-
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HU3M 4YEJIOBEKA JIOCTATOYHO YCTOWYMB, @ BIMSIHUE COJHEYHBIX MOJEH cauIKoM ciado. B u3Hu ectb
00Jj1ee MOIIHBIE COLMAIBHBIE (PAaKTOPHI, BHI3BIBAIOLINE UCTOPUUECKUE KATAKIU3MBL.

Jlonroe BpemMsi MHOTHE yY€HbIEe CKENTHYECKH OTHOCHIIUCH K YTBEPXKIEHHUIO UMXKEBCKOIo, YTO
ComnHlile BbI3BIBAa€T MaccoBbie anuaeMun. OJHAKO B OCIEAHEE BPEMs YK€ BBISBICHO, YTO MOBBILICH-
Hasi COJTHEYHAash aKTUBHOCTh CHW)KA€T MMMYHHUTET uenoBeka [142], mpuBOAUT K MyTallid MHKPOOOB
[141], BbI3BIBAaET pe3KOE U3MEHEHHE JTMHAMUYECKHX XapaKTEPUCTHK OCENaHUs KpPOBH OOJBbHBIX HIlIE-
Muueckon 6one3nnio cepana [143]. Ho kakoB MexaHu3M BO3IEHCTBHS?

VY4eHble MHOTUX CTPaH 3aMETUJIHN “NIPU MOBBIIMIEHHOM YPOBHE COJTHEUHOTO M3TyYEHUS B KPOBU
PE3KO YBEITMUUBACTCS YUCIIO JIMM(POLUTOB, OTBETCTBEHHBIX 32 COCTOSIHUE MMMYyHHTETa. To ecTh opra-
HU3M OOpeTcst ¢ BpeAHBIM BHEIIHUM BozaeiicTBueM. [louemy ske wacto crons HedpdexktuBHO? Mc-
M0JIb3Yys MPHUHIMIIMATIFHO HOBYIO METOJUKY M CO3JaHHBIA B HallleM HHCTUTYTE MUKPOQIyOpHUMETp
"Pagukan JU®-2", yaanoch 3aduKCHpOBaThH, YTO COJIHEYHAs] PaJUaIUs MOYTH BIABOE CHUXKAET CIO-
COOHOCTH TMM(OIIMTOB CHHTE3UPOBATh OCNKU — CTPOMUTENBHBIN MaTepuan OyIyIlIMX aHTHUTEN, KOTO-
phl€ U MOJABISIIOT UH(EKIUIO. 3HAUUT, 3alUTHBIE CUJIBI OpraHu3Ma ocialistorcs. Bo3moxkHo, 3T0 U
ABJISICTCA OJTHOW M3 MPUYUH BOBHUKHOBEHUS SMUAEMUM BO BpeMs HecnokoitHOro CosHIa. Y4YeHbIe Mo-
Ka He MOTYT CKa3aTh, Kakasi KOHKPETHO COCTABJISIONIAs COJTHEUHOTO M3NMy4YeHus "BUHOBATa", HO Mpe-
MOJIArar0T, YTO XOTSI OHA JOBOJBHO CiIa0asi 0 MHTEHCUBHOCTH, BCE JK€ 3a CUET pe30HaHCHBIX d(pdek-
TOB MPUBOJUT K CEPbE3HBIM MOCIEACTBUAM. M3BECTHO, UTO poTa conjat, HAYLUIMX B HOTY, pa3pyllnia
MocT. [Toxorkee MOXKET MPOUCXOIUTh U B HAIIIEM OpraHU3Me, Korjaa "ciadbie’" COTHEYHBIC OIS Hauu-

HAIOT PE30HUPOBATH C KOJIEOAHUSIMU, POUCXOIAIIUME B KiieTkax”’ [142].

() ASTREUNUNICAL IMETLTUTE, @165 UNDPEEJUUN, CEZECH KEFUBLIC
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Puc. 44. CnextpasibHbIe COCTABJISIONINE COTHEUHON aKTUBHOCTH

HpiHemnss snuaemMus rpuria BbI3BaHa MOBBIIIIEHHON COJTHEYHOM pajuanuen, yTBepKIaeT
CTapIIUi Hay4HbIH cOTpyAHUK HHCTUTYTa buodusuxu kietku PAH H. Kapnayxosa [142]. Ouepen-
HOM 22-1 UK aKTUBHOCTHU HAYaJICS B MPOLLIOM rofy U npoumtes 1o 2002 roxa (puc.44a,0).

