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noCBliWeHa AHHaMHKe H KHHeTHKe B3aHMOAeACTBYIOWHX CfiHHOBbiX BOJIH. npH­

BeAeHbi OCHOBHble 3KCnepHMeHTaJibHble <lJaKTbl H o6'bJICHJIIOWHe HX lPH3H'!eCKHe 

MOAeJIH. nocJieAOBaTeJibHO H3JIOlKeH KJiaCCH'!eCKHA raMHJibTOHOB MeTOA OfiHCaHHJI 

HeJIHHeAHb!X BOJIH (HX perraKCaUHH, CaMOlPOKYCHPOBKH, aBTOKOJie6aHHA, KOJIJianca 

H T.A.). nocTpoeHa HeJIHHeAHaJ! TeOpHll napaMeTpH'!eCKoro H KHHeTH'IeCKoro B03-

6ylKAeHHJI BOJIH, npoBeAeHO ee fi0Ap06Hoe cpaBHeHHe C 3KCnepHMeHTaMH B <lJeppo­

H aHTH<lJeppoMarHeTHKaX. 

Kpyr npeAnorraraeMbiX 'IHTarerreA aecbMa ll!HpOK. 3ro - reopeTHKH H JKciie­

pHMeiiTaTopbi, H3Y'!aiOWHe lPH3HKY MarHeTHKOB , HeJIHHeAHbie BOJIHOBbie npoueCCbl 

B KOHAeHCHpOBaHHbiX cpeAax H nrra3Me. 3To - npenOAaBaTeJIH , acnHpaHTbl, CTYAeH­

Tbl YHHBepCHTeTOB, npHCTYfiaiOWHe K H3yqeHHIO HOBOA o6JiacTH HayKH - 4JH3HKH 

HCJIHHeAHbiX JIBJieHHA. 1 
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IIPE)li1CJIOBHE 

"Bee C'laCTnHBbie ceMbH nOXO)I(H npyr Ha npyra, Ka)I(JJ;a.!l HeC'IaCTJIHBaH ceMbH 

HeC'IaCTJIHBa no-cBOOMY ." Bee paBHOBeCHbie CHCTeMbl CXO)I(H TeM, 'ITO nOJJ;'IH­
HJIJOTCH pacnpeneneHHIO fH66ca. BnanH or nono)l(eHHH paBHoBecHH B03HHKaer 

YnHBHTenbHoe pa3Hoo6pa3He npoueccoB H HBneHHH • .UeH:cTBHTenbHO, 'ITO o6we­

ro Me)I(JJ;y OKeaHOM B WTOpM, npoBOJJ;HHKOM C TOKOM H )I(HBbiM cyrueCTBOM? 

3TO pa3H006pa3He CBH3aHO, BO-nepBbiX, C pa3JIH'IHeM HCTO'IHHKOB HepaBHOBeC­

HOCTH H, BO·BTOpbiX, C OC06eHHOCTHMH BHYTpeHHero yCTpOHCTBa CHCTeM, KOTO­

pbie npoHBnHIOTCH TeM Hp'le, 'leM JJ;aJibWe CHCTeMa OT paBHOBeCHH. 

HeYKnOHHO B03paCTaiOIIIHH B noCJieJJ;HHe JJ;Ba necHTHneTHH HHTepec K CHnbHO 

HepaBHOBeCHbiM CHCTeMaM CBH3aH npe)I(JJ;e Bcero C H3yqeHHeM noBeneHHH Be­

IUeCTB npH BbiCOKHX ypoBHHX MOWHOCTH BHeiUHero B03neil:CTBHH: JJ;H3neKTpH­

KOB B none MOWHOH na3e.pHOH BOnHbl , MarHeTHKOB B CHnbHbiX CBq nOJl'HX, 

nna3Mhi, HarpeBaeMoH: no repMOHJJ;epHbiX TeMneparyp, H T .n. ll>aKTH'IeCKH no­

HBHnach HOBaH 4JH3H'IeCKaH nHCIIHllJIHHa - 4JH3HKa HenHHeHHbiX BOnH . Ee 3aJJ;a­

'la - H3yqaTb HBneHHH H·npoueccbi, B03HHKaiOIIIHe npH B036y)I(JJ;eHHH, pacnpocT­

paHeHHH H B3aHMoneifCTBHH BOnH KOHe'IHOH aMnJIHTYnhl B pa3JIH'IHbiX cpenax 

no B03MO)I(HOCTH C o6rueif TO'IKH 3peHH~ . IlpH 3TOM BbiHCHHeTCH, HallpHMep, 

'ITO o6pa30BaHHe "neBHTOrO BaJia" B WTOpMOBOM MOpe H caMo4JoKyCHpoBKa 

CBeTa - BeCbMa noXO)I(He HBneHHH, HMeiOIUHe 06WYIO 4JH3H'IeCKYIO npH'IHHY. 

