
PA3.UEJI 3 

llPMBJUfJKEHME CAMOCOrJIACOBAHHOrO llOJIH 

rnABA4 

CDHHOBbiE BOJIHbl 
3A llOPOfOM llAPAMETPH1lECKOfO B03BY)K)lEHH.SI. 
S-TEOPH.SI 11 3KCllEPHMEHT 

§ 15. BBe,u;eHHe 

B pe3yrr&TaTe pa3BHTHH napaMeTpH'IeCKOH HeycToH'IHBocTH B Henpep&mHoH 

cpene (eCmi pa3Mepbi CHCTeMbi )J;OCTaTO'IHO BenHKH no CpaBHeHHIO C )J;nHHOH 

B036}')1()J;aiOlU}IXCH BOnH) B03HHKaeT COCTOHHHe, B KOTOpoM O)J;HOBpeMeHHO 

Bo36y)l(,lJ,eH&r H HHTeHCHBHo B3aHMoneifcmyroT Me)K,IJ.y co6oif 6omwoe '!Hcno 

BOnH. XapaKTep 3TOrO COCTOHHHH CyWeCTBeHHO 3aBHCHT OT KOHKpeTHOH CH­

TyaUHH - BH)J,a 3aKOHa )J;HCnepCHH BOnH, HenliHeHHbiX H )J;HCCHnaTHBHbiX CBOHCTB 

Cpe)J;bi, KOTOpbie B pa3HbiX cny'laHX COBepweHHO pa3nH'IHbi.' 

B Haqane 70-x ronoB cTano. HCHo, 'ITO cyrnecmyeT O)J;HH npocTOH H onHoBpe­

MeHHo '1pe3Bbi'IaHHo conep)l(aTen&HbrH · 'laCTHbrH cnY"aif, Korna nocTpoeHHe 

06UleH HenHHeHHOH reopHH napaMeTpH'IeCKOro B036y)K,IJ.eHHH BOnH OKa3anOCb 

B03MO)I(HbiM. 3To cnY'!aH, Korna HaKa'IKa ocyrnecmnHeTcH npocTpaHCTBeHHO­

onHopo)J;HbiM noneM k = 0 HnH .BonHoH 6on&woif )J;nHHbi k ~ k', k". Torna xa­

paKTepHcTHKH 3anoporOBOrO COCTOHHHH MO)I(HO C'IHTaTb CTaTHCTH'IeCKH O)J;HO· 

ponH&IMH. HMeHHO TaKaH CHTyaUHH ocyrnecmnHeTCH B 6on&WHHcme 3KcnepH­

MeHTOB no napal'vieTpHtiecKoMY Bo36y)I()J;emtro CB B MarHHToynopH)J;O'IeHH&rx 

)J;H:meKrpHKax. Heo6xo)J;HMO 3aMeTHTb, 'ITO 3TH 3KcnepHMeHTbi npHHa)J;ne)l(ar 

K 'IHCny HaH6onee, "'IHCTbiX" 3KCnepHMeHTOB B $H3HKe HenHHeHHbiX BOnH, 'ITO 

06'bHCHHeTCH OTHOCHTenbHOH npoCTOTOH HX npoBe)J;eHHH (no CpaBHeHHIO, HanpH­

Mep, C nna3MeHHbiM HnH I:IenHHeHHO-onTH'IeCKHM 3KCnepHMeHTOM), a raK)I(e 

BbiCOKHMH KatiecmaMH MarHeTo)J;HJneKTpHKOB. Oco6eHHo yno6HbiM o6'beKTOM 

)J;nH 3KCnepHMeHTOB HBnHeTCH KpHCTann )I{Uf - )l(ene30-HTTpHeBbrH rpaHaT, 

o6nanaiOUlHH BO MHOrHX OTHOWeHHHX yHHKanbHbiMH CBOHCTBaMH. Eon&WaH 

'laCTb 3KCnepHMeHTanbHbiX )J;aHHbiX, OnHCaHHbiX B HaCTOHUleH rnaBe, OTHOCHTCH 

K :>KHf. Ba)I(Hbre 3KcnepHMeHTanbH&re pe3yn&TaT&I 6&mH nonY"eH&r TaK)I(e · Ha 

A<l>M MnC0 3 ,CsMnF3 H FeB0 3 . 

3KcnepHMeHT.anbH&re naHH&re o JanoporoBoM noBeneHHH CB HaKannHBaroT­

CH C Ha'lana 60-X ro)J;OB. K 3TOMy )l(e BpeMeHH OTHOCHTCH H nepBbie ee MO)J;enH, 

aBTOpbr KoTop&rx CTaBHnH npe)I(,U,e Bcero uen& - HaHTH MexaHH3M, orpaHH'IH­

BarolilHH poeT aMnnHry)J;&I HeycTOH'IHB&rx CB. TiepBbiM JTanoM Ha noM nyrH 
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6bma pa6oTa X. Cyna [211], KoTopbrn rroKa3an, 'ITO rrpH HaKa'IKe CB o~Hopo~­
HOH npeueccHeH (OTI) HaMarHH'IeHHOCTH OCHOBHbiM MeXaHH3MOM orpaHH'IeHHH: 
RBnReTcR HX o6pamoe BnHRHHe Ha HaKa'IKy, npHBo~muee K "3aMopa)IGI:BaHHro" 
ee aMnnHTY~bl Ha noporoBoM yposHe. O~HaKo nonbiTKH o6nRCHHTb JTH H:Bne­
HHR npH rrapannenbHOH HaKa'IKe BCTpemnH 3Ha4rnenbHbie TPY~Hocm. IlpHsne­
'leHHe CnOCOOOB orpaHH'IeHHH: rrapaMeTpH'IeCKOH HeycTOH'IHBOCTH, Tpa,!l;HUHOH­
HbiX IJ)IJI rrapaMeTpH'IeCKoro pe30HaHca B CHCTeMax C ManbiM 'IHCnOM CTeiieHeH 
CBOOO~bl - HenHHeHHOro 3aTyXaHHH: H HenHHeHHOH paCCTp0HKH '!aCTOTbl - OKa-
3anOCb He~OCTaTO'IHbiM, B 6onbUIHHCTBe cnyt~aeB HenHHeHHOe 3aTyxaHHe OKa3bi­
BaeTCJI cnHIIIKOM cna6biM H 'lyBCTBHTenbHbiM K BenH'IHHe nOCTOJIHHOrO MarHHT­
Horo nonR, 'IT06br o6nRCHHTb Ha6nro~aeMbiH ypoBeHb CB, HenHHeHHaR :>Ke 

paCCTpOHKa 'laCTOTbl BOo6me He orpaHH'IHBaeT napaMeTpH'IeCKHH pe30HaHC B 
HenpepblBHOH cpe~e, TaK KaK npH nro6oH aMnnHTy~e HaH~YTCH: BOnHbl, nepeHop­
MHpoBaHHbie 'laCTOTbl KOTOpbiX B TO'IHOCTH Y~OBneTBOpH:lOT ycnOBHRM pe30-
HaHCa. Ba)IQ{biH IIIar B noHHMaHHH 3arroporoBoro rroBe~eHHR napaMeTpH'IeCKH 
B036y)l(,[l.eHHbiX CB (ITCB) 6bm c~enaH E. IIlneMaHHOM B 1962 r. [234], KOTo­
pbrn o6pamn BHHMaHHe Ha Heo6XO,!J;HMOCTb y'leTa HenHHeHHOro B3aHMO~eH­
CTBHJI IICB Me)!()J;y co6oii H BbiCKa3an Mbicnb, 'ITO maBHblli BKna~ B no B3aHMO­
~eiicTBHe BHOCRT HenHHeHHbre rrpoueccbl, y~oBnemopRromHe ycnoBHRM 

(15 .1) 

H He BblBO~H:ll.IHe BOnHbl H3 napaMeTpH'IeCKOrO pe30HaHCa. 
HoBbiH nepHo~ B H3yqeHHH HenHHeHHbiX RBneHHH rrpH rrapaMeTpH'IeCKOM B03-

6y)!()J;eHHH BonH Ha'lancR B 69-70-x ro~x nHoHepcKHMH pa6oTaMH B. E. 3axapo­
Ba, C.C. CTapo6HHUa H aBTopa 1969-1970 r.r. [93-96], KOTOpbre rroKa3anH, 
'ITO npoueccbr mna ( 15 .1) coxpaHRJOT KoppenRUHJO cpa3 BHYTPH Ka)!()J;oH napa­
MeTpH'IecKH B036y)l(,[l.aeMOH rrapbl BOnH C rrpomBononO)IQ{biMH BOnHOBblMH 
BeKTOpaMH H IIpHBO~T K caMOCOmacoBaHHOMY H3MeHeHHJO cyMMapHOH cpa3bl 
BOnH B Ka)!()J;OH nape. 3m rrpHBO,!J;HT K yxy~eHHro CBR3H CB c HaKa'IKOH H, 
B KOHe'IHOM HTore, K orpaHH'IeHHJO HX aMIInHry~bl. flpH 3TOM B036y>K~eHHblMH 
OKa3blBalOTCJI KaK pa3 Te BOnHbl, rrepeHOpMHpoBaHHbie '!aCTOTbl KOTOpbiX 
B TO'IHocm y~oBnemopRroT ycnoBHro rrapaMeTpH'IecKoro pe3oHaHca. TaKoH 
fPa308biU MeXaHH3M orpaHH'IeHHH: aMnnHTY~bl BOnH, cneUHcpH'IeCKHH IJ)IH: 
CllnOlliHOH cpe~bl H B 'IHCTOM BH~e ocymecTBnRJOll.IHHCH: TOnbKO B CHCTeMe 
npe~enbHO 6onbiiiHX (no cpasHeHHro c IJ)IHHOH sonHbr) pa3MepoB, oKa3ancR 
rnaBHbiM MeXaHH3MOM orpaHH'IeHHH: aMnnHTY~bi CB rrpH rrapannen&HOH HaKa'I­
Ke B Hepacna,!J;HOH 'lacm crreKTpa. Ilpoueccbr (15.1) c yt~eToM Heo6xo,!J;HMbiX 
cpa30BbrX COOTHOIIIeHHH y~o6HO H3y'laTb, ocymecTBHB ,!J;HarOHanH3aUHJO raMHnb­
TOHHaHa B3aHMo~eiicTBHR BonH, aHanorH'IHYJO EKIII-rrpH6nH>KeHHro B TeopHH 
CBepXIIpOBO,!J;HMOCTH. TeopHR, OCHOBaHHaR Ha 3TOM npH6nH>KeHHH (B:E. -3axa­
poB, B.C. JlbBOB, C. C. CTapo6HHeu, [96]) , rronYt~Hna B ~amHeiiiiieM Ha3BaHHe 
S -TeopHH. B pa6oTax 70- 74-x ro~oB BbiiiieynoMRHYTbiX Tpex aBTopoB H HX 
Kanner c.n. Mymepa, B .B. 3ayTKHHa, A .M. Py6eH'IHKa H HeKoTOpbiX ~pyrHX 
ynanocb B paMKax S -TeopHH H ee o6o6meHHH ~aneKo npo~HHYTbCR B H3yqeHHH 
3anoporoBoro noBe~eHHR CB, o6'bRCHHTb Ka'lecTBeHHO MHorHe Ha6nro~aeMbre 
B JKcnepHMeHTe 3cpcpeKTbl H nOn)"'HTb y~oBneTBOpHTenbHOe KOnH'IeCTBeHHOe 
comacHe c 3KcnepHMeHTOM [84-87, 98, 102, 103, 148- 155]. 

B t~acmocTH, B paMKax S-TeopHH 6bmH o6nRCHeHbi mraHTCKHe aBTOKone6a­
HHR HaMarHH'IeHHOCTH npH rrapaMeTpH'IeCKOM B036y)!()J;einm CB, o6HapY>KeHHbre 
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s 1961 r. T.C. XaprnHKOM, E.P. IlepeceHHH H M.T. BeiicoM [221] H snocneA­
CTBHH AeranbHO HccneAoBaHHbie JKcnepuMeHranbHO. B 1974 r. B.E. 3axapos, 
B.C. Jlbsos H C.C. Crapo6Hueu ony6nHKosanH o63op s Y<I>H [105) (s ocHOB· 
HOM no pe3ynhraraM, nony'leHHbiM c HX yqacrHeM), s KoropoM 6bma nocneAo­
sarenhHO H31lO)!(eHa S -reopHH H c ee ro'IKH 3peHHH paccMarpHBanHCb H o6'b.IICH.II· 
nHCb pe3y1lbT3fhl p.11A3 JKCnepHMeHTOB. 

B nocneAYJ01UHe nHTb ner reMn reopeTH'leCKHX HccneAoBaHHH HenHHeHHbiX 
HsneHHH npH napaMerpH'IeCKOM B036y)!(AeHHH CB CHHJHncH. B OCHOBHOM no 
6biDO CB.II33HO C reM, 'ITO K ·1974 r. pa3BHTaH reOpH.II, Bo-nepBbiX, CYI.UeCTBeH­
HO o6omana JKcnepHMeHranbHbie pa6orhi H, so-sropbiX, eme He crana AOCTOH· 
HHeM OCHOBHOH 'l3CTH HCcneAOBareneif B JTOH o6naCTH. B 3TH rOAhl eme nO.IIB1l.ll· 
nHcb reoperH'lecKHe pa6orhi, onposepraro1UHe S -reopHIO (eM., HanpHMep, 
[225], [63]) HnH, HanpoiHB, nepenonyqaromHe ee pe3ynbTaTbi APyrHM Mero­

AOM (HimpHMep, [185)). B ~eKoropbiX reopeTH'leCKHX pa6orax npoMe)!(yro'IHO· 
ro xapaKrepa, ocHoBaHHhiX Ha S -reopHH, HOBbie, HO HesepHbie peJynbrarhi 
6binH CB.II33Hhl, HanpHMep, C HeAOnOHHMaHHeM rpaHHU ee npHMeHHMOCTH 
(eM., HanpHMep, [53), [179), [185]). B TO )!(e speM.II B pa6orax r .A. MenKO· 
sa, n.A. Ilpo30pOBOH, B .l1. O)!(OrHHa, B .B . 3ayrKHHa H HX corpyAHHKOB 
[124-131], [133-136), [138-139), [172-177), [·189-194), [197), 
[199-202), [204- 208) 6blnH nonyqeHbl HHiepeCHbie H B3)!(Hble JKCnepHMeH­
TanbHbie pe3ynbTaTbi no HenHHeHHoMy noBeAeHHro IICB, cBH3aHHhie c HOBbiM 
IIOHHMaHHeM <l>H3HKH npOHCXOA.IIlllHX HBneHHH 33 noporoM napaMeTpH'IeCKOro 
B036~AeHH.II BOil H. EbmH nOATBep)!(AeHbl OCHOBHbie BbffiOAhl S -reopHH, Bhi.IIC· 
HeHbi AeranH HenHHeHHoro noseAeHHH CB H o6Hapy)!(eHhi KonH'lecrseHHO HO· 
Bbie HenHHeHHhie J<l><l>eKThi, Koropbie 6bmo rpyAHO npeACKaJarh reopeiH'IecKH. 

B no if rn~e HJnO)!(eHbi cos peMeHHbie npeAcrasneHHH o roil 'laCTH S -reopHH 
H rex 3KCnepHMeHTanbHblX pe3y1lbT3Tax, KOIOpbie OTHOC.IITC.II K CTauHOHapHOMY 
cocroHHHIO IICB. PaJyMeercH, 3Ha'leHHe JTHX pe3ynhraros BhiXOAHT Ja paMKH 
HeKoropoii 'lacTH <l>HJHKH MarHeroAHJneKrpHKOB . OHH ChirpanH H, 6eJycnosHo, 
6yAyT npoA01l)!(aTb Hrparb Ba)!(ffYIO ponb B pa3BHTHH <l>H3HKH HenHHeHHbiX 
BOnH B ApyrHX CpeAax. 

§ 16. UocTaHOBKa JanaqH o HellHHeAnoM noBeAeHHH 

napaMeTpaqecKH B036~eHHLIX BOJIH 

IlpH <l>opMynHpOBKe HenHHeHHOH reopHH napaMerpH'IecKoro B036y)!(AeHH.II 
sonH - S -reopHH - Mhi CAenaeM pHA ynpomeHHH, npH6nH)!(eHHH, npemono)!(e­
HHH paJHoro xapaKrepa. 

1. EyAeM C'!Hrarh, 'ITO cpeAa, B Koropoii pacnpocrpaHHIOTC.II BOnHhi : CB 
B MarHeTOAJ131leKTpHKax, pa31lH'IHbie THnhi B01lH B rrna3Me, B011Hbl Ha noBepx­
HOCTH BOAhl H T.A., .IIBn.lleTC.II HeorpaHH'leHHOH H npocrpaHCTBeHHO·OAHOpoAHOH. 
,li,n.11 JTOro Heo6XOAHMO, 'IT06bi o6pa3Ubl MarHeTOAJ131leKipHKOB, rrna3Mbl H T.A. 
6binH AOCraro'IHO xopornero Ka'lecrna, a HX nHHeHHhie pa3Mepbi L CYI.UecrneH­
Ho npeBbiillanH A]]HHY CBOOOAHOro npo6era BOnH I-;::;; 'Y-I awjak. BnH.IIHHe cra­
THCTH'leCKH C1lY1J:aHHbiX HeOAHOpOAHOCTeH Ha pacnpocrpaHeHHe B01lH H HX 
HenHHeHHoe noseAeHHe 6yAer paccMorpeHo s rn. 9. 

2. BonHbi s cpeAe 6yAeM oiiHCbmarh s paMKax KnaccH•JecKoro raMHnhro­
Hosa lpOpManH3Ma, OIIHC3HHOrO B rn. 2, r.e. C nOMOlllbiO ypaBHeHHH ABH)!(eHH.II 

77 



(5 :6) ,wiH KOMrUieKCHbiX aMITJIHTyp; 6erytUHX BOnH bt, bt, B KOTOpblX KBap;pa­
THqHbiH raMHnbTOHHaH JC HBnHeTCH JJ;HarOHanbHbiM. 3TOT TIO)J;XO)J; B 6onbUJHHCT· 
se cnyqaes xsnxeTCH 6eccnopHbiM. Op;HaKo, KaK oTMeqanocb B rn. 2, oH Heoqe. 

BHp;eH npH onHcaHHH CB npH TeMnepaTypax, He ManbiX B cpasHeHHH c TeMnepa­
TypoH KropH. CTporn}i MeTop; onHcaHHH B3aHMop;eHCTByroiUHX CB npH KOHeq. 

HbiX TeMnepaTypax p;on:>KeH OnHpaTbCH Ha CnHHOByro p;HarpaMMHYlO TeXHHKY 

nnx HepasHosecHbiX npoueccos (BJ1. EenHHHqep, B .C. Jlbsos, [56]). 0)J;HaKo 
B JTOH KHHre WJH npoCTOTbl Mbl 6yp;eM HCXO)J;HTb H3 ypasHeHHH J?noxa B KaHO· 
HHqecKHX nepeMeHHbiX, nonarax, qTo B HHX JaKnroqeHa "JHa~TenbHaH qacTb 

llpaB}J;bl 0 CTIHHOBbiX BOnHax". 
3. TaK :>Ke, KaK H BO BTOpoH rnase, 3ayYXaHHe BOnH Ha p;aHHOM :nane HCCne­

)J;OBaHHH 6yp;eM y~TbmaTb <f>eHoMeHonornqecKH c noMOIUblO JJ;HCCHna~BHoro 

cnaraeMoro 'Yk bk B ypasHeHHH (1 0.3). MoryT B03HHKHyYb coMHeHHx B npaso­
MOqHOCTH JTOH npouep;ypbl ·npH OTIHCaHHH KOrepeHTHbiX BOnHOBbiX CHCTeM, B 

KOTOpbiX cymecmeHHbl <Pa30Bble COOTHOWeHHH. B }J;anbHeHWeM, B rn. 10, 3Ta 
npouep;ypa 6yp;eT OOOCHOBaHa C TIOMOIUblO JJ;HarpaMMHOH TeXHHKH (rii . 7) H 

6yp;eT TIOKa3aHO, qTo p;eKpeMeHT 3aTyxaHHH BOnH 'Yk B (10.3) MO:>KHO Bbl· 
~CnHTb C TIOMOlUblO 06bNHOro KHHemqecKoro ypasHeHHH. 3TO He OTHOCHTCH, 

O)J;HaKO, K paCCMOTpeHHOMY B rn. 9 cneuHanbHOMY cnyqaro, B KOTOpoM 3ayYXa· 

HHe BOnH o6ycnosneHO pacceHHHeM Ha cnyqaHHbiX HeO)J;HOpoJJ;HOCTHX. 
4. YnpomeHHH, HJno:>KeHHbie B nn. 1- 3, HecneUH<PHqmi nnx npo6neMbi He­

ITHHeHHoro nosep;eHHH IICB, H OHH HCnonb3YlOTCH B s;TeopHH TQqHo TaK )Ire, 

KaK H BO MHOrHX p;pyrnx 3ap;aqax tPH3HKH HenHHeHHbiX BOnH. B JTOM TIYHKTe 
Mbi o6cyJJ;HM 6onee yJKHH Bonpoc o Bbt6ope raMHnbToHHaHa B3aHMop;e}icmHH 
BonH B S -TeopHH. Bee ll__QB HMelOT noqm OJJ;HHaKOBbte qacTOTbi (B ·npoueccax 

nepBOro nopHJJ;Ka, paBHbie nonOBHHe qacTOTbl HaKa~H), ll03TOMY pe30HaHC· 

HbiMH WIH HHX HBnHlOTCH TOnbKO qeTblpeXBOnHOBbie npoueCCbl pacceH· 
HHH THTia 2 ~ 2, KOTOpbte OTIHCbffialOTCH raMHnbTOHHaHOM (5 .30). qTO Ka· 

caeTcx ocTanbHOH qacm JCin t • TO oHa onHcbmaeT B3aHMOp;e}icmHe IICB c 
pe3epByapoM TepMHqeCKH B035y:>K)J;aeMbiX BOnH H npHBO)J;HT K 3aTyxaHHlO 
IICB, KOTopoe Mbi y:>Ke yqnH B (10.3) <f>eHoMeHonornqecKH. 3a6erax Bnepep;, 

MO:>KH_9 CKa3aTb, qTO JTa npouep;ypa HMeeT WHpoKylO no HaJJ;KpHTHqHOCTH o6-
naCTb npHMeHHMOCTH, ecnH Bee TpeXBonHOBbte npoueccbi 3anpemeHbi JaKoHaMH 
coxpaHeHHx, H HaH6onee yJKyro o6nacTb npHMeHHMocm, ecnH pa3peWeHbi Tpex­
sonHoBbte npoueccbi pacnap;a OJJ;HOH IICB Ha )];Be TermoBbte. B rn. 8 p;eTanbHO 

paccMoTpeHo BnHHHHe TpeXBonHOBbiX npoueccoB B3aHMop;e}icmHx IICB c Ten­
noBbiMH CB Ha HenHHeHHoe nosep;eHHe IICB. 