MO’KHO BBIJBUHYTH JOCTaTOYHO MPOCTYIO TMIIOTE3Y, OOBACHSIONLYIO BIUSHUE COJIHEYHOTO U3-
JTy4yeHHs Ha OuocucTeMbl. B kauecTBe MCXOAHOTO MOMEHTA JJIsl THUIIOTE3bl IPUMEM CIIEAYIONIYIO I1ie-
MOYKY (haKTOB, MOJTYUEHHBIX PA3TUYHBIMU aBTOPaAMH B pa3HOE BPEeMsI 110 HETMHEHHBIM PE30HAHCHBIM
JUHAMHYECKUM CUCTEMAM:

1) ¢eHomeH OECKOHTAKTHOM aKTUBAIIUH KUAKOCTEH (IJEKTPOIU3OM, TIOISIMH — MarHUTHBIM,

c.B.4., yo, nazepusim) [124, 125, 127, 133, 144, 145, 146];

2) pe30HaHCHOE BO3JICHCTBUE SNEKTPOMArHUTHBIX MOJIeH HAa OMOIOTHYECKHUEe CUCTEMBI (K.B.U.-,
ounope3onancHas tepanus) [131, 132];

3) peakuus yCKOPEHUsSI OCETaHMs SPUTPOIIMTOB B IHU COTHEYHON aKTUBHOCTH [143];

4) xoppenduus COJHEYHOUW aKTUBHOCTH C NMEPUOJAAMH COILMAIbHBIX U MPUPOIHBIX KaTaKIH3-
MOB — BOIHBI, PEBOJIOIIUH, MyTallil MUKPOOPTaHU3MOB, SMTUAEMHUH, TTOBBIIIICHHAS] CMEPT-
HocTb [140-142];

5) 3¢ deKT BOSHUKHOBEHHS yCTONUMBBIX PE30HAHCHBIX CTPYKTYP M3 OCHHUIMPYIOUINX JTATIO-
neit (COL) [80];

6) pe3oHaHCHas CTPYKTypa mapoBoii moxauu [ 138, 129];

7) mnosiBIeHHE “TIATEH”, BBIOPOCOB IUIA3MbI, U3TYYCHUH B THU COJIHEYHON aKTUBHOCTH
(puc.43, 44);

8) BiIMsSHHME OECKOHTAKTHO aKTMBUPOBAHHOM KUIKOCTH Ha Onocuctemsl [ 144, 145].

B nepuozp! coHeuHOM aKTUBHOCTH BO3HUKHOBeHHE Ha COJHIIE Pe30HAHCHBIX TypOYJIEHTHBIX 00-
pasoBaHuil — “nsaTeH” (Tuma OoybIIOro KpacHoro natHa FOmnurepa u mapoBoil MOJIHUHM) MPUBOAMUT K
MOSIBJIEHUIO B criekTpax u3nydeHus: ConHua (puc.43) MOIIHBIX BCIUIECKOB Ha OIPENEICHHBIX PE30-
HaHCHBIX yacTtoTax. [locienHue B CBOIO ouepenib BBI3BIBAIOT U3MEHEHUE PE30HAHCHON MUKpOKIAacTep-
HOM cTpykTypsl nuHamuku COJI [80,127,128] u Boabl, SABISIONICNCS OCHOBOW sl BCEX OMONIOTHYE-
CKHX CHCTEM.