B 4JH3HKe HeJIHHeHHbiX BonHOBbiX npoueccoB CnHHOBbie BonHhi JaHHMaiOT 

OC06oe nonO)I(eHHe, CBH3aHHOe C yno6CTBOM HX HCCJienoBaHHH. 3KcnepHMeHTbl 

'!aCTO MO)I(HO npoBOJJ;HTb npH KOMHaTHOH TeMneparype, B XOpOWO OCBOeHHOM 

JJ;Hana30He 'laCTOT Ha MOHOKpHCTannax OTnH'IHOro Ka'leCTBa. CnHHOBbie BOnHbl 

nerKO B036y)I(JJ;aiOTCH CBq MarHHTHbiM noneM no cyweCTBeHHO HenHHeil:Horo 

ypoBHH, Korna HX noBeneHHe IIeJIHKOM onpenenHeTCH B3aHMoneifcTBHeM Me)I(JJ;y 

co6oH:. Eorarhrii 3KcnepHMeHTaJibHhrn MarepHan, ey)I(JJ;aiOWHHCH B HHTepnpera­

IIHH, npHBneKaeT B 3TY o6JiaCTb TeopeTHKOB , 3aHHMaBWHXCH paHee npyrHMH 

npo6neMaMH. .JlrrH HHX H JJ;JIH Ha'IHHaiOIUHX HCCJienoBaTeneif HallHcaHa 3Ta 

KHHra . 0Ha MO)I(eT OKa3aTbCH none3HOH TaK)I(e 3KCnepHMeHTaTopaM, 3aHHMaiO­

IIIHMCH 4JH3HKOH TBepnoro Tena, H BceM TeM, KTO XO'IeT n03HaKOMHThCH C HneH­

MH H MeTonaMH TeOpHH HeJIHHeHHbiX BOnH. IlOMHMO TeOpHH, B KHHre cogep­

)I(HTCH 0630p 3KCnepHMeHTaJibHbiX pe3ynbTaTOB HCCJienoBaHHH HenHHeHHbiX cnH­

HOBbiX BOnH. 

Jiom'leCKH 3Ta KHHra He HBnHeTCH nHHeHHO ynopHno'leHHOH uenO'IKOH YM0-

3aKJIIO'IeHHH H 3KCnepHMeHTaJibHbiX 4JaKTOB , XOTH HMeHHO B TaKOM BHne OHa 

OT06pa)l(eHa Ha 6yMare. Il03TOMY H nonbiTaJIC'H Ha pHCYHKe, pacnono)l(eHHOM 

Ha 4Jop3aiie KHHm . orpa3HTb nom'leCKHe CBH3H Me)I(JJ;y ee maBaMH nnJI roro , 
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qT06bi Ka)I(,!J;brH 'lHTaTeJib MOr rrerqe HaHTH B HeR TO, qTQ ero HHTepecyeT. Omm­
HanuaTb rJiaB KHHrH pa36HTbi Ha qeTbipe pa3/l;erra. B nepBOH, BBO)lHOH rrraBe 

/];aH KpaTKHH 0630p He06XO)ll{MbiX CBe/l;eHHH H3 <l>H3HKH MarHHTOynopJrll:OqeH­

HbiX IJ;H:meKTpHKOB. Bo BTOpoH H TpeTbeif rrraaax OnHCbiBaiOTCH HeJIHHeHHbie 

/];HHaMHqecKHe npou;eCCbi B CHCTeMe B3aHMOIJ;eHCTBYIOIUHX CllHHOBbiX BOJIH C 

yqeTOM <Pa30Bb!X COOTHOllleHHH Me>KIJ;y HHMH. frraBbl 4- 6 1IOCBHllleHbi HBJle­

HHHM, KOTOpbie MO>KHO 3<P<PeKTHBHO 01IHCbiBaTb B 1IpH611H>KeHHH caMOCOrJiaCO­

BaHHOrO 1I01IH, KOr/];a p01lb B3aHMOIJ;eHCTBHH BOJIH CBO)ll{TCH K H3MeHeHHIO 

KoJ<l><l>HI.J;HeHTOB B JiliHeHHbiX ypaBHeHHHX IJ;BH>KeHHH /];JIH Ka)I(,!J;OH BOJIHbi. 