S. BHeWHee BoJp;e}icmHe Ha cpep;y - napaMeTpHqecKyro HaKaqKy 6yp;eM 
C~TaTb MOHOXpOMamqeCKOH H npoCTpaHcmeHHO-Q)J;HOpoJJ;HOH (14.18) . 3TH 

npep;nono:>KeHHH npeKpaCHO BbiTIOnHHlOTCH ,wlH BCeX MeTO)J;OB napaMeTpHqec­
Koro B036y:>K)J;eHHx CB, paccMoTpeHHbiX B § 14. lle}icmHTenbHO, xapaKrepHbte 

3HaqeHHH qacTOT HaKaqKH CB Wp ne:>KaT B JJ;Hana3oHe (1 0 + 36) rru, qTo COOT· 

BeTcmyeT ,wiHHaM BOnH 3neKTpoMarHHTHOro HJnyqeHHH (3;0 + 0,8) CM. 3TO 

cywecmeHHO npeBbtwaeT xapaKTepHbie 3KcnepHMeHTanbHbie 3HaqeHHH WIHH 
IICB oo-l + 10-5) CM. qTO KacaeTCH CTeneHH HeKorepeHTHOCTH HaKaqKH, TO 

qaCTOTHaH WHpHHa nHHHH HCTIOnbJyeMbiX B 3KCnepHMeHTax HCTOqHHKOB CBq 

~JnyqeHHH - MarHeTpoHOB H KnHCTpoHOB - no KpaHHeH Mepe Ha p;sa nopHJJ;Ka 
y:>Ke, qeM peKOp)J;HaH WHpHHa nliHHH CB 'Yk = 105 ru. 
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,il,n.11 napaMeTpHt~ecKHX npoueccoB nepBoro nop.11nx:a (pacnana onHoro 
"KBaHTa" rrOn.ll H3K3tJKH Ha 1J.B3 M3fHOH3, faMHnbTOHH3H B3aHMOII.eHCffiH.II C H3-
K3'1KOH J( p HMeeT BHIJ. (14.18) : 

J(P = ~~ [h Vkbtb~k exp(iwpt) + KoCo] 0 (16.1) 
k 

,il,n.11 npouecca BToporo nop.llll.Ka (pacnana nBYX "KBaHTOB" Oil Ha n.Be CB) 
raMHnbTOHHaH J(P nonyqaeTC.II H3 (16.1) nocne 3aMeHbi h Y kexp(iwp t) -+-Tok b~ 0 
I103TOMY fiyneM C'IHT3Tb, 'ITO J( p HMeeT BHIJ. (16.1), H TOnbKO B OKOH'IaTenbHbiX 
<l>opMynax fiyneM npH HeofiXOIJ.HMOCTH npoBOII.HTb ny 33Meeyo 

6. B 3TOM nocnenHeM nyHKTe Mbl 3anHllleM ypaBHeHH.II /l,BH)f(eHH.II CB, KoTo­
pbre B iJ.3nbHeHllleM 6yneM HCrrOnb30B3Tb, IJ.n.ll 3HanH3a HX HenHHeHHOfO llOBe­
neHH.II npH napaMeTpHtJeCKOM B036y)I(IJ.eHHH o IlOIJ.CTaBn.ll.ll B iJ.HH3MHtJecKHe 
ypaBHeHH.II IJ.BH)I(eHH.II (10.3) raMHnhToHHaH IICB J(int = J(P + Jf4 , B KOTOpoM 
J(P H Jf4 onpeneneHbi <t>opMynaMH (16.1) H (So30) coomeTcmeHHo, nony­
tJHM OKOHtJaTenbHO 

( :t + 'Yk +iwk)bk +ihVkexp(iwpt)b~k = -i 
0

0
:; , (16.2) 

oJC4 
(1603) 

§ 17. Ch30Bide COOniOllleHH.II IIpH napaMe'I]HI'IecKOM B03fi}')f(,!J;eHHH B01DI 

H Mex8HH3Mid orpllHH'IeHHJI aMDJDt'l)']);hi 

17 .1. AHa1UI3 <l>a30BhiX coomolllemdt. licxonHbre ypaBHeHH.II )J,BH)f(eHH.II 
(16o2) B nHHeHHOM npHfinH)f(eHHH (T.eo npH Jf4 = 0) pacnanaJOTC.II Ha He3aBH­
CHMbie napbr ypaBHeHHii 11.n.11 CB c paBHbiMH H npornBonono)f(Ho HanpaBneHHbi­
MH BOnHOBbiMH BeKTOpaMH ±k. IJocne HCKnJOtJeHH.II fihiCTpoH 3aBHCHMOCTH 
OT BpeMeHH, T.e. B "Me):vleHHbiX" nepeMeHHhiX 

ak(t) = bk(t)exp(i Wp t/2), 

OHH npHOfipeTaJOT BHIJ. 

[a: + 'Yk + i(wk- Wp/2)] ak + ih Vka~k = 0, 

[:t +rk - i(wk- wp/2)] a~k- ihVlak = 00 

I1onara.11 ak,ak -e"kt, HMeeM 

Vk =- 'Yk ± ( j h Vk 12 - (wk- Wp/2)2
) l/

2 
o 

(17.1) 

(1702) 

(17.3) 

Pa:JyMeeTc.ll, no Bhip3)f(eHHe coBnanaeT c <l>oPMYnoii (11.17), nonyt~eHHoii B 
rn. 3, B KOTOpoH napaMeTpHtJeCKa.ll HeycTOHtJHBOCTb p3CCM3TpHB3n3Cb K3K 
tJ3CTHhiH cnyqaif TpeXBOnHOBOH pacnanHOH HeycTOHtJHBOCTH BOnHbl C kp = 00 

MHHHM3nbHbiH nopor, COOTBeTCTBYIOUlHH napaMeTpHtJeCKOMY pe30HaHCY 2wk = 
= Wp, onpenen.lleTC.II H3 ycnOBH.II I h vk I= 'Yk· HMeJOmero npoCTOH CMblcn 
fianaHca JHeprHHo lleiicmHTenbHO, llOTOK JHeprHH W+ , llOCTynaJOUlHH OT HaKatJ-
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KH B napy BOJIH ± k, paBeH 

W+ =- 3Xp/3t = iwp(h Vkak a:_k + K .c.) = 

=21 hVkl wP I akl 2 sin(~ -1/lk) . ( 17 .4) 

3a;ecb ak =I ak I exp(- i1,0k), l/lk = 'Pk + ~~'-k - <Pa3a napbi , ;Jk = arg(h Vk). C 

p;pyroH CT0p0Hbl, :mepriDI W _, IJ;HCCHnHpyeMlUI napOH B ep;HHHUY BpeMeHH, 

paBHa 

W_ = 2-yk[wk I ak 1
2 + w_k I a_k 1

2
] = 2wp'Yk I ak 1

2
. (17.5) 

B TO'IKe nopora W + = W _. HaH6oJiblliHH noTOK JHeprHH H HaHMeHbiiiHH nopor 

HeycTOH'IHBOCTH ocyiiieCTBJI.R:IOTC.R: IJ;Jl.R: napbl C HaH6onee Bbii'OIJ;HbiM <JlaJOBbiM 

COOTHOIIIeHHeM 1/Jk = ;fk + 1T/2. llpH JTOM IJ;Jl.R: nopora BHOBb cnpaBeiJ;JlHBO COOT­

HOIIIeHHe I h vk I = 'Yk. YcnOBHe napaMeTpH'IeCKOrO pe30HaHca, O'leBH)J;HO, MO)J(eT 

Oa;HOBpeMeHHO BbiiiOJIH.R:TbC.R: a;nn 6onbiiiOro 'IHcna nap, BOJIHOBbie BeKTOpbi 

KOTOpbiX Jie)J(aT Ha peJOHaHCHOH nOBepxHOCTH. MHHHMaJibHbiH nopor B036y)J(p;e­

HH.R: h 1 HMeiOT napbl, y KOTOpblX OTHOIIIeHHe 'Ykl I vk ~ MHHHMaJibHO : 

h1 = min(-yk/ I Vk I). (17.6) 

llpH h > h 1 Ha'IHHaeTC.R: JKCnOHeHUHaJibHbiH poeT aMIIJIHTYA nap: 

ak(t) =ak exp(vkt - il/lk/2), 

a:_k(t) = a:_k exp(vk t + il/lk/2) 

C HHKpeMeHTOM (17.3), npH'IeM HJ (17.2) cnep;yeT, 'ITO 

cos(l/lk- ;fk) = (wk - {i)p/2)/hVk. (17.7) 

3TO OJHa'laeT, 'ITO Ha JIHHeHHOH CTall;HH napaMeTpH'IeCKOH HeyCTOH'IHBOCTH 

yCTaHaBJIHBaeTC.R: onpep;eJieHHOe COOTHOIIIeHHe Me)J(IJ;y <!JaJaMH BOJIH B nape. 

<l>a30BYIO KOppeJI.R:UHIO BOJIH C paBHbiMH H npoTHBOnOJIO)J(}{O HanpaBJieHHbiMH 

BOJIHOBbiMH BeKTOpaMH no aHaJIOrHH CO CBepxnpOBO)J;HMOCTbiO MOlKliO HaJBaTb 

cnapueaHueM. B OTJIH'IHe oT csepxnpoBOAHMOCTH, <lJHJH'IecKOH npH'IHHOH, 

npHBO~J;.R:IUeH K cnapHBaHHIO BOJIH, CJiy)J(HT HaKa'IKa, BbJAeJI.R:JOIUa.R: H3 nepBO­

Ha'laJibHOfO <JlaJOBOfO xaoca napbl BOJIH, IJ;Jl.R: KOTOpbiX MaKCHMaJieH HHKpeMeHT 

HeycTOH'IHBOCTH. 8 IJ;aJibHeHIIIeM 6yp;eT noKa3aHO, 'ITO Ha HeJIHHeHHOH CTaa;HH 

pa3BHTIDI HeycTOH'IHBOCTH <!JaaOBlUI KOppeJI.R:UH.R: .R:BJI.R:eTC.R: nOJIHOH. 3TO 03Ha­

qaeT, 'ITO, XOT.R: BeJIH'IHHa ak CJiyqaHHa, BeJIH'IHHa aka- k 6ya;eT a;HHaMH'IeCKOH, 

npH JTOM (aka-k > = aka-k, ( l/lk > = l/lk. 
17 .2. HeJIHHelbu.Ie MeXaHH3Mbi orpaHH'IeHHJI napaMe-rpll'lecKoA: HeycroA:qu­

BOCTH. llpocTeHIIIHM MexaHH3MOM TaKOrO poa;a MO)J(eT" 6biTb HeJIHHeHHOe 3aTy­

XaHHe, T .e. 3aBHCHMOCTb 'Yk OT KBap;paTOB aMIIJIHTYA napaMeTpH'IeCKHX BOJIH 

I ak 12 (E. lllneMaHH [235), n. fOTJIH6 H X. Cyn, [69]). CTaUHOHapHbie aMIIJIH­

TYAbl BOJIHbl onpea;en.R:IOTC.R: H3BeCTHbiM ycnoBHeM 6anaHca JHeprHH: I h vk I = 'Yk. 
Jln.R: KaqecmeHHOrO aHaJIH3a Bbi6epeM npOCTeHIIIYIO 3aBHCHMOCTb 'Yk = 'Yo + 
+ 11 ~ lak' 12 • Tora;a 

k' 

~ lak·l2 
=(lhVI - 'Yo)/11= V(h- h 1 )/11. (17.8) 

k' 

llpH JTOM <JlaJbl 'Pk onpep;eJI.R:IOTC.R: H3 YCJIOBIDI napaMeTpH'IeCKOfO pe30HaHCa 

H CIJ;BHHYTbl Ha 7T/2 OTHOCHTeJibHO <Jla3bl HaKa'IKH. 
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Eme OAHH O'leBHAHbiH MexaHH3M orpaHH'!eHHH napaMeTpHtieCKOH HeycTOH'IH· 

BOCTH CBH3aH C o6paTHbiM BJIHHHHeM nCB Ha HaKa'IKy. ,IleiiCTBHTeJibHO, nOTOK 

:meprHH B CHCTeMy nCB, He06XOAHMbiH AJ!H TOro, 'IT06.bi nOMep)!(HBaTb HX 

KOJIH'IeCTBO Ha KOHe'IHOM ypoBHe, OT6HpaeTCH OT HaKa'IKH H yMeHblllaeT ee 

aMIIJIHTYAY. B npocreiillleM crryqae, KOrAa ApyrHe MexaHH3Mbi orpaHH'IeHHH 

OTCYTCTBYJOT, aMIIJIHTyAa HaKa'IKH "3aMOpa)!(HBaeTcH" Ha noporOBOM ypOBHe, 

a KOJIH'IeCTBO B036y)!(AeHHbiX nB onpeAeJIHeTCH H3 ycJIOBHH 6arraHca :meprHH 

B CHCTeMe HaKa'IKH. B pHAe crryqaeB, HanpHMep, KOrAa HaKa'IKOH AJIH CB B <l>M 

CJiy)!(HT On, B036y)!(AaeMaH B pe30HaHce BHelliHHM CBq norreM, MeXaHH3M 

"o6paTHOrO BJIHHHHH" AeHCTBHTeJibHO Ba)!(eH, H OH 6yAeT paCCMOTpeH nOAp06HO 

B § 22. B Apyrnx crry'laHx, HanpHMep, npH "naparrrrerrbHOH HaKatiKe"; KOrAa CB 

B MaJieHbKOM o6pa3IJ;e MarHeTOAH:meKTpHKa B036y)!(Aa!OTCH CBq norreM OOJ!b· 

lliOfO pe30HaTopa, o6paTHOe BJIHHHHH nCB Ha none h B pe30HaTOpe, KaK npaBH· 

rro, MO)!(HO He Y'IHThiBaTb. 

Tpernii "cjla30Bblli" MexaHH31\1 orpaHH'IeHHH, npeAJIO)!(eHHbiH B.E. 3axapo­

BbiM, B .C. JlbBOBbiM H C .C. Crapo6HHIJ;eM [94), Hrpaer onpeAeJIHJOUlYJO poiTb 

npH napaMerpH'IeCKOM B036y)!(AeHHH BOJIH. Ero noApo6HOMY paccMorpeHHJO 

H COnOCTaBJieHHIO C 3KCnepHMeHTOM B cjleppo· H aHTHcjleppoMarHeTHKaX nOCBH· 

UleHa B OCHOBHOM 3Ta rrraBa. 3AeCb Mbl TOJibKO OTMeTHM, 'ITO cjlaJOBb!H Mexa­

HH3M orpaHH'IeHHH CBH3aH CO cnapHBaHHeM H B03HHKaJOUlHM H3·3a Hero '!eTbl· 

peXBOJIHOBbiM B3aHMOAeHCTBHeM, KOTOpoe npHBOAHT K cjla30BOMY paccorrraco­

BaHHIO (sin t/J < 1) Me)!(AY napaMH H BHelliHeH HaKa'IKOH, T.e. K yMeHbllleHHIO 

nOTOKa 3HeprHH B CHCTeMy. qeTBei>TbiH MeXaHH3M orpaHH'!eHHH, CBH3aHHbiH 

C 06pa30BaHHeM H KOJIJianCOM COJIHTOHOB, AeHcTByeT, KOrAa K03cjlcjlHIJ;HeHT 

raMHJibTOHHaHa (16.1) vk MaKCHMarreH B OAHOH nape TO'IeK, TaK 'ITO 3a nopo­

rOM B036y)!(AaercH Y3KHH naKeT BOJIH. 3ror MexaHH3M orpaHH'!eHHH 6yAeT 

OIIHCaH HaMH B rJI. 6 . 

§ 18. ,llHaroHaJlLHbdt raMHJibTOHHaH, ypaBHeHH.II ABH)I(eHH.II 

H OCHOBHOe COCTO.IIHHe B S-TeopHH 

18.1. llpH6JIH)I(eHHe AHaJ'OHaJibHoro raMHJibTOHHaHa. 06cyAUM 6orree no­

Apo6Ho ynpomeHHe raMHJibTOHHaHa B3aHMOAeHCTBHH BOJIH, HaMe'!eHHOe B 

npeAbiAYUleM naparpacjle B CBH3H C paCCMOTpeHHeM cpa30B0f0 MeXaHH3M3 

orpaHH'IeHHH. 0HO COCTOHT B 3aMeHe raMHJibTOHHaHa '!eTbipeXBOJIHOBOfO B33· 

HMOAeiicTBHH (5 .30) ero AHaroHaiTbHOH no napaM BOJIH ± k '!aCTbJO. B "MeAJieH 

Hb!X" nepeMeHHbiX AH3fOHaJibHbiH raMHJibTOHHaH HMeeT BHA 

(18.1) 

B J(int OCTaBJieHbl TOJibKO 'IJieHbl, JIHOO He 33BHCHUlHe OT cpa3 BOJIH B006Ule 

(nepBaH cyMMa B ( 18 .1)), rrH6o JaBHCHUlHe TOITbKO or cyMMhi cpa3 .t/lk = 'Pk +<p_k 
B napax. Bee ocTaJibHbie crraraeMbie, 3aBHCHUlHe or HHAHBHAYaJibHbiX cpa3 BOJIH 

(TO'!Hee, OT pa3HOCTeH 'Pk - 'Pk') , onymeHbl. <l>H3H'IeCKHH CMbiCJI OCTaBJieHHbiX 

B (18.1) 'IJieHOB CT3HOBHTCH HCHbiM H3 ypaBHeHHH ABH)I(eHHH AJIH 3MITJIHTYA ak . 
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no)J,CTaBJUUI B ypaBHeHMH (16.2) raMMflbTOHMaH (18.1) , nonylfMM 

[a: + 'Yk + i(wk - wP/2) ]ak + iPk a :_k = o. (18.2) 

3TH ypaBHeHMH OTnMlfaJOTCH OT JJMHeHHhiX ypaBHeHMH ( 17 .2), onMCbffiaJOIUMX 

napaMeTpM'IeCKYIO HeycTaHlfMBOCTb, TOJJbKO nepeHOpMMpoBKOH lfaCTOTbl 

Wk -+ Wk M HaKalfKM h vk -+ pk> B03HMKaJOIUeH M3-3a nepBOH M BTOpOH CYMM 

B ( 18 .1) COOTBeTCTBeHHO: 

Wk = Wk + 2 I: Tkk' I ak ' 12 , pk = h vk +I: skk ' ak' a ~ k'. (18.3) 
k ' k' 

BbibMpaH B ypaBHeHMHX (18.2) ak =I ak I exp(- i.pk) M BhllfMcnHH a.pkjat, 
HaH)J,eM COOTHOilleHMe a(.pk - <P_ k)jat = 0, )J,eMOHCTpHpyJOIUee 6e3pa3nMlfHYIO 

ycTOHlfMBOCTb pa3HOCTM <fla3 B paMKaX TeOpMM C )J,MarOHanbHhiM raMIDibTOHMa­

HOM (18.1) . 3Toro M cnegosano O)I(Ji)J,aTb , TaK KaK pa3HOCTb ¢a3 6eryiUMX 

HaBCTpelly BOJJH onpegenHeT npocTpaHcTBeHHOe noJJO)I(eHMe yJnoB o6paJyJOmeii­

CH CTOHlfeH BOJ!Hbl , KOTOpaH B O)J,HOpO)J,HOM none HaKalfKM HMlfeM He <fJMKCMpo­

Baiia. Ee3pa3nMlfHOe paBHOBecMe pa3HOCTeH ¢aJ npMBO)J,MT K TOMY , 'ITO OHM 

MOfYT 6biTh xaOTM3MpoBaHbl JJJ06biM ManbiM B3aMMOJJ,eHCTBMeM, HanpMMep 

ManbJMM CJJylfaHHh!MM HeOJJ,HOpo)J,HOCTHMM MnM HeTOlfHOCTHMM <fJOpMbl KpMCTan­

na . npM'IMHOH CTOXaCTM3ali,MM <fla3 HBJ!HeTCH M "ocTaTOlfHOe" B3aMMOJJ,eHCTBMe, 

He y'!TeHHOe B JJ,MaroHanbHOM raMMJJhTOHMaHe (18.1) . Bnpol!eM, 3TO BJaMMOJJ,eii­

CTBMe npMBO)J,MT K HeKOTOpoH KOppeJJHli,MM pa3HOCTeH <fla3 B pa3JJMlfHb!X napax, 

O)J,HaKO :na KOppeiUili,MH BMeCTe C He)J,MarOHanbHh!MM l!neHaMM raMIDibTOHMaHa 

Jfint ocTaeTcH Manoii . Eonee nogpo6Hoe M CTporoe o6ocHOBaHMe npM6nM)I(eHMH 
/.1 

)J,MaroHanbHOro raMMmTo1maHa (18 .1) 6ygeT gaHo B rn. 10. 3gecb )l(e Mhi Tom-

KO OTMeTMM , 'ITO JTO npM6JJM)I(eHMe npMrO)J,HO BllnOTb )J,O aMllnMJY)J, nOJJH 

HaKalfKM h < h* , rge 

h*""' h 1 [(kaw/ak)/'YJ 1
'

2 ~ h1. (18.4) 

TeopMIO , OCHOBaHHYIO Ha )J,MarOHanM3ali,MM raMMJJbTOHMaHa B3aMMO)J,eHCTBMH 

go ¢opMhi (18 .1), Mhi 6ygeM HaJhiBaTb S-TeopHeii . B TaKOM HaJBaHHM OTpa)l(e­

HO onpegeJJHJOIUee BJIMHHMe KOJ<fJ<fJMJ.J;MeHTOB Skk ' Ha HeJIMHeHHOe noBe)J,eHHe 

CMCTeMbl nCB. 8 JJ,anbHeHWeM Mhl 6ygeM npegnonaraTb, 'ITO MH)J,MBMJJ,yanbHbJe 

<fla3bl BOJIH HBJIHIOTCH CJJYlfaHHb!MH M no MX aHCaM6niD npoM3Be)J,eHO ycpe)J,He­

HHe. npM JTOM CHCTeMa B3aMMO)J,eHCTBYIOIUMX CB OnMCbmaeTCH Ha H3bJKe 

KOppeJJHli,MOHHh!X <flyHKli,MH: 

<akaic· >=nkf:l(k - k'), <akak · )=akf:l(k+k') . (18 .5) 

BerrM'IHHhi nk M ak MMeJOT paJMepHOCTh geiicTBHH (Jpr c). YpaBHeHHH )J,JIH 

JTHX BeJJMlfHH JJerKO M}JfYT 6b!Tb noJJylfeHbl HenocpeACTBeHHO ycpe)J,HeHHeM 

ypaBHeHHH (18.3): -\ '-{-...._ 
ank r "'v. ~ 
- =- 'Yk nk - Im(Pic ak), 

2 ar c 18.6) 

1 

2 
npMBeJJ,eM npyroH BbiBO)J, OCHOBHblX ypaBHeHMH S-TeOpMM . JlrrH JTOfO He06XO­

llliMO MJ llMHaMM<IeCKMX ypaBHeHMH (16.2) C TOlfHblM raMMJJbTOHMaHOM JanalfM. 
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(16.3) n011YIIHTh ycpe,D;HeHHbie ypaBHeHH.II )1)1.11 KOppe11.11UHOHHbiX <J>yHKUHH 

nk, ak (18.5). B HX npaBbiX qacT.IIX B03HHKaiOT Kopperr.IIUHOHHbie <l>YHKI.UiH 

qerneproro nop.IIAKa <aiaia3a4>,<aia2a3a4 >. YpaBHeHH.II (18.6) no11y'1aTc.11, 

ec11H 3TH <J>yHKUHH BbiiiHCJIHTb npH611mKeHHO C nOMOIUbJO CTaH,!J;apTHOfO pacmen-

11eHH.II Ha napHbie KOpperr.IIUHOHHbie <J>yHKD;HH nk, ak : 

<aiaia3a4)=n1n2[..::l(k1 -k3)..::l(k2-k4)+..::l(kt-k4)X 

X ..::l(k2 -k3)] +aia3..::l(k1 +k2)..::l(k3 +k4), (18.7) 

<aia2a3a4>=ni[a3..::l(k1 -k2)..::l(k3 +k4)+ a2..::l(k1 -k3)X 

X ..::l(k2 + k4) + a2..::l(k1 - k4)..::l(k2 - k3)). 