Hcxons U3 3TOro MOXKHO JOCTATOYHO MPOCTO OOBSICHUTH (peHOMEH 3(D(HEKTUBHOTO JICUSHHS CAMBIX
Pa3HOOOpa3HBIX 3a00JICBAHMM, BKIIFOYAs TUTIEPTOHUIO 1-3-i cTaaum, cencuc, reprec, HHOEKITNOHHBINA
rematut, CIINUJ{ (2-3-1 cragus), ¢ ucnons3oBanueM BAXK. Camu KIeTKu B OpraHu3Me SBISIOTCA
cBO€0Opa3HBIMU, MUHUATIOPHBIMU peakTopamu it XA u coorBerctBeHHO BAX B opranmusme. Bosz-
HUKAIOUIME TPU ITOM BBICOKOIHEPTreTUYHBIE cHCTeMbl ocuwuupyomux aunoieid COJ[ oGpa3zyior
CUHXPOHHBII KapKac, KOTOPBIH M 00eCcTeYuBaeT OCHOBHYIO SHEPreTHKY U UMMYHBIM CTaTyC OpraHu3-

Ma. COOTBETCTBEHHO JICYCHHE TIOCPEIACTBOM MM- WJIH OMOPE30HAHCHOW Teparuu, BOAO-, a3POUOHOTE-
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panmeit crocoOcTByeT BoccTaHoBieHUIo dHepreTrku COJl Ha ompeneneHHbix yactorax [128, 131-—

135, 144-146].
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1983 roa. Roy Harrigan (n300pein neBUTPOH “levitron” — IEeBUTHPYIOIIYI0 MarHUTHYIO IOJY).

1983 roa. Illuponocoe B.I'. (paccMoTpen 3aady pe30HAHCHOTO 3aXBaTa CIIMHOBOM YacTHIIBI B TIepe-
MEHHOM U HEOJIHOPOJHOM MOCTOSIHHOM MarHUTHOM II0JIE).

1985 roa. Iluponocog B.I'. (110xa3zan BO3MOKHOCTh BOSHUKHOBEHHUS YCTOMYMBBIX CUCTEM U3 OCILIJI-
JUPYIOUINX AUIOJIEH MPH pe30HaHCe)

1987 roa. Dietrich F, Chen E, Quint J W, Walter (Habmoamu IICeBIOKPUCTAIUIN3ALIUIO HOHOB B JIO-
BYIIKE MOCJIE UX OXJIAXJACHUS JJA3€PHBIM CBETOM).

1988 roa. Iluponocos B.I. (peanoxxuit MeToa S-QyHKIMU AT aHAIU3a HEeITMHEHHBIX JUHAMUYe-
CKHX CHCTEM BHE U B 30HAaX PE30HAHCA Ha OCHOBE CBOMCTBA SKCTPEMAIbHOCTH PE30HAHCHBIX COCTOSI-
HUW JBUKEHUS B IPUPOJIE).

1989 ron. bonwmeom A. B., Illuponocos B. I'. (nponemoHcTpupoBaiu 3H(PEeKT JeBUTAIIMN Mar-
HUTHOTO JTUTIOJIS B [TOJIE CUJIBI TSDKECTH U IIEPEMEHHOM PE30HAHCHOM M HEPE30HAHCHOM MarHUTHOM
oJe).
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1989 roa. Kucenes b.H. (o6Hapyxwi 3pdeKT 66CKOHTAKTHON aKTUBALMH (CTPYKTYPHPOBaHUS) (pu3-
pPacTBOPOB M pa3pabOTaHbI HA €r0 OCHOBE BHICOKOI(P(HEKTHBHBIC METOIbI JICUCHUS).

1992 roa. baxup B.M. (3KCHepUMEHTAIbHO 0OHAPYXKHI 3(PPeKT OECKOHTAKTHOM aKTHBAILIUH B TUa-
(hparMeHHBIX AIEKTPOIU3EPAX).

1997 roa. Green N.G., Hughes M.P., Monaghan W., Morgan H. (3pdeKxT neBuTaniu KJIeToK B
ANIEKTPOMArHUTHBIX TOJIAX).

1997 roa. lHuponocog B. I., Illuponocog E. B. (o6HapyxeH 3PPeKT O6CKOHTAKTHON aKTHBALIUU
KUIKOCTEN B Oe3nadparMeHHbIX AJIEKTPOJIN3EpPaXx).

Pe3onanc B pusuke, XuMUU U OMOJIOTUH

IInponocos BasnenTun I'eopruesny

sve@uni.udm.ru

http://users.mark-itt.ru/ikar/
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