11neorrornqecKH ueHTparrbHoe Mecm a 3TOM pa3nerre 3aHHMaeT HerrHHeifHaH 

TeOpHH napaMeTpH'IeCKOrO B036y>KneHHH BOJIH - S -TeOpHH 3axapoBa, nbBOBa, 

Crapo6HHu;a. HaH6orree crro>KHbiM MH nepaoro qreHHH, no-BHnHMOMY, HBrrHeTcH 

qemepTbrH pa3/l;eJI KHHrH (rrraBbi 7- 11), B KOTOpOM 01IHCbiBaeTCH KHHeTHKa 

CnHHOBbJX BOJIH BnaJIH OT paBHOBeCHH. 3TOT pa3nerr opHeHrnpoBaH rJiaBHbiM 

o6pa30M Ha TeopeTHKOB H B MeH&llleH CTeneHH - Ha 3KCnepHMeHTaTOpOB, H3Y­

qaroumx CnHHOBbie BOJIHbi. 

R o6H3aH MHornM rrro~J;J~M. 3To, npe>Kne acero, aaTOpbi pa6oT, npou;HTHpo­

aaHHbiX HJJH H31IO>KeHHbiX B KHHre . Cpell:H HHX Jl OC06eHHO XOTeJI 6bi OTMeTHTb 

B.E. 3axapoaa, c.c. CTapo6HHu;a, r.A. MerrKOBa, B.B. 3ayTKHHa, n .A. Ilp030-

poBy, B.E. qepenaHoBa H r .E. <l>arr&KOBJ{qa, MHOrO'lHCJieHHbie o6cy)I(,!J;eHHH H 

COBMeCTHaH pa60Ta C KOTOpbiMH cnerrarrH B03MO)I(HbiM 1IOHBJieHHe 3TOH KHHrn. 

3a llOCTOHHHyiO 1IOMOIUb·H CO/];eHCTBHe H npH3HaTerreH MOHM KOJIJieraM 11.B. Ko­

JIOKOJIOBy, E.B . IIonHBHJioay, A.A. Po~J;HllleBcKOMY H npyrHM. Xoqy no6rrarona­

pHTb TaK>Ke E.B. RHKaifrnc 3a Heo)lHoKpaTHYIO nepeneqaTKY pa3nenoa PYKOnH­

CH. 11 HaKOHeu;, H XOqy B'Bipa3HTb OC06yiO 6rraronapHOCTh MOeif >KeHe nro/];MHJie, 

q&H no~ep>KKa ~ H coqyacraeHHoe OTHomeHHe cbrrparrH aa>KHyro porrb a pa6oTe 
Han 3TOH KHHrOH. 



Cni1COK COKP AIUEHMH 

B CK06KaX ITpiiBe/],eH HOMep naparpaQ>a (ri13Bhl), B KOTOpOM BllepBhle BCTpe'laeTCll 

A3HHOe COKpaiUeHHe o 

ll>M - Q>eppoMarHeTIIK ( § 1) 
All>M - aHTIIQJeppoMarHeTIIK ( § 1) 
nO, nfl - ' 'nerKaJI OCh", "nerKaJI ITnOCKOCTh" - Tllllhl KpiiCTannorpaQJII'leCKOl! aHII30Tp0· 

ITHII B 0/I,HOOCHhiX ll>M II All>M ( § 3) 
- lKeneJo-HTTplleBhlll rpaHaT ( § 1) 
- CITIIHOBhie BOJJHhl (ri! o 2) 
- ll/l,epHbie CITHHOBhle BOllHhl ( § 14) 
- napaMerpH'!ecKIIe (napaMeTpH'!eCKII B036}')KAeHHLie) CB ( § 15) 
- napaMeTpH'!eCKIIe (napaMeTpll'leCKII B036ylK/],eHHhle) BOllHhl ( § 15) 
- rerrnoshle (repMH'!eCKH soJ6YlKAeHHhie) CB ( § 50) 
- TeiTnOBhie (repMH'!eCKII B036}')K/I,eHHbie) BOnHhl ( § 50) 