PaJyMeeTc.ll, JTa npoueAypa He .IIB11.11eTc.ll 6o11ee cTporoi':i:, 'leM HaCHJibHa.ll peAyK­

UH.II raMHJlbTOHHaHa (16.3) )J;O BH,[J;a (18.1). 0Ha, O)J;HaKO, 6o11ee Tpa)J;HUHOHHa, 

H nOJTOMY )1)1.11 MHOrHX TaKOH BbiBO)J; OCHOBHbiX ypaBHeHHH S-TeOpHH (18 .6) 
BbirJI.IIIJ.HT 6o11ee y6e)J.HTe11bHbiM. 

llocrre JTOrO BbiBO)J;a CTaHOBHTC.II nOH.IITHO, 'ITO npH6rrmKeHHe )J.HarOHaJibHOfO 

raMHITbTOHHaHa npe)J;CTaBJI.IIeT no cymecTBY nepBbiH llOp.II)J;OK TeOpHH B03MYIUe· 

HHH no JCint- npHMH)f(eHHe, B KOTOpoM He Y'lHTbiBaJOTC.II KOpperr.llu;HH <J>11yK­

Tyau;HI':i: B011HOB0f0 n011.11, B03HHKaJOIUHe nO)]; ,[J;eHCTBHeM JCint· B 'TeopeTH'leCKOH 

<l>H3HKe TaKoe npH6rrH)f(eHHe qacTO Ha3biBaJOT npH611H)f(eHHeM caMocorrracoBaH­

Horo no11.11. Ero K11accH'lecKHMH npHMepaMH .IIB11.11JOTC.II TeopH.II MOileKyllRP11.020 
nollR K10pu-Beucca, COJ)J;aHHa.ll B Ha'larre BeKa H 06"b.IICHHBIIIa.ll MarHHTHOe 

ynop.IIAO'leHHe, a TaK)f(e EKIII - TeopH.II csepxnpoBOiJ.HMOCTH. 3m /];Ba B BbiC· 

IIIeH C'reneHH CO,!J;ep)f(aTe11bHbiX npHMepa OTHOC.IITC.II K <JlH3HKe <Jla30BbiX nepeXO· 

,!J;OB BTOporo pop;a. B <JlHJHKe He11HHeHHbiX B011H, OIJ;HaKO, npHMH)f(eHHe CaMO· 

COrJiaCOBaHHOrO n011.11 06bi'lHO Hecop;ep)f(aTe11bHO, HOO He YJiaB11HBaeT HeTpHBH· 

aJibHYJO )J;HHaMHKY B011H. lleHCTBHTe11bHO, H3 ypaBHeHHH (18.6) BH)J;HO, 'ITO B 

OTCYTCTBHe HaKa'lKH H cnapHBaHH.II B011H (T.e. npH hVk = 0, ak = 0) KHHeTHKa 

'lHcrra B011H TpHBHarrbHa: hk =- 2rknk . KpoMe cnapHBaHH.II, K HeTpHBHarrbHOH 

KHHeTHKe B011H B _npHMH)f(eHHH CaMOCOr11aCOBaHHOf0 n011.11 MO)f(eT npHBO)J.HTb 

npocTpaHCTBeHHa.ll HeO,!J;HOp0)J;HOCTb H11H He3pMHTOBOCTb MaTpH'lHOI'O 311eMeHTa 

B3aHMop;ei':i:crnH.II B011H T12 34 . TeopH.II B03HHKaJOIUHX npH JTOM .IIB11eHHH 

KpaTKO H31IO)f(eHa, HanpHMep, B MOHX "fleKUH.IIX no <JlH3HKe He11HHeHHbiX 

.IIB11eHHI':i:" [159). 0Ha cymecrneHHa )1)1.11 noHHMaHH.II p.11p;a cHzyauHI':i: B <l>H3HKe 

nrra3Mbl, He11HHeHHOH OllTHKe H ,[J;a)f(e B 3K0110fHH. MO)f(HO y6e)J.HTbC.II, 'ITO OHa 

HMeeT MHOro o6IUHx qepT c S-TeopHei':i:. 

18.2. ,UimaMH'IeCKa.ll cpopMa 3anHCH ypasHeHidl: S-TeopHH. llpHczyna.11 K 

aHaJIH3Y OCHOBHbiX ypaBHeHHH S-TOOpHH (18 .6), ll011Y'IHM H3 HHX C11ep;yJOIUHe 

COOTHOIIIeHH.II: 

(
3

3
t +4rk)(nkn - k - I akl

2
)=0, 

( :t + 2rk )(nk- n_k) = 0 

(18.8) 

nOKa3biBaJOIUHe, 'ITO npoH3B011bHbie Ha'laJibHbie YC110BH.II 3a BpeM.II nOp.II)J;Ka 

1/'Yk pe11aKCHpyroT K COCTO.IIHHJO (He 06.113aTe1lbHO CTau;HOHapHOMY) , B KOTO· 

pOM nk = n_Jc, I ak I= nk . Yc110BHe I ak I= nk> 03Ha'!aromee, 'ITO <J>aJbi nap B011H 
• ll011HOCTbJO KOpperrHpOBaHbl, ll03B011.11eT BMeCTO nepeMeHHblX ak> ak H nk 
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ssecTH TOJibKO gBe semecrseHHbie nepeMeHHbie - nk H 1/lk: ak = nk exp(- il/lk). 
B JTHX nepeMeHHbiX ypaBHeHHH (18.6) H onpe.o;erreHHH (18.3) npHo6peraroT BHA 

1 ank - • 2 a;-= nk { - 'Yk + lm[Pk exp(- il/lk)]}, 

(18.9) 

Eme 6orree KOMIIaKTHYIO 3aiiHCb MO)I(HO IIOJI}"'HTb, eCJIH BMeCTO ABYX semecT­

BeHHbiX nepeMeHHbiX: 'IHCJia BOJIH nk H cpa3bl napbl l/Jk HCIIOJib30BaTb O.o;Hy 

KOMIIJieKCHYIO Ck: 

nk = n_k = I ck 1
2

, ak = ci exp(- il/lk), ck = (nk)
1 12

exp(- il/lk/2). (18.10) 

B :nHX nepeMeHHbiX BMecro qeTbipex ypasHeHHH (18.6) AJIH nk , n _k, ak H a; 

HJIH ABYX ypaBHeHHH (18.9) AJIH nk H l/Jk HMeeM O.o;HO KOMIIJieKCHOe ypaBHeHHe 

ack +['Yk+i(wk - wp/2)]ck+iPkc;=o , (18.11) 
ar 

B KOTOpOM 

wk = wk + 2 ~ Tkk· I ck ' 12
, 

k ' 
(18.12) 

YpasHeHHH (18.11) QYKBaJibHO cosrra.o;aror c (18.2), ecrrH rroJIO)I(HTb ak = 
= a_k = ck. 3ro 03Haqaer, qro ypaBHeHHH S -reopHH no cymecrsy HBJIHIOTCH AH­

HaM~ecKHMH, HeCMOTpH Ha TO, qro IIOJI}"'eHbl B pe3yJibTaTe CTaTHCTHqeCKOrO 

ycpe.o;HeHHH H pacmerrrreHHH KopperrHIJ,HH no rrpaBHrry (18.7) . Eorree roro, rrpn 

'Yk = 0 ypasHeHHH S -reopHH HBJIHIOTCH raMHJibTOHOBbiMH. B rrepeMeHHbiX ck, c; 

JTOT cpaKT HBJIHeTCH TpHBHaJibHbiM, TaK KaK ypaBHeHHH (18.11) COBIIa,!l;aiOT 

C (18.2). liTO KacaeTCH ypaBHeHHH (18.9), TO Herpy.o;HO y6e.D;HTbCH, qTQ HX 

MO)I(HO IIOJI}"'HTb sapbHpOBaHHeM raMHJibTOHHaHa 

Xs = ~(wk + ~ Tkk'nk ·)nk+ ~ ~(hVkcos 1/lk+ ~ ~ skk.nk•COS(l/lk + l/Jk,)) 
k k ' k k' 

no rrpasHJiy 

ank o'J(s 
-- +'Y n =- --, 
at k k ol/lk 

(18.14) 

18.3. 0CHOBHoe COCTOJIHHe ncB B S-TeopHH. YCJIOBHe BHeWHeA ycroA'IH­

BOC'Ilf. IlpHCTYIIHM K H3yqeHHIO CTaiJ,HOHapHbiX COCTOHHHH CHCTeMbl nap, B KOTO· 

pb!X B~e aMIIJIHTYAbl nk H cpa3bl l/J k He 3aBHCHT OT BpeMeHH. IlorraraH B ( 18.9) 
nk = 1/1 k = 0, HeMe.o;rreHHO norryqaeM .o;rrH rex roqeK k-npocrpaHcrsa, r.o;e nk 4= 0, 
ycrrosHe 

IPk 1
2 = 'Y~ + (wk - wp/2)

2
. (18.15) 

Ilpe)l(.o;e qeM aHarrH3HposaTb :nor pe3yrrbTaT, c.o;erraeM .o;sa 3aMeqaHHH o6mero 

xapaKrepa. Bo-nepBbiX, HCHO, qro aMIIJIHTYAbi nap He paBHbi Hymo JIHlllb B yJ-

84 



KOM CITOe B61IH3H pe30HaHCHOH IIOBepXHOCTJil 2wk = Wp. 3TO )J.erraeT YA06HblM 
-+ 

JiiCII01lb30BaHHe C1le)J.yl0ll.IHX KOOp)J.HHaT B k-IIpOCTpaHCTBe: K - OTK1IOHeHHH OT 

3TOH IIOBepXHOCTJil B HOpMa11bHOM HarrpaBITeHHJil Jil ,Q - KOOp)J.HHaTY Ha nOBepx­

HOCTH. BO·BTOpbiX, K03Q>qnmHeHTbl ypaBHeHHH ( 18.9), HMelOll.IHe pa3MepHOCTb 

'!aCTOTbi: rk' hVk, ~ Tkk'nk'• 3Ha'IHTe1lbHO MeHbUie co6cTBeHHOH '!aCTOTbi wk. 
k ' -+ 

fi03TOMy B TeOpHH )J.OCTaTO'IHO }"'eCTb 3aBHCHMOCTb OT K T01lbKO K03Q>Q>HUHeH· 

Ta Wk - Wp/2, a BCe OCTaiTbHbie K03Q>Q>HUJileHTbl 3aMeHHTb Jii.X 3Ha'leHHHMJil Ha 

pe30HaHCHOH noBepXHOCTH r 
51 

, h V 51 H T 51 51 cooTBeTCTBeHHO . l1cnorrb3YH yKa-

3aHHbie npH61IIDKeHHH, MO)I(HO H3 ypaBHeHHH {18.15) rrerKO HaHTJil Te t, Ha 

KOTOpblX n (/t, ,Q) MO)I(eT 6biTb He paBHO HY1IJO : 

wK".n = ~wP ± (I P .n 12 
- r-;)112

• (18.16) 

TaKHM o6pa30M, B CTaUHOHapHOM COCTOHHHH pacnpe)J.e1leHHe aMn1IHTy)J. nap 
-+ 

CHHryrrHpHO: n (K, ,Q) MO)I(eT OT1IH'IaTbCH OT HYITH T01lbKO Ha ABYX nOBepX· 

HOCTHX (18.16). 0TMeTHM, 'ITO HMeeTCH 6eC'IHC1leHHOe MHO)I(eCTBO CTaUHOHap­

HblX cocTOHHHH, OTITH'IaJOll.IHXCH KaK Q>yHKUHeli P(.Q), Ja)J.aromeli noBepXHOCTH 

(18.16), TaK H pacnpe)J.erreHHeM n (.Q) Ha HHX. B CaMOM )J.erre, MO)I(HO npOH3· 

BOITbHO 3a)J.aBaTb Haiif'aBrreHHH .Q, B KOTOpbiX n51 paBHO Hyrrro. B )J.ei1cTBHTe1lb· 

HOCTH Jil3 BCeX CTaUHOHapHblX COCTOHHHH MOryT pearrH30BaTbCH T01lbKO TaKHe, 

KOTOpbie ycTOH'IHBbl nO OTHOUieHJillO K Ma1lblM B03Myll.leHHHM. Tpe60BaHHe 

yCTOH'IHBOCTH CH1lbHO Cy)l(aeT K1laCC B03M0)1(HblX CTaUHOHapHblX COCTOHHHH. 

Mo)I(Ho IIOKa3aTb, 'ITO Hccrre)J.OBaHHe ycToH'!HBOCTH cTaUHOHapHbiX cocTOHHHH 

B paMKax )J.HarOHaiTbHOfO raMH1lbTOHHaHa pa36HBaeTCH Ha )J.Be He3aBHCHMbie 

3a)J.a'IH: HCC1le)J.OBaHHe BHyrpeH/teU YCTOU'IUBOC'IU - no OTHOIUeHHJO K B03My· 

ll.leHHJO aMn1IHTYA Jil Q>a.1 y)l(e HMelOll.IHxCH nap H 8Heumeii - ITO OTHOllieHHlO 

K pO)I()J.eHHJO HOBblX nap. 

flpome BCero HCC1le)J.OBaTb BHeUIHlOlO YCTOH'iHBOCTb. 3anHUieM )1.1IH 3TOf0 C 

nOMOll.lblO (18.2) ypaBHeHHe )1.1IH napbl B01IH B03Myll.leHHH: 

bq. b; cr. exp(vq t), 

aHarrorH'!Hoe (I 7.2). MaKCHMarrbHbiH no q HHKpeMeHT v .n (rrpH Q>HKCHpoBaH­

HOM .Q) COOTBeTCTByeT 2Wq = Wp, T.e. 1le)I(JiiT nocepe)J.HHe Me)I()J.y nOBepXHOCTH· 

MH(18.16).0HpaBeH . 

v(.Q) = r(.Q) + I P(.Q) I. 
YcrroBHe BHeumeii ycTOH'IHBOCTH, v (.Q) ~ 0, TaKHM o6pa30M, MO)I(eT 6biTb 

3anHCaHO B BH)J.e 

I P(.Q) I~ r(.Q). (18.17) 

C Apyroli CTOpOHbi, H3 (18.16) crre)J.yeT, 'ITO I P.n I ;;;. 'Y.n )1.1IH Tex HanpaBrre­

HHH .Q, B KOTOpbiX nK.n =t= 0. CrreD,oBaTeiTbHO, )1.1IH 3THX HanpaBrreHHH o6a He­

paBeHCTBa cOBMeCTHMbi ITHUib B crryqaHx IP(.Q)I = r
51

, KOr)J.a ABe noBepx­

HOCTH {18.16) C1IHBalOTCH B O)J.Hy: 

2w(ko) = wP. (18.18) 

TaKHM o6pa30M, ycrroBHe BHelllHeli ycToH'iHBOCTH npH 3a)J.aHHOM yrrroBOM 

pacnpe)J.erreHHH TICB norrHOCTbJO ycTpaHHeT npoH3B01l B Bbr6ope noBepXHOCTH, 

Ha KOTopoii nk =t= 0. Ee Mbi 6yAeM Ha3biBaTb pe3onancnoii noeepxHOCTbiO, a 
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CTaUHOHapHOe COCTOHHRe, o6na)J,aJOJllee BHeiiiHeH yCTOHtiRBOCThlO, OCH08HblM 

COCTO.RHUeM. 

IIonyqeHHbiH pe3ynbTaT RMeeT npocTOH Q>R3R'IeCKRH CMhicn. KaK BRAHO R3 

( 17 .2), B nRHeHHOM pe:>KRMe HaR6onee CRnbHO CBH3aHbl C HaKa'IKOH BOnHbi, }J)IH 

KOTOpblX paCCTPOHKa 'laCTOThl pasHa Hynro. BenR'IRHa wk - Wp /2 npe,ll;CTaB· 

nHeT co6oH: paCCTPOHKY qacTOTbi c yqeTOM HenRHeil:Hbix 'lneHOB. EcnR ,IJ;Be 

nosepXHOCTR (18.1), Ha KOTOpbiX n(k) i= 0, He cnRBal<iTCH B OJJ:Hy, TO napbi CB, 

3Ha'leHRH k KOTOpblX nOna)J,alOT B wapOBOH CnOH Me)I(}J;y JTRMR nosepXHOCTHMR, 

OKa3hiBaJOTCH 6onee CRnbHO CBH3aHHbiMR C HaKa'IKOH, 'leM y:>Ke B036y:>K,IJ;eH· 

Hbie CB. B pe3ynbTaTe CB B JTOM waposoM cnoe 6yJJ:YT HapaCTaTh. 

Hmo CKa3aTh, 'ITO onRcaHHaH 3,IJ;eCb HeO,IJ;H03Ha'IHOCTb peweHRH CTaUHOHap­

HbiX ypaBHeHRH R ycTpaHeHRe JTOrO npOR3BOna (nOnHOe RnR 'laCTR'IHOe) C 

nOMOJllblO ycnOBRH YCTOH'IHBOCTR He HBnHeTCH cneUHQ>,H'IeCKRM }J;nH S ·TeOpRR, 

a HBnHeTCH 06JllRM CBOHCTBOM npR6nR:>KeHRH CaMOCOrnaCOBaHHOrO nonH B TeO· 

pRR HenRHeHHbiX BOnH • .UpyroH: cnoco6 YCTPaHeHRH OTMe'leHHOH HeO,IJ;H03Ha'I­

HOCTR - HeCKOnhKO 6onee CnO:>KHbiH TeXHR'IeCKR, HO }J)IH MHOrRX 6onee eCTeCT· 

BeHHbiH - 3aKnJO'IaeTCH BO BBe,IJ;eHRR B S ·TeOpRIO TennOBOrO lll)'Ma C nOMOillblO 

JaMeHbi B ypasHeHRR (18 .6) }J)IH nk cnaraeMoro - 'Yknk Ha -'Yk(nk - n~). 3Ta 

3aMeHa B OTCYTCTBHe HaKa'IKR (npR h = 0) o6ecne'IRBaeT penaKCaU.RJO nk He 

K Hynro, a K TepMO,IJ;HHaMmecKR pasHosecHoMy 3Ha'leHRJO n~ = T/wk. C JJ:PY· 

roil: cTopOHhi, npR hVk > 'Yk cnaraeMoe 'Yk n~ o6ecne'IRBaeT pa3BRTRe scex 

HeycTOH'IRBOCTeH R, KaK cne,IJ;CTBRe, e,IJ;RHCTBeHHOCTb CTaU.ROHapHbiX pellleHHH 

(18.6) . Eonee no,IJ;po6Ho JTOT sonpoc 6y,IJ;eT Hccne,IJ;osaH B rn. 10. 
11HTepeCHO TaK:>Ke B ,!!~TanHX BbiHCHRTb, KaKRM o6pa30M R3 n~nnOBOrO illY· 

Ma n~ B npou.ecce pa3BRTRH napaMeTpR'IeCKOH HeyCTOHtiRBOCTR B03HRKaeT KO· 

repeHTHOe no I k I cocTOHHRe CB nk (/) o ( k - k 0 ) • 3TOT sonpoc Mhi paccMOTpRM 

B rn. 6. AHanHTH'IeCKR R c noMOJllblO 3BM Mbi noKa:>KeM, B qacTHOCTR, 'ITO qepe3 

HeKOTopoe speMH nocne BKnJO'IeHRH HaKa'IKH pacttpe,IJ;eneHHe BOnH no I k I RMe· 

eT rayccos BRJJ:, npR'IeM lllRpRHa pacnpe,IJ;eneHRH acRMnTOTH'IeCKR CTPeMRTCH 

K Hynro KaK t - l/2 . 

18.4. Pacnpe,IJ;eneHHe nap Ha pe30HaHCHoA nosepXHocm. Bse,IJ;eM <l>YHKUHJO 

pacnpe,IJ;eneHRH nn - "qRcno" nap Ha e,IJ;HHRU.Y TenecHoro yrna, onpe,IJ;enRB 

ee TaK: 

(18 .19) 

CTaUHOHapHoe ypasHeHRe }J)IH nu R l/ln, cne,IJ;yromee R3 (18.9) H (18.18), 
nepenHWeM B BR,IJ;e 

Pn = hV n + f Snn·nn · exp(- il/ln·)dn '. 