>KHr 
CB 

51CB 

ncB 
nB 
TCB 

TB 

BCB - BTOpH'!Hble (B03HHKlUOI.UHe B pe3yllhTaTe p33BHTIIH KHHeTH'!eCKOl! HeyCTOl!'IIIBOC· 

HCB 
on 
ll>MP 
K.uB 
MK.uB 
CTB 

KK 

AK 

Til) CB (§56) 
- HepasHosecHI.Ie CB ( § 29) 
- 0/I,HOpO/I,HaJI npeueCCIIH HaMarHH'leHHOCTII ( § 6) 
- Q>eppoMarHHTHb!l! pe30HaHC ( § 22) 
- ypasHeHHe Kopresera - Ae - BpH3a (1303) ( § 13) 
- MOAifQJIIUHpOB3HHoe ypaBHeHIIe K,uB (13 04) ( § 13) 
~ CBepXTOHKoe B33HMO/],el!CTBHe ( § 14) 
- KonneKTHBHble Kone6aHHH ( § 23) 
- 3BTOKOne6aHIIH ( § 31) 

CITMCOK HAMEOJIEE YITOTPEEMTEJibHbiX OE03HAqEHMH 
C KOMMEHT APMJIMM 

Mi,i = 1, 2, .. 0 - HaMarHII'leHHOCTh (ITllOTHOCTh MarHIITHOro MOMeHTa) llO/I,p ellieTOK o 

M=~M; 
I 

Mx,My,Mz 

M± =Mx ± iMy 

P.; • IJ.a 

Rab=Ra - Rb 
J(ex = - JSaSb 

J 

- CYMMapHaH HaMarHH'leHHOCTh MarHeTOAH311eKTpHKao 

- npoeKUIIH HaMarHII'leHHOCTHo 

- Kp)'fOBhie nepeMeHHhie )J.J1 H H3M3rHH'!eHHOCTI!o 

- HaMarHH'leHHOCTh lloHa B y3ne R;. R0 o 

- paccroHHIIe MelKAY aroMaMII (lloHaMII) s yJnax R 0 11 Rbo 
- raMIIllhTOHH3H 06MeHHOfO B3311MO/I,el!CTBIIH MelK/I,y Y3l13MH Q II b 

(rel!3eH6eproBCKHl! f 3MHJJhTOHHaH) o 

- 06MeHHhll! HHTerpan o B Q>eppoMarHeTHK3X (ll>M) J > 0, B aHTHQJep­

pOMarHeTIIKax (Ail>M) J < 00 
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q , p;Q,P 
k 
ak =a(k),bk, 

ck,dk 

- raMIIJlbTOHI1aH 11 3HeprnR MarH11THOrO JJ.HnOnh- )J.HnOnbHOf"O B3aHMO-

Lle 1\ CTB HR . 

- raMHnbTOHHaH 11 3Heprnll CIJHH-op611TaflbHOf"O B3aHMOLlel:tCTBHJI . 

- raMIIJlbTOHI1aH 11 3Heprnll Kp11CTannorpa<flll'leCKOI:t aHI1301"pOIJHI1 . 

- oneparop IIJ111 <flyHKUHR faMIIJlbTOHa, 11MeHyeMaJI Llnl! KpaTKOCTI1 

raMIIJlbTOHHaHOM. 

- KaHOHH'IeCKHe nt:peMeHHble - o6o6IUeHHble KOOpAJ{HaTbl 11 11MnynbC. 

- BOnHOBOI:t BeKTOp (CIJHHOBblX) BOnH. 

- KllHOH114CCKHe nepeMeHHbie - KOMnneKCHble aMnni1TYLlbl 6eryiUHX 

(ciJHHOBhiX) uonH. OHH JKe - KnaCCI14ecKHe aHanorn 6o3e-onepaTo­

poB , T.e. tJHcna. 

- KBa.o;paTHl!HaJI no KaHOHI14eCKHM nepeMeHHbiM 4aCTb raMIIJlbTO­

HHaHa . 

Xjnt = JC 3 + JC 4 + ... - raMIIJlbTOHI1aH B3aHMOLleitCTBHJI. 

Jf 3 , JC 4 - 4aCTH Xjnt Ky6Hl!eCKHe H 4eTBeproro nOpli.[IKa no KaHOHH'IeCKHM 

H 

w0 =gH 

WM =47TgM 

Nx,Ny,Nz 
H i=H- 411Nzlol 
WD =gHD 

w(k) = wk, 
Wj(k) = Wjk 

n =e,op 

-y(k) = 'Yk 

'Yk ='Yo (k) 
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nepeMeHHbiM. OHH orrit:cbiBlllOT npol.leCcbi c y'lacTHeM Tpex IIJlH 

l!eTbipex BOflH COOTBeTCTBeHHO. 