(18.20) 

3TH ypasHeHHH eme He onpe,IJ;enHJOT OJJ:H03Ha'IHo pacnpe,IJ;eneHRe nu R l/1 n , 

H60 npOH3BOnbHbiM o6pa30M MO:>KHO 3a)J,aBaTb 06naCTR Ha nosepXHOCTR, B 

KOTOpblX nu = 0. Tpe60BaHHe BHelllHeH yCTOHtiRBOCTH no OTHOllleHRIO K pO:>K· 

,IJ;eHHIO HOBbiX nap Ha p e30HaHCHOH nosepXHOCTH, KaK 6y,IJ;eT nOKa3aHO B cne­

JJ:YIOJlleM naparpaQ>e, 3Ha'IRTenhHO coKpamaeT Knacc B03MO:>KHhiX peweHRH, 

a B pH,IJ;e cnyqaeB OCTaeTCH TOnbKO O}J;HO ycTOH'IHBOe pacnpe,IJ;eneHHe. 
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YcnosHJO BHelllHeH ycTOH'IHBOCTH 11oneJHO 11pHAaTb cnep;ywmyw reoMeTpH­

qecKyJO HHTep11peTaUHJO. Bbtpll)l(emm "f = 'Yn HP=Pn. .!IBJI.!IJOTC.!I ypasHeHH.!IMH 

AJI.!I 110BepXHocTeH B k-11pOCTpaHCTBe. YcnosHe (18.17) OJHatiaeT, 'ITO 110Bepx­

HOCTb P n JaKJIJO'IeHa uenHKOM BHYTPH 11osepXHOCTH 'Y n H KacaeTc.!l ee s Tex 

TO'!Kax .Q, rp;e 'COCpep;OTO'IeHO pellleHHe. B CHJiy COOTHOllleHHH Vk = V - k H 

S kk' =.S k-k' o6e 3TH 110BepXHOCTH HMeJOT UeHTp CHMMeTpHH. KacaHHe 110Bepx­

HOCTeH "fn. H Pn, MO)I(eT 11pOHCXO)J;HTb JIH60 110 )J;HCKpeTHOMY Hafiopy TO'IeK, 

nH6o 110 KOHTHHYYMY - JIHHHH HJIH p;ll)l(e tiaCTH nosepXHOCTH. B 11epsoM cnyqae 

B OCHOBHOM COCTO.!IHHH BOJfiy)l(p;eHO KOHe'IHOe 'IHCJIO MOHOXpOMaTH'IeCKHX 

11ap CB, so BTopoM - He11pepbiBHOe pac11pep;eneHHe nn. . BoJMo>i<eH H 11pOMe)l(y­

TO'IHbiH pe)I(HM, KOrp;a 110BepXHOCTH K3C310TC.!I B H30JIHpOBaHHOH 11ape TO'IeK 

H, KpOMe TOrO, 110 HeKOTOpOH JIHHHH. B 3TOM cnyqae B CHCTeMe Op;HOBpeMeHHO 

11pHCYTCTBYIOT MOHOXpOM3TH'IeCK3.!1 11apa H He11pepb!BHbiH QJOH. 3aMeTHM, 'ITO 

11pHMeHHMOCTb S -TeOpHH 11pH HaJIH'IHH HefiOJiblliOfO 'IHCJia ,[IHCKpeTHbiX 11ap Tpe­

fiyeT C11eUHaJibHOrO 060CHOB3HH.!I, BKJIIO'IaJOI.llero HCCJie,[IOB3HHe HX YCTOH'IH­

BOCTH B paMK3X TO'IHOfO raMHJibTOHHaHa. 

§ 19. fipocreAllBie peweHHJI OCHOBHhiX ypasHeHHA S ·TeOpHH 

19.1. CocroJIHHe c OAHOA rpynnoA: nap. CaMoe 11pocToe ocHOBHOe cocTO.!IHHe 

B S -TeOpHH OTHOCHTC.!I K cQ>epH'IeCKH·CHMMeTpH'IHOMY CJiytiaJO, peaJIH3YJOI.lleMy­

C.!I, H311pHMep, B A<l>M (B 11peHe6pe)l(eHHH HCKJIIO'IHTeJibHO MaJibiM MarHHTHbiM 

AH110JibHbiM B3aHMop;eHCTBHeM). TipH Vn = V, "'n. = 'Y H S n n • = S ypasHeHH.!I 

(18 .20) HMeJOT H30TpOIIHOe peweHHe nn. = N/4rr, 11pH KOTopoM 

N= [(hVi -'Y2 J1
'

2
/S, hVsin \}l=r. (19.1) 

TaKoe )l(e peweHHe HMeJOT 3TH ypasHeHH.!I, ecnH S n n • 33BHCHT TOJibKO OT yrna 

Me)l(p;y k H k' . Torp;a B Q>opMyne ( 19.1) 

4rrS = f Sn.n.•d.Q'. (19.2) 

EonblliOH HHTepec 11pep;cTasm1eT TaK)I(e aKCHaJibHO-cHMMeTpH'IHbiH cnyt~aH, 

KOTOpbiH peaJIH3yeTC.!I B H30Tp01IHOM H KyfiH'IeCKOM <l>M, HaMarHH'IeHHOM 

B)J;OJib OCH [111] HJIH [100) . TipH 3TOM K03QJQJHUHeHT CB.!I3H C H3K3'1KOH 

011pep;en.HeTC.!I QJOpMyJIOH ( 14.21), a K03QJQJHUHeHTbl, 011HCbiB3101..L1He B33HMO­

p;eHCTBHe, HMeJOT BHA 

Snn· =S(0,0' , '{) - '{)
1
), Tnn' = T(O , 8', '{) - '{)

1
) . ( 19.3) 

lb ypasHeHHH p;n.11 nk HCHO, 'ITO senHtiHHa P ;ak T3K)I(e He 3aBHCHT OT '{). Yt~HTbi­
Ba.!l Bbipll)l(eHH.!I (14.21) AJI.!I Vk, 110JiytiHM 

1/1 n = 1/le, op = 1/le + 2'P· 
3TH COOTHOllleHH.!I 1103BOJI.!IIOT HCKJIIO'IHTb 33BHCHMOCTb OT yrna B ypaBHeHHH 

(18.20) H 3311HC3Tb ero B BHAe 

2rrnx = nn,, x =cos 0, 

Px = Pn. exp(- 2i'{J) = hVx + f Sxx' nx· exp ( - i\}lx·)dx' , 
21T 

2rrSxx' = f S(x, x', '{) - '{J
1
)exp[2i('{J - '{)

1
)]d('{) - '{)1

). 

0 
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IlOKa:>KeM, 'ITO JTO ypaBHeHHe MO:>KHO )J;OnOJIHHTeJibHO ynpOCTHTb C nOMO!UbiO 

crre.o;yiO!UeH no.o;CTaHOBKH, nocrre KOIOpOH KOJ<fJ<fJHUHeHT CB.HJH C HaKa'IKOH 

He 6y.o;eT JaBHCeTb OJ X = COS {): 

Nx = nx I f x I, f x = Vxl I VI I, vi = V('TT/2), 

f x = r) l fx I, (19.4) 

Sx , x' = Sx, x·/fxfx '· 

.Iln.H BeJIH'IHI!_ N x• '11x ypasHeHH.H JJ:BH:>KeHH~ coxpaH.HIOT BHJJ: ( 19.4) c JaMeHOH 

"/ ~ f, p ~ P, npH'IeM B Bblpa:>KeHHH )J;JI.H p KOJ<fJ<fJHUHeHT CB.HJH C HaKa'IKOH 

OKa3biBaeTC.H nOCTO.HHHbiM : 

[Px exp(i'ltx ) - ifx] Nx = 0, 
(19.5) 

fx = hVt + f Sx x' N x· exp(- i'ltx ·)dx' . 

.Iln.H pemeHH.H sonpoca o pacnpe.o;erreHHH N x npH MaJIOM npeBbiWeHHH Ha.o; 

noporOM napaMeTpH'IeCKOfO B036Y:>KJJ:eHH.H , I.e. npH MaiTOH Ha)J;KpHIH'IHOCTH, 

BOCnOJibJyeMCH npHBe,!l;eHHblM BbiWe reOMeipH'IeCKHM TOJIKOBaHHeM ycJIOBHfl 

BHeWHeH yCTOHtlHBOCTH (18.17). IlpH BeCbMa MarrOH Ha,!l;KpHIH'IHOCTH, KOr.o;a 

aMnrrHTYJJ:bi MaJibi, JIHHHH I Px I Marro OTJIH'IaeTC.H OT np~MOH h V = const . Marra 

TaK:>Ke H KpHBH3Ha JIHHHH I P: ... I. 0TCIO,!l;a HCHO, 'ITO JIHHHH I Px I H r X conpHKa­

caiOTCfl .o;pyr C .o;pyrOM TOJlbKO B TO'IKe X= 0. 3TO 03Ha'laeT, 'ITO npH MarrOH Ha,!l;­

KpHTH'IHOCTH pacnpe.o;erreHHe N x OTJIH'IHO OT Hyrrn TOJibKO npH x = 0, npH'IeM 

)J;JIH HHTerparrbHOH aMnJIHTYJJ:bl N 1 H cpa3bl 'It 1 113 (19 .5) rrerKO norry'IHTb: 

Nx =Nto(x), Nt = [(hVi -fi]112 jS11 , 

sin 'Itt =ftfhVt , 

ft = 'Yt = -y(x), 

S II = Sxx = Sxx npH 

(19.6) 

x=x 1 =0. 

Ba:>KHbiM csoiicTBOM norryqeHHbiX peweHHH HBJIHeTcH TO, 'ITO JHa'leHHe <fJaJ&I 

nap 'it = '/) k + '/) _ k - '/) p ( '/) p - <fJa3a HaKa'IKH, KOIOpaH 06bi'IHO Bbi6HpaeTCH 

paBHOH HYJIIO) OTJIH'IaeTCH OT 3Ha'leHHH 'it= 'TT/2, npH KOIOpOM nOTOK 3HeprHH 

sl n IJI 
1,0 

0,8 

0,8 

0, 4 
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0,2 O,tt O,fi 0,8 

pH C. 19.1. 3aBHCHMOCTb CTai.(HOHapHOl! 
<tJa3bi 'It oT senH'lHHhi cBq nonll hthflz. 
Pe3yn&TaTbi 3KcnepHMeHTa, nposeneH­
Horo npo3oposolt H CMHpHOBb!M 
{1974) Ha MOHOKpHCTannax npH r enHe­
BhiX TeMnepaTypax - • H MenKOBb!M 
H Kpyl.(eHKO {1977) Ha )1{11f llpH KOM­
HaTHOl! TeMnepaType - o. CnnornHall 
npliMall - npencKa3aHHe S-TeopHH 



or BHeumeii HaKaqKH (17 .5) MaKCHManeH. Y cnosHe h V sin '11 = r onHCbiBaer 
6anaHc JHeprHH, xapaKrepHbiH AJlH cj:laJosoro MeXaHHJMa orpaHJiqeHIDI. 3ror 
npHHU:HnHanbHO BIDKHblH BbJBOn S -TeOpHH 6btn nonrsep)!(neH B npHMbiX JKCne­
pHMeHTaX no HJMepeHHIO cj:>aJbi nap '11 npH napaMerpJiqeCKOM BOJ6y)!(neHHH CB 
B A<I>M Jlll MnC03 H s <I>M s )!(11fe Jl.A. Ilpo3oposoii H A.M. CMHpHOBbiM 
((200]) H JareM f.A.MenKOBbiM H M.B.KpyueHKO ( 177] B<l>M )!(11f (pHc.19.1). 
BHAHo, qro s npenenax oum6KH JKcnepHMeHra roqKH no)!(arcH Ha 6HcceKrpHcy 
KoopnHHarHoro yrna, KaK Jro cnenyer H3 cj:lopMyn (19.1) AfiH A<I>M H (19.5) 
Anfl <I>M. 3ro csHnerenbcrsyer o roM, qro S-reopHH npaBHnbHO onHChiBaer cy­
mecrseHHbie qeprbi Janoporosoro noseneHIDI IICB. OrKnoHeHHe naHHhiX nnH 
)!(11fa npH HanKpHTJiqHOCTH 6onee 10 nE (h > 3hth) or npocroii cj:>opMymr 
(19.6) CBH3aHO C B036~neHHeM BTOpOH rpynnhl nap C 8 = rr/2. 3ro fiBneHHe 

·onHilleM B cnenywmeM nyHKre. 
19.2. Ilopor po)!(neHHJI sropoA rpynnhi BOnH. 3aiiMeMCH HccnenosaHHeM 

pacnpeneneHIDI IICB nn no pe30HaHCHOH nosepxHocrH npH ysenJiqeHHH aMnnH­
TYAbi BHelllHero nonH h. OrMerHM BHaqane, qro HcnomJOBaHHbie B § 18.4 
reoMerpJiqeCKHe paccy)!(neHIDI nerKo o6o6mawrcH Ha cnyqaii npoHJBOnhHOH 
3aBHCHMOCTH V( n). MO)!(HO noKa3aTb (96] o6ruyw reopeMy 0 TOM, qro npH 
nocraro~o Manoii HanKpHrH~ocrH nn ornJiqHO or HynH ronbKO B rex roqKax 

pe30HaHCHOH nosepXHocrH, rne I V(.Q )I MaKCijManbHO . .IlnH ccj:>epHqecKoii 
CHMMerpHH JTO roqKH BCeH nosepXHOCTH, npH aKCHanbHOH CHMMeTpHH -
roqKH O}J;HOH (8 = rr/2) HnH nsyx nHHHH. B cnyqae 6onee HH3KOH CHMMerpHH 
JTO OAHa HnH HeCKOnbKO JKBHBaneHTHbiX nap roqeK. MHrepecHO, qro HHrerpanb­
Hafl aMnmnyna Mano qyscrsHrenbHa K creneHH CHMMerpHH JanaqH. 0Ha onpe­
nenHercH ij>opMynoH ( 19.6) ' B KOropoii vI = max I v ( n ) I' a s I I eCTb cpe}J;Hee 
3HaqeHHe S(.Q, n') Ha MHO)!(eCTBe roqeK, rne nn * 0. . 

Bo3spalllaJICb K cnyqaw aKcHanbHOH CHMMerpHH, noKa)!(eM, qro <PYHKU:IDI 
pacnpeneneHIDI nap ( 19.6) , cocpenoroqeHHaJI Ha JKBarope, coxpaHHer ycroiiqH­
socrb no orHOilleHHIO K po)!(neHHIO nap Ha npyrHX lllHporax snnorb no nocra-

roqHo 6onblllOH HanKpHTJiqHOCTH. PaccMorpHM nnH noro cj:lyHKU:HIO I Px 1. 
113 (19.4)-(19.6) nonyqHM 

IPx 1
2 =N[(SII- Sxti +f'i. (19.7) 

RcHo, qro cocroHHHe (19.6) 6yner ycroiiqHBhiM no rex nop, noKa IPx I< fx 
Anfl scex x, KpoMe x = x 1 = 0. Bropou nopo2 p 2 = h 2 /hth coorsercrsyer 
MHHHManbHOMy 3HaqeHHIO p, npH KoropoM npoHcxonHr KacaHHe nHHHH I Px I H 
r X npH HeKOTOpOM X = x2 *X I. 3HaqeHHe P2 orrpenenf!eTCfl H3 ycnOBIDI P2 = 
=min p(x), rne 

p(x) = l + St1 [r~ - ri] /fi(Stx- S1 d. (19.8) 
c: s ; ~~~ o 

IlpH npo,-u:;HillHX npennono)!(eHIDIX 'Yx = 'Y H Sx 1 = S 11 nonyqaeM, qro p2 = 2 
npH x 2 = 1. B neiicrsHremHocrH )!(e nnH Ky6JiqeCKHX <I>M peamHaH <PYHKU.IDI 
S xl CHnbHO OTnJiqaeTCfl OT KOHCTaHTbl, qro npHBOnHr KaK npaBHnO, K 3HaqH­
renbHOMy ysenJiqeHHIO sroporo nopora. 

l13yqHM BHn cj:>YHKUHH S xx' B Ky6JiqeCKHX <l>M. 113 onpeneneHHfl cj:>YHKUHH 
sk,k' (18.1) H cj:>opMyn (19.4) H (19.5) cnenyer, qro Sxx' non)!(Ha 6bJTb qer­
HOH <PYHKU:Heii Ka)!(noro apryMeHra: 

Sxx' = S(x, x') = S(x, - x) = S(- x, x') = S(- x, - x'), 
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a ee peallbHlUI 'l.aCTb Re S xx ' CHMMeTpWIHa OTHOCHTellbHO nepeCTaHOBKH X, X 
1

• 

KoHKpeTmre Bbi'I.HcrreHHH noKa3hiBaiOT, 'ITO Im Sxx' = 0. IIonoMy 

Re S xx ' = S xx' = Sx· x . 

J1J aKCHaJlbHOH CHMMeTpHH 3a,IJ.a'I.H (BOKpyr HanpaBlleHIDI HaMarH}{qeHHOCTH) 
Clle,IJ.yeT, 'ITO S (8, 8', </) - </) 

1
) He 3aBHCHT OT (<P - '{) 1

) , eCllH 8 = 0 HllH 8' = 0. 
IIonoMy HHTerpan B (19 .4) .u.orr)l(eH o6pamaTbcn: B HYllb, ecrrH x -+ 1, rrH6o , - , 
X -+ 1 H COOTBeTCTBeHHO S xx ' OCTaeTCH: KOHe'I.HOH npH X, X -+ 1, HeCMOTPH: Ha 

CHHryrrn:pHbiH MHO)I(HTel1b f(x) = 1 - x 2 B (19.5). l1TaK S1x = Sx 1 - KO· 
He~o. - , 

IlpH BbliiCHemm noBe,IJ.eHHH: S xx' npH MaJlbiX X, X 6y,IJ.eM OnHpaTbCII Ha H:B-
HbiH BH,IJ. <f>opMyrr (6 .26)' (6.29) .u.rrn: sk ,k ' . B 3THX <f>opMyrrax eCTb crraraeMbie, 

nponopUHOHaJlbHbie COS2 8k+k ' H COS2 8k - k '. Ilocrre HHTerpHpOBaHHH: no </) B 

COOTBeTCTBHH c (19 .4) Ka:>K.noe H3 HHX .u.aeT HeaHaJlHT}{qeCKHH BKrra.u. B Sx, 
nponopUHOHaJlhHhiH CTeneHn:M I x ± x' 1. C yqeTOM noto o6cTon:TerrbCTBa H o6-

cy)I(,IJ.eHHhiX Bblllle CBOHCTB CHMMeTpHH ( 19.9) pa3l10)1(eHHe S xx' npH MaJlbiX 
X H X 

1 
C TO'I.HOCTbiO ,IJ.O 'l.lleHOB (/) X 

2 npHMeT BH,IJ. 

Sx x' = S[l + ~ a( I x + x' I+ I x - x' I)+ b(x 2 + x'2 )]. (19.9) 

Bbi'I.HcrreHHII no <f>opMyrraM (6 .26) , (6.29) c noMOll.lbiO 3BM .u.rrn: )1{11f npH 
KOMHaTHOH TeMnepaType nOKa3biBaiOT, 'ITO B HHTepBarre MarHHTHbiX llOlleH 
He - H OT 100 3 .no 500 3 KOJ<f><f>HUHeHT a H3MeHn:eTCH B npe.nerrax 
OT 2,6 .no 2, 1, a KOJW<f>HUHeHT b OT - 1 ,8 .no 1,3, o6pamaRCb B HYllb 
npHHc=H+ 1803. 

B03Bpa1UaRCb K aHal1H3Y Bblpa)l(eHIDI (19.8) ,IJ.l111 p(x), OTMeTHM, 'ITO B npe,IJ.­
nOJlO)I(eHHH aHaJlHT}{qHOCTH <f>YHKL\HH Sxx' (T.e., npH a= 0 B (19.11)) H npH 
'Yx = COI1St MHHHMYM p(x) peaJ1H3yeTCH npH X= X 2 

x~= ~ (3 - yS)~0 .38 , p 2 =l + llb - 2
• 

3To JHa'l.eHHe p 2 cymecTBeHHO 6orrbllle Ben}{qHHbi p 2 = 2, norryqeHHOH B npocTeii­
llleM npe.nnorro)l(eHHH S xx' = const. 0,IJ.HaKO npe.nnorro)l(eHHe aHaJlHT}{qHOCTH 
S xx' , npHBO,IJ.n:lUee K a = 0 TaK)I(e ,IJ.aJleKO OT ,IJ.eHCTBHTellbHOCTH. IlpH a * 0, 
b * 0 H yqeTe 3aBHCHMOCTH 'Y(X) aHal1H3 Bblpa:>KeHHH (19.8) ,IJ.l1H BTOpOrO 
nopora CylUeCTBeHHO 3aTpy,IJ.HHeTC11 . Il03TOMy 3,IJ.eCb Mbl orpaH}{qHMCH crryqaeM 
MallbiX b, KOr,IJ.a X 2 MallO H MO)I(HO pa3J10)1(HTb Bbipa)l(eHHe (19 .8) ,IJ.l1H p(x) 
Bp11,1J. : 

p(x)=p(O)+Ixlp'+ ~ x 2 p, (19 .10) 

p(O) = 1 + r"ja 2 r , p' = - br"ja3 r , 

(19.11) 

3.u.ecb r, H r< 4) - BTOpaH H tJ.eTBepTaH npOH3BO,IJ.Hbie r X npH X =X I = 0. BH,IJ.HO, 

'ITO HeaHallHT}{qHOCTb S~x' (a * 0) IIpHBO,IJ.HT K TOMy, 'ITO p(O) - KOHe'I.HO. 
Crryqaii, Kor.u.a npH x = 0 peanHJyeTC.f.l MHHHMYM <I>YHKL\HH p(x) Mbi paccMOT­
pHM B crre.u.yromeM paJ.nerre, a J,IJ.ecb 6y.neM C'I.HTaTb, 'ITO p' ~ 0. 3TOT crryqaii 
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peaJIHJyeTCH B )!{life npH H> He+ 180 3.113 (19.10) BH.WIO, 'ITO npH MaJihiX b 

I x2l = - p'/p", P2 = p(O)- 2p' 2 /p". (19.12) 

KOHKpeTHbiH 'IHCJieHHbiH llHaJIH3 ):Vl.fl )I{J1fa npH KOMHaTHOH TeMnepaType ]J;aeT 

3Ha'leHH.fl x2 H p2 , npHBe]J;eHHbie B Ta6nHu;e 

<He - H), 'J 
x, 
p, 

200 
0,05 
4,6 

300 
.0,1 
5,0 

400 
0,25 
5,3 

500 
0,5 
5,6 

Heo6XO]J;HMO OTMeTHTb, 'ITO ropa3]];0 6onee Ba)I(HbiM, '!eM Bbi'I.HCneHHe KOH· 

KpernhiX 'IHCnOBbiX 3Ha'leHHH p2 H x 2 , HBnHeTCH ]J;OKa3aTenbCTBO caMoro <PaKTa 

nocne]J;oBaTemHoro, no:naUHoro B036~]J;emiH CHHrynHpHbiX B k-npocTpaHCTBe 

naKeTOB BOnH. 3TOT Ka'leCTBeHHblH BbiBO]J; S ·TeOpHH 6bin nO]J;TBep)I(]J;eH B llp.fl· 

MOM 3KCTiepHMeHTe no Ha6mo]J;eHHIO BTOpOrO nopora B )I{J1fe (B.B. 3ayTKHH 

HAp., 1971 r . [84]) . OH JaKniO'IaJICH B cneAyromeM. 06pa3eu; )1{11f noMeman­

CH B pe30HaTOp C ABYMH BblpO)I(]J;eHHbi~H OpTOrOHaJibHbiMH MOp;aMH, MarHHTHOe 

none KOTOpblX h H h- 6bWO COOTBeTCTBeHHO napaiinenhHO H nepneH]J;HKynHpHO 

HaMarHH'IeHHOCTH M . TiapaiinemHhiH KaHaJI HcnomJOBaJICH ):VIH napaMeTpH'Ie· 

cKoro B036~]J;eHH.fl CB, opTOrOHaJihHbiH eMy KaHan - ):VIH perHCTpaUHH HJny­

'leHH.fl o6pa3u;a Ha 'lacTOTe HaKa'IKH. Ha6nro]J;aJIOCb (pHc . 19.2) pe3Koe ysenH­

'IeHHe MOIUHOCTH H3nyqeHH.fl B nepneH]J;HKynHpHblH KllHaJI npH Ha]];KpHTH'IHOCTH 

8-12 ]J;D B 3aBHCHMOCTH OT BenH'IHHbl TIOCTOHHHOrO MarHH!.HOrO nonH, OpHeH· 

TaUHH H <IJopMbi o6pa3u;a. Mo]J;a pe30HaTopa c nonHpH3au;Heii h 1 M B036y)l(]l;aeT· 

CH on HaMarHH'IeHHOCTH, KOTOpaH B CBOIO O'lepe]J;b "pacKpYlJHBaeTC.fl" TICB. 

3TOT npou;ecc OllHCbiBaeTCH raMHnbTOHHllHOM 

JC= ~ ~ [U;b~bkb-k + K.c.], 
k 

(19.13) 

B KOTOpOM U k = U sin 28 exp i.p. 0TCIO]J;a ):Vl.fl H3nyqeHHH B nonepe'IHblH KllHaJI 

MO)I(HO nonyqHTh Bbipa)l(eHHe 

P1 "'I~ Ukbkb-k 12
, 

k 
(19.14) 

KOTopoe o6pamaeTcH B Hynh ]J;nH 8 = 0 H 8 = Tr/2. 3aBHCHMOCTb P1(h), npHBe· 

]J;eHHa.fl · Ha pHC • .19 .2, TaKHM o6pa30M y6e-

]J;HTenbHO CBH]J;eTenbCTByeT 0 TOM, 'ITO B HH· 

TepBaJie 0- 9 ]J;D B036y)I(]J;eHbi TOnbKO napbl 

c 8 = Tr/2. llinyqeHHe P1 , B03HHKaromee 

npH 6onhiiiOH Ha]J;KpHTH'IHOCTH, ecTeCTBeHHO 

.CB.fl3aTh C B036y)I(]J;eHHeM BTOpoH rpynnhi 

nap c 8 = Tr/2. B 6onee noJ]J;HeM JKcnepHMeH­

Te 11.B. Kpyu;eHKO H r.A. MenKOBa [177] 
YAaJIOCb He TOnhKO 3aperHcTpHpoBaTb "BTO· 

poH nopor" (B HX ycnOBH.fiX OH OKa3aJICH 

paBHbiM 1.:1 AD), HO H onpe]J;enHTh yron pac-

pH C. 19.2. 3aBHCHMOCTL MOIIlHOCTH H3Jiy'leHHH B 

nepneH)J;HKYJIHpHbil\ KaHaJI OT MOIIlHOCTH HaKa'!KH 

AJIH c cpepbi )I( Jt!f : H = 1600 3 H HanpaBrreHo naparr­

rreJibHo OCH (100] 

15 

10 

5 

0 

5 0 5 



npocrpaHeHH.II Bropoil rpynnbi nap 82 ~ 45°, 3HaqeHHe Koroporo xoporno coB­
na,o;aer c reoperHqeCKHM npe,rr;cKa3aHHeM. 

19 .3. ripoMe:lKyro'IHblA nopor. B noM pa3,rr;ene (171] Mbi noKa:lKeM, qro npH 
yBenH'JeHHH Ha,IJ;KpHTH'IHOCTH BMeCTO pO:lK,I:r;eHH.II BTOpoH rpynllbi nap MO:lKeT 
npOH30HTH coBceM ,rr;pyra.11 nepecrpoiiKa <PYHKUHH pacnpe,rr;eneHH.II IICB Ha pe-
30HaHCHOH noBepXHOCTH. l1MeHHO, npH HeKoropoM p = Pc (na BenHqHHa Ha,rr;­
KpHTHqHOCTH Ha3BaHa npOMe:JK)'TOIIHbiM nOpOZOM) B03HHKaeT peryn.llpHa.ll 
qacrb B N x B6nH3H JKBaropa: N x * 0 B HHrepBane I xI ~ o, npHqeM IIIHpHHa 
noro pacnpe,rr;eneHH.II o paBHa Hymo npH p = p c H ,rr;anee yBenHqHBaerc.ll c 
pOCTOM Ha,IJ;KpHTH'IHOCTH. 

JI.n.11 BbiqHcneHH.II p c paCCMOTpHM 3aBHCHMOCTb ( 19. 7) ,I:r;n.ll CaMQCOrnaCO· 

IP(x)l 2 =r 2 {1 +x 2 [a 2 +2ablxl+b2 x 2 ](p-I)} 

H cpaBHHM ee C 3aBHCHMOCTbiO f 2 (x): 

(3r" 2 + rr<4 >)x4 

f 2 (x) = r 2 + rr"x 2 + 
12 

(I 9.15) 

(19.16) 

BH,rr;HM, qro npH p = p(O), onpe,rr;eneHHOM Q>opMynoil (19.11), KOJQ>Q>HUHeHTbi 
npH X

2 y 3THX 3aBHCHMOCTeH CpaBHHBaiOTC.II: B TOqKe X= 0 npOHCXO,I:r;HT KaCaHHe 

Broporo nop.II,I:r;Ka nHHHH I P(x)l 2 H f 2 (x) - COBna,rr;aiOT 3HaqeHH.II 3THX <PYHK· 
UHH, HX nepBbiX H BropbiX npoHJBO,I:r;HbiX. EcnH :lKe p > p(O), B03HHKaer o6-

nacTb Heycroii'IHBOCTH I x I ~ o 1, B KOTopoil 
- c 

IP(x)l > f(x). 

fpaHHua o6nacTH HeycToifqHBOCTH o1 (p) onpe,rr;en.11erc.~~: H3 cpaBHeHHH 
(19.15) H (19.16) 

2b(p- I) 1 o1 1 [ b 2 (p - 1) 2r"
2 

+ rr<4 > ] 
p - p(O)= 

2 
+ 

2 
-

2 
oi.(19.17) 

ar a 12r 

IlOCKOnbKY 0 1 HMeeT ManOCTb p - p(O), TO B npaBOH qacTH (19 .17) MO:lKHO 
JaMeHHTb p Ha p(O). Tor,rr;a (19.17) MO:lKHO npe,rr;cTaBHTb B BH,rr;e, noxo:lKeM 
Ha (19.10): 

p - p(O)=p'o1 + !hp"oi. (19.18) 

0Tcro,rr;a BH,I:r;HO, qTo npH p' > 0 o6naCTb HeycTOHqHBOCTH o 1 orpaHHqeHa, npHqeM 

o1"' [p- p(O)]. 

EcnH p' = 0, TO MH orpaHHqeHHOCTH o 1 Heo6xo,I:r;HMO p" > 0 H Tor,rr;a 

o1 "'[p- p(O)] 1/2 . 

B pa6oTe B.C. IlbBOBa, E.B. IIo,rr;HBHnOBa [ 171] noKaJaHo, qTo pa3BHTHe no if 
HeycroifqHBOCTH npHBO,I:r;HT K nOHBneHHIO perynHpHOH qacTH B <PYHKUHH pacnpe­
,rr;eneHH.II IICB c rnHpHHOH no x, paBHOH o (p), npHqeM npH Man oil Ha;:I.KpHTHq­
HOCTH Ha,I:r; npOMe)!(yTOqHbiM noporOM Pc = p(O) 3aBHCHMOCTb o(p) MO)!(HO 
onpe,rr;enHTb H3 ypaBHeHHH, noxo)!(ero Ha (19.5): 

p - p(0)=6[p'lo l+ !hp"o 2
] . (19.19) 
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Mo:>KHO raK:>Ke noKaJaTb, qro cymecrBeHHaH nepecrpoiiKa <!JyHKUHH pacnpe­
AeneHHH IICB Bhrllle rrpoMe:>KyrotiHoro nopora (ro ecrb npH p > p(O)) otieH~ 
Man·o anHHer Ha HHrerpanbHbie xapaKrepHCTHKH cHcreMhi IICB, raKHe KaK X , 
x",N H T.A. 

19.4. Oco6eHHOC1lt noaeneHHJI nB B CII}"'lle KOMIVleKCHbiX Ko~<t>tmneH­
TOB S u V. IlepexOAH K HJ}"--eHHIO JToro cnyqaJI, HanoMHHM, tiro 6eJ YMeHhllle­
HHH o6mHocrH MO:>KHO C'IHraTb, tiro V(il) = const H aemecraeHHO. qro6br 
y6e,IJ;HTbCH B 3TOM, AOCTaTO'IHO npoBeCTH JaMeHy THna (19.4). MHHMaH 'laCTb 

S(f2, il') npHBO,IJ;HT K HJI\-,eHeHHIO Bbipa:>KeHHH (19.7): 
- 2 -, 2 ( N -5 , 2 IPxl =N1(S11 - Slx) + r1 - 1 lx). 

Mecronono:>KeHHe nepBOh naphr orrpeAenHercH HJ ycnoBHH 

a ax (IPxl-rx)=O, 

Koropoe naer 

N 1 as~'x arx 
ax ax , 

(19.20) 

(19.21) 

TaK 'ITO B OTnH'!He OT npe}J:bi,IJ;yi.Uero a r x /OX = 0 TOITbKO B nOpOr OBOH TO'IKe. 
B nanbHeiillleM BOJHHKaer "yxoA" naphr .:lx, nponopuHoHanbHbiH N 1 ( .:lx = 
= x - x 1 npH p = 0). 3ror yxoA HJ ro'IKH x 1 BbiJbiBaer nononHHrenbHOe ocna6-

neHHe BJaHMOAeHCTBHH CB c HaKa'IKOH H cnY:>KHT eme O,IJ;HOH, KpOMe <PaJoaoro 

paccornacoaaHHH, npHtiHHOH orpaHHtieHHH aMnnHTYAbi napbr. PelllaH: coaMecrHo 
(18.20) C (19.21), nOIT}"--HM IIpH ManbiXN1: 

N2 = [h2 v2 - r2] s2 + x 1 [ 
cas"ta )2h

2 V 2 
] -

1 

1 1 11 (arx faxi 
(19.22) 

CpaBHHBaJI nor peJynbrar c (19 .1), BH,IJ;HM, 'ITO "yxoA" npM:BOAHT K noHane­
HHIO nononHHrenbHoro cnaraeMoro a JHaMeHarene, aoo6me roaopH, roro :>Ke 
nopH,D;KaBenH'IHHhl. 

Hy:>KHO cKaJaTb, 'ITO npH BOJ6y:>K,IJ;eHHH CB MeTOAOM napannenbHOH HaKa'I­
KH nepaaH rpynna nap BOJHHKaer B CHMMerpH'IHOM Mecre peJOHaHCHOH noaepx­

HOCTH - Ha ee 3KBarope. C pOCTOM HaAKpHTH'IHOCTH napbl He yXOAHT C 3KBaro­
pa, TaK KaK "He 3Ha.IOT", KyAa HM yxOAHTb: Ha CeBep HITH Ha IOr. <l>opMaiTbHO 

3TO npOHBITHeTCH B TOM, 'ITO B (19.21) 

d 
-(lmSe 11'/2) = 0 d8 , 

npH 8 = rr/2 . 11Hoe neno npH BOJ6y:>KAeHHH CB MeTOAOM nonepe•IHOH HaKati­
KH, KOrAa nepaaH rpynna nap BOJ6y:>KAaercH npH 8 = 8 1 H rr - 8 1, 8 1 = rrf4 H 
HX YXO,IJ; K 3KBaropy HnH IIOITIOCaM BnOnHe B03MO:>KeH. IlpHMeHHrenbHO K KOH­
KpeTHOH CHTyaUHH HHKTO He HJy•.Jan JaBHCHMOCTb MeCTOnOITO:>KeHHH nap OT HaA­
KpHTH'IHOCTH - HH 3KcnepHMeHranbHO, HH reoperH'IeCKH. B 3TOM :>Ke nyHKre ­
B IIOpHAKe pa3BHTHH 06IUeH TeOpHH - Mbl TOITbKO OTMetJaeM raKyiO B03MO:>K­
HOCTb. 
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§ 20. Ocuoouoe coCTOJIHHe CHCTeMLI napaMeTplflleCKHX Bonn 
npu 60JILWOA Ha.IJ.KpHTH'DIOCTH 

floBeneuue cncTeMbi fiB c uenpepLIBHLIM pacnpeneneuneM npome Bcero 
OnHCaTL B npe.U.eJILHOM CJI}"'ae OlleHb 60JILWOH HaKaliKH (h V ~ ')'). B HyJieBOM 
npu6mDKeHHH no napaMeTpy ~ = -yfhV 6yneT Pn = Q, OTKyp;a cornacuo (18.20) 
npu BemecTBennoM S n n • cnenyeT 

hVn + fSnn·Xn•dQ'=O, X=Nncos'l!n, 

f Snn ' Y n•dQ' = 0, Y n =Nn sin '~~n· 

(20.1) 

(20.2) 

3a.IJ.alla, TaKHM o6pa30M, CBO.IJ.HTCH K peweHHIO JIHHeHHLIX ypaBHeHHH <l>pen­
rOJibMa nepBoro pona. )lnx npocTOTLI 6yp;eM npennonaraTL, 'ITO cpena B OT­
cyTCTBHe HaKai.!KH HBJIHeTCH H30TPOITHOH, T .e. V fl 3aBHCHT OT nOJIHpHOrO 
yrna 8, a S fl fl' 3aBHCHT TOJILKO OT yrna Me)I(.IJ.Y HanpaBJieHHHMH Q H Q 

1
• 

Torna, pa3narax Bee <PYHKUHH B (20.1), (20.2) no nonHHoMaM Jle)l(aunpa H 
BOCnOJIL30BaBWHCb TeOpeMOH CJIO)I(eHHH .ll.JIH p n (COS Q:), nOJiyqHM nocne :me­
MeHTapuoro HHTerpHpOBaHHH no 8' H <.p

1 
<PopMaJILHOe pewef!He 

00 

41TXo = - ~ (2n + l)hVnPn(cos 8)/Sn, 
n =0 (20.3) 

00 

S(cosa)= ~ SnPn(cosa). 
n =0 

flpH o6meM HCCJie.IJ.OBaHH,H peweHHH ypaBHeHHH (20.1), (20.2) B03MO)I(Hbl 
cnenyromue TPH CJI}"'aH: t.l 

1. YpaBHeHHH (20.2) HMeroT HeTPHBHaJibHbie peweHHH, ue opToroHanb­
Hbie V n. Torna ypaBHeHHe (20.1) He HMeeT peweHHH, TeOpHH, HCXO.IJ.HI.UaH 
H3 .IJ.HarOHaJibHOrO raMHJILTOHHllfla, He naeT orpaHHI.!eHHH aMnJIHTY.IJ.bl. 3TOT 
CJI}"'aH Mbl 6yp;eM Ha3biBaTb CUHZYIIRpHbZM. )lTIH H30TPOnHOH MO)J;eJIH CHHry­
JIHpHbiH CJI}"'aH ocymecTBJIHeTCH, KOr.U.a XOTH 6LI npH O)J;HOM j 6yneT S j = 0, 
a V; * 0. B § 19 6Lmo noKaJauo, liTO npu V * const H ue CJIHWKOM 6onb­
wou Ha.IJ.KpHTHI.!HOCTH peweHHe B BH)J;e O)J;HOH HJIH HeCKOJibKHX nap cymeCTByeT 
H B CHHrynHpHOM CJI}"'ae. TaKHM o6pa30M, HMeeTCH HeKOTOpaH KpHTHI.!eCKaH 
aMnJIHTy.IJ.a HaKaliKH he, npH .IJ.OCTH)I(eHHH KOTOpOH npOHCXO.IJ.HT "cpbiB" CTa­
IJ,HOHapHOro COCTOHHHH H BLIWe Hee orpaHHlleHHe npOHCXO.IJ.HT y)l(e 3a ClleT 
6onee cna6biX HeJIHHeHHbiX MeXaHH3MOB. 113 $OpMYJILI (20.3) cnenyeT, liTO 
B uau6onee cHHrynxpHOM CJI}"'ae, Korna S 0 = 0, a V = const, orpauH'IeHHH 
aMnJIHTY.IJ.bl HeT HH npH KaKHX npeBbiWeHHHX. nan noporOM, T .e. he = h 1. B Me­
nee CHHrynxpHLIX CJI}"'aHX he > h 1 . 

PaccMoTpHM nonpo6uee CJI}"'an, Korna S = const, a V 8 H3MeHHeTcH MO­
HOTOHHO OT V1 )J;O V2. B 3TOM CJI}"'ae nOBepXHOCTb Po HMeeT He 6onee )J;Byx 
MaKCHMyMOB. fi03TOMy B CTaiJ,HOHapHOM COCTOHHHH MO)I(eT 6biTh He 6onee 
.U.Byx nap. P~wax ypaBneuue (19 .20) ; non}"'HM cnenyromee Bbipa)l(eHHe AJIH 
cyMMapHOH aMnJIHTYAbl: 

'Y h(V1 + Vl) N + N =- __ ....:._...::.__::..:.._ ___ _ 
1 2 S (4-yl -h2(V1 - V2)2]lf2 

0TCIO)J;a BH)J;HO, liTO 

he= 2-y/( V1 - V2) npH S = const. 
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2. YpaBHemm (20.2) HMeJOT HeTpHBHaJibHbie peweHH.II, opToroHaJibHbie V.n. 
Torp;a p;n.11 ypaBHeHH.II (20.1) HMeJOT peweHH.II, orrpep;eneHHbie c TO'IHOCTbiO p;o 

peweHHH ypaBHeHH.II (20.2), H TeOpH.II, HCXOJ.];.IIllia.ll H3 p;HarOHaJibHOfO raMHJib· 

TOHHaHa, He orrpep;eJI.IIeT CTaUHOHapHOe COCTO.IIHHe OJ.];H03Ha'IHO. 3TOT CliYIJaH 

· Mbl 6yp;eM Ha3biBaTb HeOnpeOeJZeHHbl.M. .il,JI.11 H30Tp0IIHOH MOp;eJIH Heorrpep;e­

JieHHbiH CliYIJaH ocymecTBJI.IIeTC.II, KOrp;a XOT.II 6bi npH OJ.];HOM n = j 6yp;eT S; = 0 
H ~ = 0. TaK )l(e, KaK H B CHHfY11.11pHOM crryqae, eCJIH V =/= const, IIpH MaJibiX 

npeBbillieHH.IIX Hap; noporoM cymecTayeT op;H03Ha'IHOe peweHHe B BRAe OLI,HOH 

napbi. Cnep;oaaTerrhHO, HMeeTC.II HeKoTopa.ll KpHTH'IeCKa.ll aMIIJIHTyp;a HaKa'I­

KH hu, . Bbillie KOTOpOH CTaUHOHapHOe COCTO.IIHHe Tep.lleT onpep;eJieHHOCTb. 

PeweHHe o6nap;aeT pa3JIH'IHOH cTeneHbiO npoH3BOJia B 3aBHCHMOCTU OT 'IHcna 

rapMOHHK, p;n.11 KOTOpbiX S; = ~ . = 0. B HaH6onee Heorrpep;eneHHOM cnyqae 

S = const, V = const BeJIH'IHHa hu = h 1 H p;onycTHMbi JIJ06bie pacnpep;eneHH.II, 

· yp;oaneTBOp.IIIDIUHe cnep;yJOmeMy ycrroaHJO, coanap;a10meMy c (19 .1) : 

fN.ndD=(h 2 V 2 --y 2
) 1 f2JISI . (20.4) 

3. YpaaHeHHe (20.2) He HMeeT HeTpHBHaJibHbiX peweHHH. 3TOT crryqaH Mbi 

6yp;eM Ha3hiBaTb pezyMpHbl.M. B peryrr.llpHOM cny'lae ace S n =I= 0. Torp;a 

ypaBHeHHe (20.1) HMeeT ep;HHCTBeHHOe peweHHe (20.3), KOTOpoe, OLI,HaKO, 

HMeeT cpH3H'IeCKHH CMbiCJI JIHllib npH HeKOTOpbiX orpaHH'IeHH.IIX. Ilpe)l(p;e 

BCero He06XOJJ;HMa J.];OCTaTO'IHO 6biCTpa.11 CXOJ.];HMOCTb nocrrep;OBaTeJibHOCTH 

Vn /S n K HYJIIO npH n -+ 0. 3To ycrroBHe, oLI,HaKo, He .IIBJI.IIeTC.II p;ocTaTO'IHbiM. 