- raMIIJlbTOHHaH B3aHMO.[IeitCTBHll (CllHHOBblX) BOilH C HaJ<a4J<Oit. 

- raMIIJlbTOHHaH B3aHMO.[Iel\CTBHll BOnH C .o;e<fleJ<TaMH H .o;pyrHMH 

cny4altHbiMH HeOLlHOPOLlHOCTl!MH. B MarHeTHKax OH OIDICb!BaeT 

ynpyrne LlBYXMarnoHHLie npoueccbi. 

- noCTOl!HHOe MarHHTHOe none, KaK npaBIUlO, npoCTp'liHCTBeHHO 

OLlHOpoUHoe. He nyraTL c raMIIJlLTOHHaHOM JC. 
- MarHeTOH Eopa. 

- MarHeTOMeXaHH4eCKOe OTHOilleHHe Llflll 3TieK-rpOHa. 3ro pa3MepHaR 

uenH4HHa, paBHaR npHMepHo 27T · 2,8 Mfu/3. He nyraTL c 6e3pa3-

MepHLlM g-4JaJ<TOpOM, paBHbiM npHMepHO LlBOitJ<e y 3TieJ<TpoHa. 

- l<pyrOBaJI 'laCTOTa npeuecCHH MarHHTHOro MOMeHTa 3TieK1"pOHa 

so BHell!HeM none H. 
- "06MeHHaR 4acroTa". Ilo nopHAKY senH'IHHLI hwex "" Tc, r.o;e 

Tc - TeMnepaTypa KIOpH. 

- xapa!<TepHaR l!aCTOTa AHOOflL-AHnOflbHOf"O B3aHMOLleitCTBHl!. 

- pa3MarHH4HBlllOIUHe <flaKTOpLI : Nx + Ny + Nz = 1. 
- BHyTpeHHee MarHHTHoe none B 3TinHncoH.o;e (H II M II z). 

- 4aCTOTa H none, xapa!<TepH3YIOIUHe B3aHMO.[IeitCTBHe .[l3RnOil!HH-

CKOro - MopHa B A<l>M. 

- 4acroTa H none, xapa!<repH3YIOIUHe KpHcTannorpa<flll'lccJ<yiO aHH3o­

TpoiJHIO. 

- 4aCTOTa, xapa!<TepH3YI01UaJI B3aHMOLleitCTBHe 3neKTpoi'HbiX CnHHOB 

B A<l>M C l!.[lepHbiMH. 

- 3aBHCHMOCTb C06CTBeHHOI:t 4aCTOTbl BOnH 6eCKOHe'IHO MUIOI:t aMnnH­

TyLlbl OT BOnHOBOrO BeKTOpa k - JaKOH AJ{CnepcHH BOnH. j - HH­

Lle KC nonllpH3auHH IIJlH THna BOnH . 

- 4aCTOTa BOnH KOHe4HOit aMnnHTyLlbl , nepeHOpMHpoBaHHaJI Ha HX 

B3aHMO.[IeitCTBHe MeJK.o;y C060I:t. 

- 4aCTOTa KOnneKTHBHbiX KOne6aHHit (KK) CHCTeMbl napaMe1"pH4eCKH 

B036YJKAeHHbiX (CIJHHOBbiX) uonH - IICB c sonHoBhiM BeKTOpoM K . 

p -· HOMep MOLlbl. 

- 4acToTa npoc-rpaHcTBeHHO-QWfOpoAHbiX KK (c " = 0). 

- 4acToTa npocTpaHCTBeHHo-o.o;HopOLlHbiX KK CHCTeMbi IICB B oTcyT-

CTBHe 3aTyXaHHl!. 

- n - renecHbii:t yron; 0 H .p - nonl!pHbllt H aJHMyranLHbiit yrnhi B 

CHCTeMe KOOPLlHHaT, opHeHTHpoBaHHOit no HaMarHH'IeHHOCTH. 

- napaMe-rp 3aTyXaHHll BOflH (AeKpeMeHT) . 

- Lle!<peMeHT BOnH B6nH3H TepMOAHHaMH4eCJ<Oro paBHOBeCHll . 