B caMoM p;ene, ytiTeM KOHe'IHOCTb 3aTyXaHH.II 'Y B ypaaHeHH.IIX (20.1), (20.2) . 
.il,JI.11 JTOfO BOCnOJib3yeMC.II ypaBHeHH.IIMH (18 .20) : 

- 'Y sin 1/1 .n = h V .n + f S .n .n · N .n • cos 1/1 .n. dn' , 

- 'Y cos 1/l.n = J S.n.n·N.n• sin 1/l.n·dD' 

p;JI.II H30TPOIIHOH MOJ.J;e1IH, JIHHeapH3Y.II 

nOliYIJHM 

KOTOpbie Ha "cpoHe" peweHH.II (20.3), 

- -y81/l.n = {S(cos a)oN(D')dD', 
(20.5) 

- 'Y = J S(cos a)N(D')O'Il.n•dD'. 

0TCIOJ.];a 

2m+ I 

IlOJTOMY p;JI.II cymeCTBOBaHH.II 06JiaCTH npHMeHHMOCTH peweHHH (20.3) Tpe-

6yeTC.II, 'IT06bi · pacnpep;eneHHe N .n HHKOrp;a He o6pamanocb B Hym. HanOMHHM, 

'ITO npH V = COIISt MO)I(HO nOliYIJHTb TO'IHOe pellieHHe ypaBHeHHH C 3aTyXaHHeM 

npH 11106oM npeBhillieHHH Hap; noporoM. 3To peweHHe HMeeT BHA (20.4). B pe­

ryn.llpHoM crryqae, KpoMe Toro, N = const, T.e. N .n = N/4rr. 
Ka'leCTBeHHbiH BbiBOJ.]; H3 BCero CKa3aHHOf0 3aKJIIO'IaeTC.II B TOM , 'ITO pacnpe­

p;eJieHHe nap N .n npH 6oJiblliHX h qpe3Bbi'IaHHO 'IYBCTBHTe1IbHO K TOHKOH 

CTPYKType cpyHKUHH V .n H S .n .n' : B OLI,HHX cnyqa.11x ycTaHaBJIHBaeTC.II He­

rrpepbiBHOe pacnpep;eJieHHe nap no pe30HaHCHOH IIOBepXHOCTH, B p;pyrHX -

CpbiB orpaHH'IeHH.II H B03HHKHOBeHHe cymeCTBeHHO HeCTaLI,HOHapHOH KapTHHbl. 
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§ 21. HeJIHHeAHbie aocrrpHHM'IHBOcnt: 

MeTO)lbl H3MepeHH.II H Cp3BHeHHe TeopHH C 3KCDepHMeHTOM 

21.1. OnpeneneHHe BOCDpHHM'IHBOCTeA ,l].JI.II ncB. HaH6onee pacnpocrpaHeH­

HbiH MeTO,ll. 3KCnepHMeHTaJibHOrO H3)"1eHH.II papaMerpwieCKOrO BOJ6y)f()J,eHH.H 

CB OCHOBblBaercn na nornomemm BOJlHaMH 3Hepr11H HaKalJKH. OnpenenHM Bbi­

COKO'Iacrornyro HeJlHHeHHyJO BOCilpHHMlJHBOCTb <fleppoMarHeTHK3 06bilJHbiM 

o6paJoM: Mz ( wp) = xh, x = x 1 + ix 11
• MHHMa.H tJacrb aocnpHHMlJHBOCTH onpe­

nenner BeJlHlJHHY ITOrJlOlUeHHOH MOlUHOCTH 

W= YlwpX
11
h2

• 

fipHMeH.H.H <flopMyny (1 7.4) ,ll;Jl.H fi0TOK3 :meprHH, BTeK3101UeH B o6paJeU HJ 

OKpy)l(aromero nonn HaKalJKH, ITOJl)"'HM 

x 11 
= (2/h) ~ I V k b 11 sin ( J k - 1/1 k) . 

k 
(21.1) 

AHanorH'!Hoe Bbtpa)l(eHHe non)"'aercn nnn BemecrBeHHOH qacrH. 

X
1 
=- (2/h) ~I Vkbfl cos(Jk - 1/lk) . 

k 
(21.2) 

lloBenenHe aocnpHHMlJHBocreli x 1 
H x 11 

Ja rroporoM cymecrBeHHO JaBHCHr or 

MeXaHHJMa orpanH'IeHHH aMnJJHry,nbl. TaK, nnn MexaHHJMa nenHHelinoro Jary­

xaHH.II HJ ( 17 .8) cnenyer 

I II 2V2 h - hl 
X =0, X =-- ---

T/ ; h 
(2 1.3) 

a nnn ¢aJoBoro MeX'anHMa orpaHH'IeHH.II HJ (21 .1), (21.2) 1-1 ( 19.1) 
2V2 h2 - h21 2V2 h (h2 - h2)1/2 

I II I I 
(21.4) X=-- X=--

S h 2 S h 2 

Ha pHc. 21.1 BHnHO, 'ITO npHHUHITHaJibHOe paJJJHlJHe ,ll;HCCHnarHBHOro H ¢aJo­

aoro MexaHH3MOB nponBnnercn B noBenenHH BeJJHlJHHbi X
1

: x 11 
= 0 nnn ,ll;HCCH­

narHBHoro H x 1 ""X 11 nnn ¢aJOBoro MeXaHH3MOB. 3KcnepHMeHTaJibHbie p·eJynb­

raTbi, KOIOpbie Mbl 110,1l;p06HO o6cy,ll;HM B 11. 21.3, 110K33b1B310T, 'ITO BelUeCT­

BeHH3.H BOCI1pl1HMlJHBOCTb X
1 

OTJ111lJH3 OT HYJl.H 11 MO)I(eT 6biTb 110p.H,ll;K3 HJlH ,ll;3)1(e 

60J1bllle, tJeM x 11
• 3rH ¢aKrbi raK)I(e roaopnr B noJJbJY ¢aJOBoro MeXaHHJMa 

orpanH'IeHH.II . 

i x''jx::,, x'/z:,; 
J -----

' ' ' L-----~--~~------~~~~ 
4 ~h/hth 1 
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p 11 C. 2). ) . 3aBI1CI1MOCTI1 Hen11He~Hb!X 
Bocnpi111M411BOCTe~ x' 11 x" OT aMnni1TYAbl 

HaKa4K11 h: 1 11 2 - x' 11 x" Anll MexaHHJ­

Ma HenHHe~Horo JaryxaHHll; 3 H 4 - x" 

H x' Anll cpaJosoro MexaHHJMa orpaHH-

4eHHJI 



21.2. MeTO,llHKa H3MepeHHH M3I'IDITIIOA BOCDpHHMtJHBOCilf. B csq )J.Hana30He 

06bi'IHO HCnOJib3YIOT peaKUHIO BbiCOKO)J.06pOTHOf0 JJieKrpOMafHHTHOfO pe30H3· 

TOpa Ha H3MeHeHHe COCTOJIHHJI HaXO)J.HIUefOCH B HeM o6pa3Ua. Bo3HHKaiOIUee 

llpH 3TOM H3MeHeHHe )J.06pOTHOCTH pe30H3TOpa Ollpe)J.eJIHeT MHHM)'IO 'laCTb 

socnpHHM'IHBOCTH x ", a H3MeHeHHe co6cTseHHOH 'laCTOThi - BemecTBeHHYIO 

'laCTb X 
1

• flo cpaBHeHHIO CO CTaH,ll.apTHOH MeTO)J.HKOH, npHMeHHeMOH B OllbiTax 

no M3fHHTHOMY pe30HaHCY, MeTO)J.HKa H3MepeHHH HeJIHHeHHbiX BOCnpHHM'IH· 

socTeii npH naparrrrerrbHOH HaKa'IKe HMeeT pa)J. cneUHQ>H'IeCKHX oco6eHHOCTeii: 

HMnyrrbCHbiH pe)I(HM CBq reHepaTOpa, lliHpOK3JI 06JiaCTb noJJeH, B KOTOpbiX 

Ha6JIIO)J.3eTCJI norJIOIUeHHe JHeprHH, 3aBHCHMOCTb X 
1 

H X
11

. OT MOIUiiOCTH HaKa'l· 

KH. TiocJie)J.Hee npHBO)J.HT K TOMy, 'ITO MOIUHOCTb reHepaTOpa He HBJIHeTCH XOpO· 

meu Mepoii aMUJIHTYIJ.bl nOJIJI HaKa'IKH. Tiorre B pe30HaTope YIJ.06Hee onpe,ll.eJIJITb 

no MOIUHOCTH Ha BbiXO)J.e pe30H3TOpa. 3TO n03BOJIJieT aBTOMaTH'IeCKH y'leCTb 

JQ>Q>eKT o6paTHoro BJIHHHHH CB Ha HaKa'IKY, KOTOpbiH JIBrraeTCH cymecTBeH­

HhiM B6JIH3H nopora )J.a)l(e npH MaJIOM K03QlQlHUHeHTe 3anOJIHeHHH pe30HaTopa. 

THnH'IHaJI cxeMa JKcnepHMeHTaJihHOH ycTaHOBKH, npHMeHHeMOH )J.JIH H3yqe­

HHH JIBJieHHJI naparrrreJibHOH HaKa'IKH, nOK333Ha Ha pHC. 21.2. TipHHUHn )J.eHCT· 

BHH JaKJIIO'IaeTCH s crre)J.ywmeM. HesoJMyiUeHHbiH pe30HaTop (iJ.o nopora 

napaMeTpH'IeCKOfO B03qy)I()J.eHHH) 06bi'IHO COfli3COBbiBaeTCJI C BOJIHOBO)J.HbiM 

rpaKTOM TaKHM o6pa30M, 'IT06bi K03QlQlH1UfeHT OTp3)1(eHHJI OT pe30HaTOpa 6biJI 

6JIH3KHM K Hyrrw. TipH B036y)I()J.eHHH CB yxy,ll.rnaeTCH Harpy)l(eHHaa )J.06poT­

HOCTh pe30H3TOpa Q H H H3MeHHeTCJI ero C06CTBeHHaH 'laCTOTa Wo, 'ITO llpHBO· 

)J.HT K ~OJIBJI1~HHIO OTp3)1(eH!,fOfO CHrHarra, no KOTOpOMY MO)I(HO CYIJ.HTb 0 BeliR: 

'IHHe x H x . BerrH'IHHa x . csaJaHa c KOJQlQlHUHeHTOM orpa)l(eHHH crre)J.ywmeH 

Q>opMyrrou: 

x" = __ I_ I r lw = Wq 

AQH 1 - I r lw-Wq 

r)J.e A = 2rr J h2 dr I J h2 dr - KOJQlQlHUHeHT JanorrHeHHH pe30HaTopa. .II.nH 
o6p pe3 

H3CTpOHKH B pe30HaHC (w = Wo) npOH3BO)J.HTCJI He60JiblliOe H3MeHeHHe 'laCTOTbl 

PH C. 21.2. CxeMa 3KCilepHMeHTai!bHOJ.\ YCTaHOBKH ,[lml napaMeTpH'IeCKOro B036ylK,[IeHHH 

CilHHOBhi X BOflH : J - MOAYflHTop ; 2 - MarHeTpou ; 3 - aTTeHIOaTop; 4 - c ornac oBaTenh ; 

5 - HJMepiiTei!b MOIUHOCTH; 6 - OCUHnnorpa<j> 
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reHepaTopa (HnH co6cTBeHHOH qacTOTbi pe30HaTopa) 110 MHHHMYMY K03<l><l>H­

II,HeHTa OTP3)1(eHHH, senH'IHHa noro H3MeHeHHH ~w = w- w0 HenocpeACTBeHHO 

onpeAenHeT semecTseHHYIO socrrpHHM'IHBOCTb. ITo pHAY upH'IHH, rnasHoii H3 

KOTOpbiX HBJlHeTCH HeTO'IHOCTb B orrpe}J;eneHHH K03<l><l>HII,HeHTa A, 110rpeiiiHOCTb 

H3MepeHHH a6COJ110THbiX BeJlH'IHH X1 
H X11 

06bitiHO 110pH}J;Ka 20-40%. 
r .A. MenKOBbiM H M..B. KpyueHKO [ 177] 6bma 11pe}J;JlO)I(eHa 6onee cosep­

weHHaH MeTOAHKa H3MepeHHH BOC11pHHM'I~BOCT~, 1103BOJ1HIOJ..U;lH yMeHblllHTb 

OTHOCHTeJlbHYIO 110rpelllHOCTb H3MepeHHH X H X }];0 HeCKOJlbKHX 11pOUeHTOB. 

Ee H}J;eH 3aKJ1IO'IaeTCH B H3MepeHHH peaKUHH pe30HaTopa Ha B036y)I(}J;eHHe 

IICB He 110 H3MeHeHHIO OTp3)1(eHHH OT Hero csq H3Jly'!eHHH, KaK B Tpa}J;HII,HOH­

HOH MeTOAHKe, a 11yTeM cpasHeHHH 11porneArnero qepe3 Hero H3nyqeHHH c 0110p­

HbiM CHrHanOM. IlpH h < hth CHrHan paccornaCOBaHHH 110JlHOCThiO KOMI1eH­

CHpyeTCH C 110MOJ..Ubl0 <l>330BpamaTeJ1H H aTTeHIOaTOpa (110rJ10THTeJ1H), BKJliO'IeH­

HbiX B KaHan 0110pHoro CHrHana. Ilocne B036y)I(}J;eHHH IICB 11pH h > ht h KOM-

11eHcauHH 11p0H3BOAHTCH BTOpH'IHO. 

21.3. ConocrasneHHe S~-reopuu c lKcnepuMeHToM no aeJIHaeAHbiM socnpu­

HM'IHBOCTIIM. B HHTepecyiOJ..UeM HaC cnyqae aKCHanbHOH CHMMeTpHH HenHHeH­

Hbie BOCI1pHHM'IHBOCTH, 011pe}J;eJleHHble <PopMyJlaMH (21.1), (21.2), MO)I(HO 

rrpeACTaBHTb B BH}J;e 

I 2 2 
x =- ~ V8 N 8 cos l/1 8 =2 ~ S 88 -N8 -N8 cos(l/1 8 -l/1 8 .), 

h 8 h 8 , 8' 

II 2 . 2 
X = - ~ V 8 N 8 sm l/1 

8 
= -

2
- ~ "f 8N 8 . 

h 8 '/ h 8 

(21.5) 

BH}J;HO, 'ITO MHHM3H 'laCTb BOCI1pHHM'IHBOCTH X 
11 

xapaKTepH3yeT TOJlbKO HH-
1 

TerpanbHYIO HHTeHCHBHOCTb 11ap, B TO BpeMH KaK Bei..UeCTBeHHaH 'laCTL X cy-

mecTBeHHO 3aBHCHT OT <Pa30BbiX COOTHOllleHHH Me)I(}J;y 11apaMH. Il03TOMy 

BeJlH'IHHa X 
1 

HBJlHeTCH 6onee TOHKOH xapaKTepHCTHKOH CHCTeMbl, '!yBCTBHTeJlb­

HOH K AeTanHM pacrrpeAeneHHH 11ap B rrpocTpaHCTBe, aBTOKone6aHHHM, HeOA­

HOpOAHOCTHM H T.l1. C 3THM 06CTOHTeJlbCTBOM B 3Ha'IHTeJlbHOH Mepe CBH3aH 

6onLrnoii pa36poc 3KC11epHMeHTanLHbiX 3Ha'leHHH x 1, HMeiOJ..UHXCH y pa3nH'IHbiX 

asTopos . TaK, HarrpHMep, B OAHOH H3 paHHHX pa6oT T .C. XapTBHKa HAP· [222] 
C006J..U3J10Cb, 'ITO B )f(ltJT OTHOllleHHe X 1 fX 11 = 0, 1 H cna6o 3aBHCHT OT MarHHT· 

HOrO 110J1H. ManOCTh 3TOrO OTHOllleHHH HBHJlaCb 11pH'IHHOH, Ha OCHOBaHHH KOTO­

pOH B Ka'leCTBe MeXaHH3Ma OrpaHH'IeHHH ~e}J;JlaraJlHCb pa3JlH'IHbie BapHaHTbl 

HenHHeiiHoro 3aTyxaHHH, 11pHBOAHmHe K x = 0 (E. IIIneMaHH, [235], II. foT­

TJ1H6 H X. Cyn, [69]). KapTHHa 110BeAeHHH CB 3a 11oporoM 11apaMeTPH'IecKoro 

B036y)I(}J;eHHH, OI1HC3HH3H B MOHOrpa<l>HH AJI. MoHocosa [ 17] , H a qacTHOCTH 

MeXaHH3M "aBTOI10}J;aBJleHHH" 3MI1JlHTYAbi, TaK)I(e cymecTBeHHbiM o6pa30M 

HCXOAHT H3 11peA110JlO)I(eHHH, 'ITO x 1 ~ x ". OAHaKo 11ocneAyiOmee TJ..UaTeJlbHOe 
I II 

H3yqeHHe 110BeAeHHH X H X B pa3JlH'IHbiX 3KC11epHMeHTanbHbiX CHTyaUHHx 

110K333J10, 'ITO B COBeprneHHbiX MOHOKpHCT3JlJ13X B OTCYTCTBHe aBTOKOJle6aHHH 
I II 

BeJlH'IHHa X He Mana H MO)I(eT });3)1(e 11peBOCXOAHTh BeJlH'IHHY X . 
Ha pHC. 21.3 110Ka33Hbl xapaKTepHbie 33BHCHMOCTH X1(h 2

) H x"(h 2 ) AJlH 

c<Pepbi )l{l1f B Tpex OCHOBHbiX KpHCTannorpa<l>H'IeCKHX Ha11paBJleHHHX: B Ha­

rrpaBJleHHH [ 100] , KOr}J;a OTCYTCTBYIQT aBTOKOJle6aHHH HaMarHH'IeHHOCTH, H B 

HarrpaBJleHHHX [ 111] H [ 110] , KOr}J;a Ha6JliO}J;aiOTCH HHTeHCHBHbie aBTOKOJle6a­

HHH. BHAHo, 'ITO aBTOKone6aHHH HaMarHH'IeHHOCTH, He snHHH cywecTBeHHO 
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1 11 [ff1] [ffo} 
X, X 

10"2 

0 -1 

"' J:.-2 
X -3 

0 5 10 15 P,iJ5 0 5 10 15 P,05 

pH C. 21.3. 3KcnepHMeHT8JU;Hhle 38BHCHMOCTH uemecTBeHHOR x' (WTpHXOBIUI KpHBIUI) H 
MHHMOR x" (cnnoWHIUI Kplfilax) qacreR npQAOJlbHOR BOCUpHH~BOCTH OT MOWHOCTH 

HaKaqKH AlVI ccpept.I >KHI' : 1 -:- opHeHTal.lWI [ 100) ; 2 - opHeHTaUJIH [ 111) ; 3 - opHeHTa­
LIHH ( 11 0 ) . CrpenKaMH o6o3HaqeHhl noporH B036yli(AeHHH 8BTOKOne6aHHA 

pH C. 21.4. 3auHCHMOCTh BocnpHHMqHBOCTH x' H x" OT MOWHOCTH HaK8'lKH. CnnoWHLie 

UHHHH - pe3y1IbT qHcneHHoro pacqeTa, WTpHXOBIUI nHHHH - BOCUpHHMqHBOCTH B MOAenH 

OAHOR rpynnhl nap. ToqKH - pe3yllbTaT 3KcnepHMeHTa A1VI c¢lepbi >KHr, H = H c - 100 3, 

MD [100):1,1' -x'; 2.2~- x" 

Ha Bemr'IHHy x", MOryr yMeHblllHTh BeJIH'IHHY X
1 

B HeCKOJlbKO pa3. )TO MO)f(­

HO 06'b.IICHHTb CJie.IzyiOIUHM o6pa30M: npH 60JiblllHX npeBbJUleHH.IIX Hap; noporoM 

HeycTOHlJHBOCTH 

sint/l=hdh~l, 

I cos t/11:::::: 1 - Yl(hdh)2
, 

T :e. KOCHHYC <PaaOBOrO C,D;BHra nap no OTHOllleHHIO K HaKa'IKe, onpep;eJI.IIIOIUeH 

BeJIH'IHHY x 1, 6JIH30K K CBOeMy 3KCTpeMaJibHOMY 3Ha'leHHIO. PaaBHTHe aBTO­

Mo,o;yMUHif, npHBO,[J;.IIIUHX K nepHO,D;H'IeCKOMy H3MeHeHHIO yrna t/J, He MeH.Il.ll 

cpe,D;Hero 3Ha'leHH.Il sin t/1, YMeHblllaeT cpe,D;Hee 3Ha'leHHe cos t/1 H BMecTe c HHM 
I 

BOCnpHHM'IHBOCTb X . 
To, 'ITO X

1 
:::::: x"' O,[J;H03Ha'IHO CBH,D;eTeJibCTByeT 0 HaJIH'IHH cymecTBeHHOro 

<PaaoBoro paccornacOBaHH.Il Me)f(,D;y HaKa'IKOH H napaMH CB, KOTopoe cne,o;yeT 

H3 S -TeopHH. CpaBHeHHe ee BhiBO,o;oB c aKcnepHMeHTaJibHbiMH aaBHCHMOCT.IIMH 

X1(h) H X"(h) cymeCTBeHHO o6JierqaeTC.Il npH MaJIOH Ha,D;KpHTH'IHOCTH 

(h ~ 2h 1), KOrp;a B036~p;eHbl TOJibKO napbl Ha 3KBaTope C 8 = rr/2. B 3TOM 
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cnyqae H3 (21.5) H (19.6) cne,!l;yer 

(21.6) 

Ha pHc. 21.4 BH,!l;HO KatiecrseHHoe cosna,!l;eHHe xapaKre-pa reoperH'IeCKHX H 

JKcnepHMeHramHhiX KpHBhiX (eM. pHc. 21.3, Mil (100)). HanpHMep, B coor­

sercrBHH c reopHeii KpHsan x'(h) nepeceKaer KpHBYJO x"(h) B MaKCHMyMe . 

Pacxo)I()J;eHHe reoperH'IeCKHX H JKcnepHMeHTaJihHhiX KpHBhiX x' (h) npH 

h 2 > 8 ,!l;O ecrecrseHHhiM o6pa30M 06'bHCHHeTCH B036y)I()J;eHHeM BIOpOH rpynnhi 

nap, KOIOpbie He Y'IHThiBaJOT <PopMyJihl (21.6) . 
JJ.nn cpasHeHHH S-reopHH c JKcnepHMeHTOM B o6nacrH 6onhlliOH Ha,!l;KpHIH'I­

HocrH 8 .8 . 3ayrKHHhiM H ,!l;p . [86] npoBO.ll:HJIHCb 'IHCJieHHbie p ac'leThi Ha 38M . 

JlnH JTOrO npe)I()J;e BCero Bhi'IHCJIHJIHCh KOJ<!><l>HIJ,HeHTbl Soo' B KOHKpeiHb!X 

JKcnepHMeHraJihHhiX cHryauHHx ,!l;JIH :lKI1f. OpH 3TOM Hcnon&JOBaJIHCb ron&Ko 

H3BeCTHbie 3Ha'leHHJI OCHOBHh!X napaMeipoB )KJ1f: HaMarHH'IeHHOCTH , TIOJIH 

KpHCTaJIJIOrpa<!>H'IeCKOH aHH30IponHH H 06MeHHOrO .nOJIH . 0oJiy'leHHbie raKH~ 

06pa30M 3Ha'leHHH nO,!l;CTaBJIHJIHCh B HeCTaUHOHapHbie ypaBHeHHJI ,!l;BH)I(eHHH 

S-reopHH (18.11), KOIOpbie pelllaJIHCb Ha 38M MeTO,!J;OM HiepaUHH ITO BpeMeHH 

or ypoBHH rennosoro IllyMa. 8&I'IHCJieHH&Ie crauHoHapH&Ie 3HatieHHH aMnnHTY.ll: 

H <Pa3 npH pa3JIH'lHOH Ha,!l;KpHIH'lHOCTH TI03BOJIHJIH onpe,!l;eJIHTb BeJIH'IHHbl X' 
H x" no <PopMynaM (21.5) . PeJyn&rar&I JTHX Bbi'IHCJieHHH npHBe,!l;eH&I Ha 

pHc. 21.4 BMecre c pe3ymraraMH na6oparopHoro JKcnepHMeHra. 8H.ll:HO He 

TOJibKO Ka'leCTBeHHOe, HO H XOpOillee KOJIH'IeCTBeHHOe COBna,!l;eHHe TeOpHH 

C JKCnepHMeHTOM. ,;,' 

8 ra6n . 21.1 npHBe,!l;eHo cpasHeHHe reoperH'IeCKHX H JKcnepHMeHramH&IX 

3Ha'leHHH MaKCHMaJibHOH BOCnpHHM'IHBOCTH X~= max X" (h) ,!l;JIH pa3JHf'IHbiX 

Ky6H'IeCKHX <l>M c<t>epH'IeCKOH <!>OpMbl . JlnH )KJ1f npoBO,!l;HJIHCb a6COJIIOTHbie 

H3MepeHHH BOCnpHHM'IHBOCTH no CTaH,!l;apiHOH MeTO,!l;HKe , OTIHCaHHOH B n. 21.2. 
3Ha'leHHH x ';., ,!l;JIH ocran&HbiX KpHcrannos H3MepeH&I Ha roii )l(e ycraHOBKe 

nyreM cpasHeHHH Hx c :lKI1f. TeoperH'!eCKHe 3Ha'leHHH Bbi'IHCJIHJIHCb no <Pop­

Myne (21.6) : 

x::Z =Vi II SuI, (21.7) 

KOropaH ,!l;JIH Ky6H'IeCKHX <l>M B cnyqae aKcHaJibHOH CHMMeipHH (Mil (111], 
(100]) nOCJie nO,!l;CTaHOBKH Bbipa)l(eHHH ,!l;JIH V1 H S 1 npH06peraer BH,!l; 

(8.8. 3ayrKHH H ,!l;p. , (86]) 

8rrx::Z = [Nz - 1 + (3(wa /wM) +(I+ (wp/wM?)112] -I , (21 .8) 

{ 
- 8 rrpH M II [ 11 I ), 

{3= 
9 npH M II [ 1 00] . 

113 ra6JIHUbl BH,!l;HO, 'ITO npocraH <t>opMyJia (21 .8) XOpolliO OTIHCbiBaer a6co­

JIIOTHble 3Ha'leHHH 3anoporOBOH BOCnpHHM'IHBOCTH ,!J;JIH 111HpoKOfO KJiacca 

Ky6HtiecKHX <l>M. HeKoropoe pacxo)I()J;eHHe reopHH c JKcrrepHMeHroM ,!l;JIH 

Nife204 (opHeHTaUHJi (111]), nO-BH,!l;HMOMy, CBH3aHO C TeM , 'ITO B JTOM 

CJiyqae MaKCHMYM BOCTipHHM'IHBOCTH Jie)I(HT 3a noporOM pO)I()J;eHHH BIOpoH 

rpynnhi rrap, KOr,!l;a <PopMyna (21 .8) HenpHMeHHMa. 
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Ta6nHu.a 21.1 

CpaBHeHHe TeopHH C 3KCDepHMetiTOM AJIII nHHeHHOii BOCnpHHM'IHBOCTH X" 

wa 
X 

.. . 10 3 
KpHCTann 4rrM= HA = - 2/lHk= OpHeH-

= wMfg, g = 'Y{g, 3 3Kcneim-~ TeopHJI TBUHJI rc 3 MeHT 

'1. Y3 Fe5 0 12 ()KI!If) 1750 84 0,12 24 + 5 21 [100] 

2. Y 3 Fe4 , 3 , 5 Se0 , 6 , 5 0 12 1500 8 0,36 23 22 [100] 

3. Bi0,;Ca2,• Fe3 , 6 v,,4o,, 650 58 0,45 5 7,5 [100] 

4. Li0 , 5 Fe1 , 5 0 4 3700 580 0,80 80 70 [111 I 
5. NiFe,o. 3200 490 1,40 25 19 [100] 

55 84 [ 111] 

B pa6ore Jl)I(.Jl)l(. fp1ma H B.)l)l(. XenH [71] H3MepHnacb socrrpHHM'IH­
BOCTb X':n WJH O)J.HOOCHOfO <l>M BazZnzFe12014 C 3HH30TpOIIHeH THIIa "nerKaH 
IIJIOCKOCTb" H 6bmo nony'leHo aHoManbHO 6oJJblliOe 3Ha'leHHe x':n ~ 0,2 . Teope­
TH'IeCKaH ou;eHKa WJH x':n, Koropyw MO)I(HO cnenaTb no <t>opMyne (21 .7), 
Bbi'IHCJIHH WJH :noro' cny'laH K03<l><PHu;HeHTbi V1 H S 11 6e3 yqera )J.HnOJJb­
iJ.HIIOJJbHOro B33HMO)J.eHCTBHH (npH WM < Wa, Wp~ Wa), )J.aeT 

2 II - I 2 1TXm- WM Wa Wp . 

83HB H3 (71] 3Ha'leHHH napaMeTpoB WJH13a2Zn2Fe12 0 14 ,47TM=2850fc, 
Wa fg = 9900 3 H '13CTOTY H3K3'1KH Wpfg ~ 6300 3·, nony'IHM x':n ~ 0,1. Ka­
'leCTBeRHoe COOTBeTCTBHe Me)I()J.y TeopeTH'IeCKHM H 3KCnepHMeHTanbHblM 
3Ha'leHHJIMH x':n HMeercH raK)I(e npH napaMeTpH'IecKOM so36y)I()J.eHHH CB s 
A<I>M (B.C. flbBOB, M.l1. liiHpOKOB, [155] ; n.A. Ilpo30posa, A.l1. CMHp­
HOB , (201]). 

oOJJblliOH HHrepec npencrasnHeT raK)I(e cpasHeHHe 3HaKoB semecrseHHOH 
' I 

BOCnpHHM'IHBOCTH X , KOTOpble nOJJY'I310TCH B TeOpHH H 3KCnepHMeHTe. 8 COOT-
BeTCTBHH C <t>opMynoij (21.6) 3H3K X

1 
COBnanaeT CO 3H3KOM S 11 H WJH Ky6H­

'!eCKHX <I>M onpenenHeTcH 3HaKoM 3HaMeHarenH s <t>opMyne (21.8) . B coor­
sercTBHH C 3KCIIepHMeHTOM TeOpHH npe)J.CK33biBaeT WJ.II CJI300 3HH30TpOnHblX 
KpHcrannos, nepe'!HcneHHbiX s ra6n . 21.1, non HOMepaMH 1, 2 , 3 x' > 0. 
JlnH KpHCTanJIOB C 60flblli0H 3HH30TpDIIHeH (HOMepa 4, 5) X

1 > 0 WJH OpHeH­
T3I.J;HH (100] H X

1 < 0 WJH OpHeHT3I.J;HH [111]. 

§ 22. HenHHeAllaH reopHJI <jJeppoMai"HHrnoro pe3oHaHca 

CymecrsosaslllaH paHee HenHHeiiHaH reopHH <jJeppoMarHHTHoro pe30HaHca 
X. Cyna [210] Y'IHTbiBana TOflbKO B33HMO)J.eHCTBHe CB c orr H npeHe6perana 
s3aHMoneiicrsHeM IICB npyr c npyroM (CB- CB-s3aHMO)J.eiicrsHe), xo'r.11 
nocnenHee npH 6onhunix aMIIJIHTynax sonH seJJHKo, H npeHe6peraTb HM s 
6onblllHHcrse cnyqaes HeJJb3JI . ITo 3TOMY nosony HHTepecHo npHBecrH MHeHHe 
E. liineMaHHa [231] : "3ro npH6JJH)I(tmHe (HcKJJIO'IeHHe CB-C8-B33HMO)J.eHcT­
BHH) C)J.enaHO WJH ynpomeHHH M3TeM3TH'ICCKOH CTOpDHbl npo6JJCMbl H, B006Ule 
rosopH, He MO)I(eT 6biTb onpasnaHo. IlpHHHMaH ero, Mbi, sepoHTHo, repHeM 
60JiblliYID '13CTb <l>H3H'IeCKH cymeCTBeHHOH HH<l>OpMaUHH". 
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C TeopeTHtiecKoii ToqKH 3peHH.Jl HcHo, qTQ rro Mepe . pocTa aMIInHTyp;hi CB 
3a rroporoM JHeprHH CB-CB·B3aHMop;eiicTBH.Jl BHaqane cpaBHHBaeTcH, a IIOTOM 
H rrpeBocxop;HT JHeprHIO CB-OI1·B3aHMop;eiicTBH.Jl. MomHOCTh HaKaqKH, rrpH 
KOTopoii CB-CB·B3aHMop;eiicTBHe cTaHOBHTCH cymecTBeHHhiM, 3aBHCHT OT 
CBOHCTB CIIHHOBOH CHCTeMbi H THIIa HeJIHHeHHhiX rrpou;eCCOB H, 'KaK IIpaBHJIO, 
IIpeBbilllaeTC.Jl B JKCIIepHMeHTe. BMeCTe C TeM IIIHpoKO pacrrpocTpaHeHO MHeHHe, 
qTO orpaHHqeHHe rrapaMeTpHqecKOfO B036y)I()J;eHH.Jl IIpoHCXOp;HT B OCHOBHOM 
3a cqeT o6paTHOH peaKu;HH CB Ha OII (CB - OII·B3aHMop;eiicTBHe). 3TO MHeHHe 
OCHOBbmaeTC.Jl Ha rrpep;cKa3bmaeMOM "CB-Oll-TeOpHeH" JlBJieHHH "3aMOpa:>KH· 
BaHHH" OII 3a rroporoM, KOTopoe HalllJio rrpHMeHeHHe B <l>eppHTOBhiX orpaHH· 
qHTeJIJIX MOlllHOCTH. 

KaK rroKa3aHo E. IllrreMaHHOM H p;p. [233] rrpaKTHqecKH rrorrHoe rrpeKpame­
HHe pocTa aMIUTHTyp;hi OII Ha6rrrop;aeTcH rrpH <I>MP p;nH rrpou;eccoB rrepBoro rto­
p.J~p;Ka. C p;pyroii CTOpoHbi, HMeeTC.Jl pHp; <t>aKTOB, KOTOpbie HeJib3Jl Ofu.HCHHTb / 
"CB-0I1·B3aHMOp;eHCTBHeM". B qacTHOCTH, IIOBep;eHHe 1leJIHHeHHbiX BOCIIpHHM· 

.. t II 
qHBOCTeH x , x Bp;anH OT pe3oHaHca OTJIHqaeTcH OT ·TeopeTl{qeCKoro H rrpep;-
cKa3aHHoro IIpH 60JihiiiHX IIpeBbillleHHJIX MOlllHOCTH HaKaqKH Hap; IIOpofOM 
(P.B. )laHMOH (75]). 0co6oe BHHMaHHe crrep;yeT o6paTHTh Ha TOT <l>aKT, qTQ 

I 
BemeCTBeHHa.Jl qaCTh BOCIIpHHMqlfBOCTH X IIpaKTHqecKH He MeHH:eTC.Jl 3a IIOpo· 
roM, B. TO BpeMH KaK rro TeopHH CB-OI1·B3aHMop;eiicTBHH oHa p;orr:>KHa y6hi· 
BaTh KaK h-2 (h - aMIInHTyp;a rrepeMeHHoro MarHHTHoro rrorrH). YKa)l(eM 
TaK)I(e Ha OIIhiThi A .f. fypeBHqa H C.C. CTapo6HHu;a [73] rro "HacbillleHHIO 
<I>MP" (B crryqae rrpou;eccoB BToporo rrop.J~p;Ka), CBHp;eTeJihCTBYI01IlHe "o pocTe 
aMrrnHTyp;hi OII 3a rropowM". 

3TH H HeKOTOpbie n pyrHe <t>aKTbi Haxop;JIT eCTeCTBeHHOe 06"b.JlCHeHHe B 
H3JIO)I(eHHOH HH)I(e TeopHH, op;HoBpeMeHHo ~ThiBaromeii CB-OII- H CB- CB­

B3aHMop;eiicTBH.Jl B IIpH6JIH)I(eHHH p;iiaroHaJibHOfO raMHJihTOHHaHa ;j{ int. 
22.1. OcHoouaSI Monem •• faMHJibTOHHaH 3ap;aql{ Bbi6HpaeM B BHp;e 

JC = woaoao + ~ wk ak: ak + Xoo + JC1 + ~ Xok + Kint • 
k k 

Xoo =·Too laol 4 , JC1 = [hlexp(- iwp t)Uao + K.c.], (22.1) 

Xok = ~(Vok a oak a-1c + K .c.) + (Sok ao 2 ak a_k + K .c.) + 2Tok lao l2 lak 12
. 

3p;ecb JC00 OIIHChiBaeT co6cTBeHHhiH HerrHHeHHhiH cp;sHr qacTOThi OII, JC1 -
B3aHMOp;eHCTBHe OII c op;Hopop;HbiM MarHHTHbiM csq rrorreM c qacTOTOH Wp 

(p;rr.Jl IIpOCTOTbi Mbl cqHTaeM, qTO JTO IIOJie IIOJIHpH30BaHO IIO Kpyr y B IInOC· 
KOCTH, rreprreHp;HKyrrnpuoii M) H, HaKOHeu;, JC0 k OIIHChiBaeT OII - CB·B3aHMO· 
p;ei:fcTBHe. IIepBbie p;Ba qrreHa orrpenemnoT rrapaMeTpHqecKoe B3aHMop;eiicTBHe 
rrepBoro H BTOporo rropHAKO~ cooTBeTcTBeHHo, a rrocrrep;uee crraraeMoe -
HeJIHHeHHbiH CABHf qacTOThi. Jfint - p;HarOHaJihHbiH IIO rrapaM raMHJibTOHHaH 
CB-CB·B3aHMop;eiicTBHH (eM. <l>opMyrry (18 .1)). 

YpaBHeHH.Jl p;BH)I(eHHSI c raMHJibTOHHaHoM (22.1) : 

( !__ + 'Yo)ao = - i l)J( , ( !__ + 'Yk)ak = - i l)J( (22.2) 
at 8ao at 8a; 

MO)I(HO rrpep;cTaBHTb B cTaHp;apTHOM p;rr.Jl S-TeopHH BHAe (18.2): 

[ aat +ro +i(Wo - wp)]ao +iP0 a0 =0, (22.3) 
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[ aat + 'Yk + i(wk - lwp/2)] ak + iPk a~k = 0, 

Wo = Wo + 2Toolaol 2 + 2~ Tok lak 1
2

, 
k >O 

wk = wk + 2~ T:kk' iak·l 2 + 2Tok iaoi 2
. 

k ' 

(22.4) 

(22.5) 

3AeCb Wo H wk OllHCb!BaJOT HenHHeHHYJO paccTpOHKY '!aCTOTbl on H CB, I = 1' 2 
COOTBeTCTBeHHO )J;n.ll npOUeCCOB nepBOfO H BTOpOrO llOp.IIAKOB . Bbipa)f(eHHH 

MH aenH'IHH P0 , Pk, npeAcTaBn.IIJOIUHX "KoMnneKCHbie noTOKH 3HeprHH" 

B On H k-napy, 3aBHCHT OT TOfO, KaKOH npouecc paccMaTpHBaeTC.II. ,llri.11 npo­

UeCCOB nepaoro nop.IIAKa 

1 2 
P0 =- [hU+~~ Vokak], 

ao k (22.6) 

nopor HeycTOH'IHBOCTH BTOporo nop.II)J;Ka 3Ha'!HTen&HO Bbillle nepBOfO . 0AHaKO, 

ecnH '!aCTOTa (wp/2) ne)IQH BHe cneKTpa CB, npoueccbi nepaoro nopHAKa 

3anperueHbl, H MO)f(HO Ha6nJO)J;aTb HeycTOH'IHBOCTb BTOporo llOp.H)J;Ka C Wk = Wp. 
,llri.11 Hee 

aoPo =hU+~Sokafao, 
k ?<> 

2 . 
Pk = Sok a0 + ~ Skk' ak' a_k ' . 

k' 
(22.7) 

Harua 3a)J;a'!a CBO)J;HTC.II K HccneAOBaHHJO pemeHHH CBH3aHHbiX ypaBHeHHH 

(22.3) - (22.5) B 3aBHCHMOCTH OT aMnnHTYAbi HaKa'!KH h. HeTpyAHO 3aMeTHTb, 

'ITO ypaBHeHH.II (22.4) )J;n.ll nCB B npe)J;nOnO)f(eHHH ao = const nonHOCTb!O 

COBlla)J;aJOT C ypaBHeHH.IIMH , OllHCbiBaJOlUHMH napaivleTpH'IeCKYJO HeyCTOH'IH­

BOCTb B 3a)J;aHHOM none, KOTOpb!e ll0Apo6HO OllHCaHbl Bb!llle. no)J;CTaBHB pellle­

HHe JTHX ypaBHeHHH B (22.3), nonyqHM O)J;HO KOMnneKCHOe ypaBHeHHe, OIIpe­

)J;enHJOIUee 3aBHCHMOCTb a0 (h) . EYKBanbHa.ll peanH3aUH.II noli nporpaMMbi 

Tpe6yeT IIpHMeHeHH.II 38M H uenecoo6pa3Ha J1Hlllb MH HeKOTOpbiX Ba)f(Hb!X 

cnyqaeB (HanpHMep, )J;n.ll MOHOKpHCTannoB )J{J.1r) . 0AHaKO OHa AO CHX nop 

He npoaeAeHa. B 3TOM )f(e naparpa<t>e Mbi orpaHH'IHMC.II Ka'!eCTBeHHbiM aHanH-

30M llOBe)J;eHH.II CB H on 3a noporoM HeycTOH'IHBOCTH <DMP. Y'IHTbiBa.ll, 'ITO 

HHTerpanbHb!e xapaKTepHCTHKH CHCTeMbl nB ManO 'IYBCTBHTenbHbl K KOHKpeT­

HOMY BHAY K03<t><l>HUHeHTOB Vok . Sok H skk'' 6yAeM C'IHTaTb, 'ITO Vok. 
Sok = const. TorAa AnH npoueccoa nepaoro nopHAKa H3 (19.1) nony'IHM 

N, = [V~,n0 -'YiJ112 / 1Sul , 
(22.8) 

sin( 1/1, - l/lo/2) = 'Y( v~, nor 1
'
2

• 

,llri.11 npoueccoa BToporo nopHAKa aHanom'!HO : 

N 1 = [S~,n~ --yi] 112 /1Sul. sin(l/1, - l/1 0 )=-y,/(S0,n0 ) . (22.9) 

3Aec& N1 - HHTerpanbHa.ll aMnnHTyAa napaMeTpH'!ecKHX CB, Vok = V0 , 

So,= S 0 k,S 11 -cpeAHee3Ha'!eHHeSkk'· 
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22.2. fipol\eCCbl nepsoro nopJIIl;Ka. Crau.HoHapHoe perneHHe ypasHeHHH 
(22.2) , (22 .8) ,ll,llH On HMeeJ BH)l 

a0 ( w- wp + i;;y) = h U, 

B KOIOpOM W- "J<jl<jleKTHBHaR:" IJ3CTOT3, r - 33TYX3HHe On: 

w=wo +2Too laol 2 +2ToiNI - SIIN?/21aol2
, 

1 = 'Y + 'Y 1 N tf2 no . 

(22.IO) 

(22.II) 

3necb T0 1 - cpe)J;Hee JHaiJeHHe T0 k . Tenepb Mbi HMeeM nonHyiO cHcreMy ypaB­
HeHHH (22.8), (22.10), He06XO/lHMYIO ,ll,llR: BbliJHcneHHR: CT3.UHOH3pHOrO pe)!(HM3 . 
.llnJI )lanbHeHrnero l\enecoo6paJHO JTH ypasHeHHR: c)lenaTb 6e3pa3MepHbiMH, IJTO 
fi03BOnHJ nerqe Oll,eHHTb OTHOCHTenbHYIO BenHIJHHY paJnHIJHblX IJneHOB. BBe/J;H 
c :noH u.enb!O cneny10IUHe 6eJpa3MepHbie senHIJHHbi: 

xo=no/nc, x1=Nt!nc , nc=rt!V~I . ~=h/h1, 

h1="fo"ftfUVo1, o=(wo - wp)/ro, (22.12) 

e=2roS1t!VJ1, a=(Too/SII)('YI/ro)2
, b=2Toi'YtfSII'Yo. 

Mbi npHBO/lHM HCXOilHbie ypaBHeHHR: K BHAY 

'Y1I e lx1 =2ro(xo- Iil2
, (w0 +:Y 2 )x0 = ~2 r~. 

r2 =r5[I+(xo - Ii12 /lelxo]. 

W/ro = o- (xo- I)/exo + b(x 0 - I)112 + eax 0 . 

(22.13) 

3TH ypasHeHHR: CO)lep)l(at Manbrn napaMeip I € I~ rfwM ~ 10-3 .;. 10-4
, KOTO­

pblH B reopHH, He y'IHTbiBa!OIUeH CB - CB-BJaHMOAeHcTBHR:, nonarancn paBHbiM 
HYniO. 

IloeeoeHue ooHopooHou npeijeccuu e pe:JoHaHce. KaK cneeyer H3 (22.13) , 
3MIU1HJY)l3 Xo M3KCHManbH3 npH w= 0 H Onpe)lenneTCH ypaBHeHHeM 

(x 0 - I)112 +I € I x 0 = e~(x 0 ) 1 1 2 . (22.14) 

BBHey ManocrH € perneHHe Jroro ypaBHeHHR: HMeer ABe xapaKrepHbie o5rracrH: 
"ManbiX npeBbillleHHH" I e I ~ ~ I , B KoropoH 

Xo =(I+ €2 er1, X1 = 2(~- I)ro/r1, (22.1 5) 

H o6nacTb "6omnmx npeBbtllleHH:H" I e I ~ ~ I , B KoropoH 

xo=(I-e2 ~2 r1 • x1 =2ror11 (~-I)[I - e2 ~2 r1 . (22.I6) 

3rH coorHorneHHR: cnpaBe,ll,llHBbiilO rex nop, noKax 0 <I e 1-2 13. npH ocranb­
HbiX npeBbillleHHR:X, KaK cne)lyer H3 (22.14), On IJ;On)I(Ha pacrH no nHHeHHOMY 
33KOHy (x 0 ) 1f2 = ~ (pHC. 22.1), OIJ;H3KO npH JTOM Mbl BCrynaeM B 00rr3CTb 
Xo -1 € ~-I, B KOTOp0H HCXOIJ;Hble ypaBHeHHR: (22.3) repR:IOT CHny. 

(/JopMa pe:JoHaHcHou Kpueou. Kor)la TO'IHbrn pe30HaHc orcyrcmyer HnH 
HeBOJMO)I(eH , ycnOBHe nopora HMeeT BHA 

~ = ~c =(I + 02 )1/2 . 

fipH ~ ~ ~c ~ I € I nony'IHM HJ (22.13) coorHorneHHe 

Xo =I+ €2(~2 - 82)/(1- o€)2, (22.17) 

Koropoe sepHo AO rex nop, rroKax 0 <I € 1-2 13. CoorHorneHHe (22.17) yK33bi-
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-2,0 -1,0 

pH C. 22.1. 3aBHCHMOCTh aMIInHTYAbl OAHOpOJJ;HOit npeueCCHH X 0 = n 0 fnc H CllHHOBbiX 

BonH x 1 = n 1 Inc OT 6e3pa3MepHolt MO!IlHOCTH HaKa'IKH P = (hfhth) 2 A1Ili npoueccou nepuo­

ro llOpliJJ;Ka. lUTpHXOBbiMH JIHHHliMH o6o3Ha'leHa o6naCTb, B KOTOpOit TeOpHli TeplieT CHJIY 

PH C. 22.2. <JlopMa pe30HaHCHOit KpHBOit npH 6o1!bWOM ypOBHe MO!IlHOCTH A1Ili npoueCCOB 

n epuoro nopliAKa e 2 p = 2/3 

saeT, 'ITO B npe,uene 6onblUHX ~ aMnnHTy,ua On pacTeT no JTHHeHHOMY JaKOHY 

I e I (I + 82 )1/2 ~ 
(x o) 1/2 = _ ___:. __ :....__ 

I I - eo I ~c ' 

npW!eM B,UaJTH OT pe30HaHCa , KOr,Ua ( 1 - €0)- 1, K03cpcjnru.HeHT nponopUHO­
HaJTbHOCTH 6JTH30K K e,uHHHUe , T.e. no nOpHAKY BeJTJ.il·iHHbl TaKOH )l(e, KaK H 

B JTHHeHHOM pe)I(HMe. <l>opMa pe30HaHCHOH KpHBOH <l>MP CTaHOBHTC.II nOH.IITHOH 
noCJTe TO)I(,UecTBeHHOro npeo6pa30BaHHH (22.17) K BHAY 

[ ( €~l -0 )2] 
xo= 1 - €

2 
1 - €0 [1 - (e~ir' . (22.18) 

Mbi BHAHM, 'ITO peJOHaHcHoe JHa'!eHHe x 0 onpe,uerr.ReTc.R cpopMyrrou (22 .16) 
H .uocrnraeTCH npH ope3 = €~2 , 'ITO COOTBeTCTByeT yCJToBmo <I>MP Ja noporoM. 
PeJoHaHCHa.R KpHBa.R (22.16) , HJo6pa)l(eHHa.R Ha pHc. 22.2, cyruecTBeHHO omH­
'!aeTcH OT HOpMaJTbHOH KpHBOH 06bi'IHOrO <l>MP. norrylliHpHHa KpHBOH Ha norro­
BHHe BbiCOTbi (cnpaaa H crreaa OT pe30HaHca) pasHa 

o± =ope3 ±o112 = ± [1 - (en2]/(e(Vf+ I)), 

TaK 'ITO OTHOllieHHe o+fo _ = - 6. 
He.nuHeuHaR eocnpuu.M'IUBOCTb. 113 (22.6) H (22.1 0) MO)I(HO norry'IHTb 

x = 2Ua0 /h = 2 U2 /(c';) - i.y). (22.19) 

B 6eJpa3MepHOM BHJJ:e 

, w Xo " ;y Xo ) 
X = X0 ---:;- i2 , X = Xo 'Yo ~ 2 , (22.20 

r.ue Xo = 2U2 f'Yo - pe30HaHcHa.R BOCnpHHM'IHBOCTb on K nonepe'IHOMY CBlJ 
nomo B 1IHHeil:HOM pe)I(HMe . PaccMoTpHM Tenepb noae,ueHHe HeJTHHeHHbiX aoc­
npHHM'IHBOcTeii B,UaJTH OT pe30HaHCa (o ~ 1), T.e . B 06JTaCTH OOnOI!HUTel!bH020 

105 



no2/lo~eHUJl. 113 (22.17) H (22 .20) 

x" = xo(~2 
- o2 i12 /(~ 2 I 1 - eo I), ~ - ~c ~ I e I. (22 .21) 

Orcw)l;a, B '!acrHocrH , crre)l;yer , 'ITO Ja noporoM x" pacrer no rrHHeiiHOMY JaKoHy 
H )l;OCTHraer MaKCHMYMa: 

X~ax = xo/(2o I 1 - eo I) (22 .22) 

npH ~ =y2o R::< v'2~c · Cna11: x" npH 6orrbruHx npeBblllleHHHX corrracHo (22 .22) 
npoHcxo)l;Hr no JaKoHy ~- 1 . BemecrneHHaH qacrb HerrHHeiiHoii aocnpHHM'IHBO­
crH H3MeHHeTCH B cymecrBeHHO MeHee lliHpOKHX npe)l;eJiax . 113 (22.16) H 
(22.20) norry'!HM 

x' = Cxo/o)(I +(1 - o2 te)/(eo - 1)], ~ ~c ~ 1. (22 .23) 

B reopHH, He y'IHTbiBawmeii CB - CB-BJaHMO)l;eiicrBHH, e = 0 H x' corrracHo 
(22.23) y6biBaer 11:0 HYJIH KaK ~-2 . Y'!er CB - CB-BJaHMOAeiicrBHH paAHKa1IbHO 
HJMeHHer nor peJyrrbrar : npH 6orrblUHX npeBbimeHHHX x' ~ Xoe/ I 1- eo I, r .e. 
BOCnpHHM'IHBOCTb no nopHAKY BeJIH'IHHbl raKaH )f(e , KaK )1;0 nopora. 3tHM 
061>HCHHeTCH TO , 'ITO <Pa30Bbie nOCTOHHHbie <PeppHTOBbiX CBq npH6opoB npaK­
TH'!eCKH He 3aBHCHT OT ypOBHH MOlUHOCTH (A.f . fypeBH'I [7)) . 

22.3. llponeccbi Broporo nopH,llKa. flocrynag raK )f(e, KaK H B npe)J.bip;ylUeM 
p33)l;eJie, H3 ypaaHeHHH (22.3) , (22.4) H (22.7) norry'IHM CHCTeMy ypaBHeHHH 

p 

~~ ~~ I i (22 .24) 

PH C. 22.3. 3aBHCHMOCTh 8MllnHTYU OUHOpOUHOR 

npeueCCHH X 0 H CllHHOBbiX BOnH X 1 OT 6e3pa3-

MepHoR MOIUHOCTH HaKa'IKH P = h 2 /h~h UIVI 

npoueccoa BToporo nopllnKa 

N dnc , TOJibKO renepb noporoaaH aMnrrHryAa nc = r 1 I I S0 1 I H BMecro Marroro 
napaMetpa e B ypaBHeHHHX CTOHT KOJ<l><l>HIJ,HeHT C = 'Yo S I tf-y1 SO I R::< 1. flocrre)l;­
Hee o6croHrerrbcrBo onpe)l;eJIHer rrry6oKoe pa3JIH'!He Me)f(p;y npoueccaMH nepao­
ro H aroporo nopHAKOB . 

3aBHCHMOCTb pe30HaHCHOH aMnJIHTYil:bl Xo OT ~ onpe)l;eJIHeTCH ypaBHeHHeM 

cx0 + (x~ - 1)112 =c(x0 ) 1 1 2 ~. (22 .25) 
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EcnH He y'IHTbiB8Tb CB- CB·B38HMoneH:cTBHe , TO c = 0 H x~ = 1. B neH:cTBHTenb­
Hocrn )l(e "3aMopa)I(HBaHHH" Oil He npoHcxo}J;HT H y)l(e npH Manblx ~ - 1 aMnnH· 

Ty}J;a X o 38MeTHO OTnHqaeTCJI OT e}J;HHHUbi: 

x~ = 1 + * c 2 (~ - 1) npH ~ - 1 ~ 1. (22.26) 

0Tcrona BH}J;Ho, qro !le y'IHTbiB8Tb CB - CB·B38HMoneH:CTBHe MO)I(HO ronbKO 

B6nH3H caMoro nopora, ~eorna (~- 1) ~ c-1 ~ 1. .D.n.11 npoueccoB nepBoro 

ll0pJI}J;K8 COOTBeTCTBYIOIUee ycnOBHe BblllOnH.ReTCJI B 3H8qHTenbHO 6onee IUHpO· 
KOM HHTepBane HaKaqKH: (~ - 1)~e-1 ·~ 1oJ +104

• IlpH 6onbiUHX npeBbillle· 

HHJIX (~ )>- 1) 

x 0 = [cV(c + 1)] 2 +(c + 1)/(c2 ~2 ). (22.27) 

3aBHCHMOCTHXo(~). x 1 (~) nOKa38Hbi Ha pHc. 22.1. Ha pHC. 22.3 npHBeneHbi 
BbJqHcneHHble C llOMOIUblO 38M no <t>opMynaM (22.24) HenHHeHHbie pe30HaHC· 

Hbie KpHBbJex 0 (o) npH paJnH'IHbiX aMrmHTynax ~ BHelllHero non.11. 
22.4. CpaBHeHHe c 3KcnepHMeHTam.HLIMH pe3YJILTaTaMH. B JKcnepHMeHTe 

A.r. fypeBHqa H C .C . CTapo6HHUa [73] npH HeycroifqHBOCTH BToporo nop.RnKa 
Ha6nronaeTCJI CHnbHbiH poeT aMIUIHTY/l:bi Oil Ja noporoM, qro MO)I(HO paccMaT­
pHBaTb KaK KaqecmeHHoe nonTBep)I(}J;eHHe MexaHHJMa CB - C8-B38HMOAeifcT· 

BHJI. Ha6nronaeMa.R npH 6omiUHx ~ <l>opMa pe30H8HCHOH KpHBOH o6bi'IHO HMeeT 
3H8qHrenbHO 6onee CflO)I(HbiH BHA, qeM H8 pHC. 22.4. Ha KpHBOH HMelOTCJI 

0,5 
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o,z 

o,z 

x'1x; 
,..., 
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: ........ ,J 
I -..., I ........... _ 

I ---
1 
I 2 
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1 5 

3 ' 
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___ 1 

10 

p 

p 

PH c . 22.4 . Hem!HeltHbte pe3oHaHCHbte KpHBbte x 0 (1i) npH pa3HbiX Ha,o;KpHTII'IHOCTliX. · 

Y'lacTKH c oTpHuaTenbHhlM HaKnoHoM HeycTolt'IHBbi 

PH c. 22.5. CpaBHeHHe TeopeTH'!eCKHX H JKcnepHMeHTanbHbiX 33BHCHMoCTelt HenHHeltHbrx 

BOCnpHHM~BOCTelt x"(a) H x'(6) OT MOliiHOCTH H3K3'1KH p = h2 /h'fu: J - TeopHll Cyna 

(e = 0); 2 - Jl<cnepHMeHT; 3 - TeopHll (e = 3 · 1o·•) 
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npoBaJibl, npH HeKOTOpbiX paccrpoHKaX 0 Ha6JIIO/];aiOTCll aBTOKOne6aHH-ti. no 
HallieM}' MHeHHIO, HX npoHCXO)I(,[l;eHHe CBH3aHO C norepeH YCTOH'IHBOCTH. 3ro 
noursep)I(LJ.eHo '!HcneHHbiM JKcnepHMeHTOM c ypasHeHHHMH S-reopHH B.l1. 3a­
KaHLJ.aKOBbiM H C.JI. MyrnepoM. noupo6HO sonpoc o6 aBTOKOne6aHHHX 6yuer 
HJy'leH B rn. 5 p;n11 6onee npocroii cHryauim - napannemHOH HaKa'IKH CB B 
Ky6H'IeCKHX <l>M. 

CpasHHM nony'leHHbie peJynbTatbi c HJMepeHHRMH A.r. fypeBH'Ia H C.C. Cra­
po6HHUa (73) HeJIHHeHHbiX BOCnpHHMl!HBOCTeH X

1 
H X11 

B 3aBHCHMOCTH OT aMIIJIH­
tyLJ.bl HaKa'IKH ~ IIpH HeyCTOH'IHBOCTH rrepBOfO nopH)J.Ka, KOf)J.a On He HaxOp;HT­
Cll B pe30HaHce : 5 :P 1 (pHc. 22.5). Ha 3TOM )l(e pHCYHKe npHBeueHbi reoperH­
qecKHe 3aBHCHMOCTH, Bbi'IHcneHHbie no <J>opMyJiaM (22.21) H (22.23). ~XO)J.ll­
liiHH B ypaBHeHHH reopHH napaMerp e 6bm onpeueneH H3 ycnoBHH paBeHcrsa 
3KcnepHMeHTaJibHOro .11 reopeTHqecKoro 3Ha'leHHH- X~ ax . 0Ka3aJIOCb, 'ITO e ~ 
~ 3 · 1 o-<~, 'ITO no nopHLJ.KY seJIH'IHHbi xoporno cosrrauaer c reopeTHqecKOH 
oueHKOH (eM. <J>opMyny (22.22)). HecMorpn Ha crOJib Manoe JHa'!eHHe, ero 
yqer (r.e. yqer CB - CB-BJaHMOp;eiicrBHH) OKa3biBaer cymecTBeHHOe BJIHHHHe 
Ha xapaKtep 3aBHCHMOCteH x'(n; X"(~). llJIH CpaBHeHHll Ha pHC. 22.5 npHBe)J.e­
Hbl reopetH'!eCKHe JaBHCHMOCTH )J;nll CJiy'laH € = 0, COOTBeTCTBYIOliiHe reopHH, 
y'IHTbmaiOmeii TOJibKO CB - on-a3aHMOLJ.eHcTBHe . 

JBJ\3'13 4.1. 11CCJJe)l.OB3Tb OCHOBHOe COCTOHHHe CHCTeMbl llCB, B KOTOpOM B036ylK)l.eHbl 

ABe rpynnhi nap. 

YK03QHU~. )lJJH npoCTOTbl npeAIIOJJOlKHTb, 'ITO MeCTOnOJJOlKeHHe nepsoJ;! H BTOpoll rpynn 

nap He JaBHCHT OT HRAKpH1aitiHOCTH . Torua B BbipalKeHHll AJJH N 1 (h), N, (h) 6yAYT sxo­

AHTh TOJJbKO BeJJH'IHHbl ')' 1 , ')' 20 V1 , V 2 1 S II 1 S 22 H S 21 . llpH aHan):l3e 3THX BblpalKeHHII 

noneJHO Bbi'IHCnHTh npoHJBOAHbie aN1 I 3h, aN2 / a.h cnesa H cnpasa oT sToporo nopora 

h = h 2 • 0co6oe BHHM3HHe HylKHO YAeJJHTb cny'!aiO S 1 1 · -+ 0, npH KOTOpOM h 2 -+ h th . 
3a,qa'!a 4.2. 06o6WHTb S-TeopHIO Ha "HeCHMMeTpH'IHbiii" cny'lall , KOrAS napaMeTpH­

qecKH B036YlKA310TCH pa3Hble THnbl BOJJH : Wp = Wk + fl._k, HanpHMep, 3BYK H MarHOHbl , 

3JJeKTpOHHbJe H HAepHble MarHOHbl H T.n. 

YKa3aHue. BhiiiHCaTb )l.HaroHanbHbiii no napaM raMHJJhTOHHaH BJaHMoAeJ;!cTBHll, nony­

'!HTb ypasHeHHH AJJH Nk = < I bk 12 
) , nk = ( I Ok I' > H ak = ( akb-k) , c<t>opMynHposan. 

ycnosHe BHeWHell YCTOJ;!'!HBOCTH H nony'!HTb npoCTei!WHe peweHHll 3THX ypasHeHHII . 

Pe 3yJJbT3Tbl MOlKHO CpaBHHTb C pa6oToll B.C . fusosa , A.M. Py6eH'!HK3 ( 154), noCBHWeHHOII 

napaMeTpH'!eCKOMY B036YlKAeHHIO neHrMIOpOBCKHX BOJJH H HOHHOrO 3BYK3 B HeHJOTe pMH­

'!eCKOI! nnaJMe. 
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Oreer. YpasHeHHH "HeCHMMeTpH'!HoJ;!" S-TeopHH : 

(.!__ + 'Yk) nk + Im Pt ak = 0, 
2dt ( _d_ + rk)Nk + Im Ptak 0, 

2dt 

0. 

(22.28) 

(22 .29) 



COOTHOWeHIUI, o6o6waJOwHe <J>opMYJihl (18.18) : 

d 
--(nk 
2dt 

YCJIOBHe BHeWHeA yCTOA'IHBOCTH: 

0. 

(22.30) 

(22.31) 

3aAa'la 4.3. 06o6wHTh S·TeopH!O Ha CJiyqaA, KOrna HaKa'IKOA CJIYJKHT JIJIOCK3JI BOJIHa: 

wp(k) = w(k/2 + k') + w(k/2 - k' ). 

YKa3aHue. UeACTBOBaTh no cxeMe, npeAJioJKeHHOA B Ja,Ua'!e 4.2. Y6eAHTbCJI, 'ITO OTBeT 
cosnanaeT c <J>opMynaMH (22.28) - (22.31) , ecnH nonoitmTh 

nk - { 
0kpf2 +k a;p/2 +k > • 

Nk - < 0kpf2 -k a;p/2- k > (22.32) 

Ok - < 
0
kpf2 +k 0 kpf2 -k > 

H C.UeJiaTb COOTBeTCTBYIOlliYIO 3aMeHy B MaTpH'!HhiX ::meMeHTaX raMHJibTOHHaHa B3aHMQ­
.UeACTBHJI. 

3aAa'la 4.4. B npH6JIHJKeHHH S-TeopHH nonhiTaTbCJI HCCJie,uosaTh cny11aA, Kor.ua MaTpH'I· 
Hbie :meMeHThi raMHJihTOHHaHa sJaHMo,ueACTBHJI Tkl, 23 He JIBJIJIIOTCJI HenpepbiBHhiMH 

<J>YHKUIUIMH CBOHX apryMeHTOB, HanpHMep, 

lim Tk, k1.+1(, k+K, k 1 *· Tkk', kk' . 
1(-+0 ' 

3TO MOJKeT 6b!Tb bhi 3BaHO cyweCTBOBaHHeM .[laiihHO.UeACTBYIOWHX B3aHMO.UeACTBHA B CHC· 
TeMe, HanpHMep MarHHTHoro .[IHnOJihHOro B3aHMO.UeACTBHJI B <liM. 

floJICetiOHUe. Xopowo 6hi noHJITh, JIBJIJieTCJI JIH B noM cnyqae CTauaoHapHoe pacnpe.uene­
HHe CB CHHrynHpHhiM no 1 k 1? Ecrra .ua., To KaK BhirJIJIAHT ycnosHe BHewHeA yCToA'IHBo· 
CTH; eCJIH HeT, TO 'ITO ero 3aMeHJieT? nocrre OTBeTa Ha 3TH BOJipOCbl MOJKHO HaRTH CTal.lHO· 
HapHble peweHIUI noJiy'leHHbiX ypasHeHHA H ony6JIHKOBaTb pe3yJihTaTbl. 

3aA3'13 4.5. HcnoJih3YJI ypaBHeHHe <liOKKepa - nnaHKa, noJIY'IHTb BblpaJKeHHe AJIJI CTa· 
l.lHOHapHoA 4>YHKUHH pacnpe.ueneHHJI nB B npH6JIHJKeHHH S-TeopHH. 

Oreer (A .C.MHxaAnos [ 178)) : 

<l>k= zi;
1 

exp{-

2
'Yk[caicak+a:.ka - k)+2lm( .:~ aka - k)]}. 

a k -IWk +-yk 

(22.33) 

3aAa'la !.6. Hcnorrb3YJI 4>YHKI.lHIO pacnpeAerreHHJI nap (22. 33) Bbi'IHCJIHTb cpe,uHee 

3Ha'leHHe A kAk, AkA - k H AHCnepCH!O 3THX BeJIH'IHH. Y6eAHTbCJI, 'ITO 3TOT JKe oTBeT nony­

'IHTCJI, eCJIH o6bi'IHbiM o6pa30M pacnpe,uerrHTh 'leTBepHhie cpe,uHHe 11epe3 sceB03MOJKHhie 
npoH3Be,UeHHJI napHMX. 
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