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MpencraBneHa Mogenb 415 UCCNELOBaHNS MarHUTOTBEPAOr0/ MarHNTOMSrkoro 61UCos BO BHELUHEM MarHUTHOM
none metogom MonTte-Kapno. /13y4eHo BnusiHue 3HauyeHUii KOHCTaHT OOMEHHOrO BHYTPUCIORHOMO U MEXCOM-
HOro B3aMMOAENCTBNIA MarHUTOTBEPLAOrO 1 MarHUTOMSITKOIO CJIOEB Ha MPOLLECCHI NePEMarHUYBaHNst MarHUTHO-
ro bucnos. MokasaHo, 4To hOPMMPOBaHME CMIVHOBOI MPY>XXNHbI ONPEAENSIETCS, B NEPBYIO OYepesb, BENNYNHON
0bMeHHOro B3aMMOAENCTBMSI B MarHUToMsirkoM cinoe. [ocTpoeHsb! ha3oBble Ararpammbl MarHUTHOro bucnos.
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1. BBEAEHUE

MarauTHble MHOTOCTIORHBIE CTPYKTYPbI, COCTOSIIIE
73 YepeyroNINXCcsi MATHUTOTBEPJIBIX U MACHUTOMST-
KHX CJIOEB, IIPEJICTABJIAIOT CODON YHUKAJbHDBIE CHCTE-
MBI W BBI3BIBAIOT OOJIBIION WHTEPEC y UCCae0BaTe e
[-'_]H_l-ﬁ] BriepBble U3roToBjIeHIE MArHUTOTBED/IBIX /Mar-
HUTOMSITKIAX T€TEPOCTPYKTYP OBLIO TPEJIOKEHO B pa-
6ote Kuemrepa n Xasura I:_]:] Takue MaTepuabl mMoJTy-
YU HA3BAHWE OOMEHHO-CBSI3aHHBIX WM OOMEHHO-YII-
pyrux MarHuToB. Biarogapsi 0OMEHHOMY B3anMOJIeii-
CTBUIO MEXKJIy MATHUTOMSITKIAM CJIOEM, XapaKTepUu3yo-
MUIMCsT OOJTBITTIM 3HAYE€HUEeM HAMATHUYIEHHOCTH HACDHI-
IeHNsT, 1 MATHUTOTBEP/IBIM CJIOEM, 0018, TATONTIM AHH-
30TPOIHEll THTIA «JIETKAsT OCh», JAHHBIE CTPYKTYPBI OT-
KPBIBAIOT BO3MOXKHOCTD JIJIsI YBEJINYICHHsT SHEPTreTHIe-
cxoro nponsseerns (BH )y [1,3], 1 B HEX Bo3HUKaET
DS/l HEOOBIYHBIX SIBJICHUIT, TAKNX KaK (hOPMUPOBAHIE
BO BHEIIHEM MaTrHUTHOM II0JI€ OJJHOMEPHOI reTepodas-
Hoii crimroBoit mpyskuier [B)]. Tarske Gosbiime Ha, e bt
BO3JIATAIOTCs Ha MAIHUTOTBEP/IbIE / MAIHUTOMATKHE I'e-
TEPOCTPYKTYPHI B CBETE MX MPAKTUIECKOTO MPUMEHe-

* E-mail: taaev89@mail.ru
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HUS: U3-3a BO3MOXKHOCTU MHTEI'DUPOBAHUA B pPas3/idy-
HbIE 3JIEKTPOHHbBIE YCTPOHCTBA.

Ha nostyuenue njieabHbIX U MOJIXO/SAIIIX MATHAT-
HBIX TETEPOCTPYKTYD BJUSET MHOTO (PaKTOpOB (IIme-
POXOBATOCTH MHTEPMENCOB, epPeMeNnInBaHue aTOMOB B
uporecce pocra u ap.). Crpykryprbie jedeKTbl Mo-
IyT Ka4eCTBEHHO M3MEHHTh MAarHUTHOE IIOBEJ/IEHUE U
JIOJIZKHBI OBITH aJeKBATHO yITEHBI [IPU WHTEPIIPETAIIAN
9KCIIEPUMEHTAJIbHBIX JIAHHBIX. Bee 9Tu TpyaHOCTH T0-
JIyYEHUsS U UCCJIEOBAHUS MAIHUTOTBEPJIbIX /MAIHUTO-
MSATKUX F€TEPOCTYKTYP MOXKHO IIPEO0JIETH, €CJIN IIPO-
BOJUTH YUCJCHHBIA SKCIIEPUMEHT C HUCIOJIB30BAHUEM
BBICOKO3(] dekTuBHBIX MeTo0B Monte-Kapio [:_1-6] B
HEJIABHUX paboTax [:_izz,:_l-ﬁ_;] IIPEJICTABJIEHBI PE3YIBTATHI
UCCJIEIOBAHUSI TEMIIEPATYPHBIX 3aBUCUMOCTENH TepMO-
JUHAMAYECKUX [MapaMeTPOB M KPUTHIECKOTO IOBEe-
HUsI MarHUTOTBEPIOT0,/ MArHUTOMSITKOIO OUCJION MeTO-
nom MonTe-Kapio. Ha TemMmeparypHbIX 3aBUCHMOCTSIX
TEII0EMKOCTH U BOCIIPUUMINBOCTU OOHAPY2KEHBI IBOTI-
Hble MAaKCHUMYyMBbI, KOTODBIE SBJISIIOTCS Pe3yJbTaTOM
ABYX (DA30BBIX I1€PEXOJIOB, ITPOUCXOMIANINX B CHUCTEME
[:_l-j] C 1mOMOMIBI0 COOTHOIIEHNsT KOHEYHO-Pa3MEPHOTO
CKeflTmHTa ObLIN PACCYUTAHBI CTATUYECKNE KPUTHUIeC-
KHe WHJEKChI TeIJIOEMKOCTH (v, HAMATHUYICHHOCTH [3,
BOCIIPUUMYUBOCTH Y U PAJINYCA KOPPEJISIIUT I/ [7_18], KO-
TOPBIE XOPOIIIO COIVIACYIOTCS C TEOPETUIECKUMU IIPE/I-
cxkasanusamu 1yt X Y -mozern. B pabore [19] 6bi10 nzy-
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YEeHO BJIUSHNE Ha TIPOIECCH MTePEMArHNINBAHUS Mar-
HUTHOTO OHMCJIOS MArHUTOMSITKON dasel. OOHapyKeH
nepern® Ha TETJE TUCTEPE3uca JJIsi MarHUTOTBEP.IO-
ro/MarHUTOMSIIKOIO OMCJI0s, KOTOPbIil CBs3aH C [0Be-
JeHUEM MarHUTOMSITKOTO CJIOSI BO BHEIITHEM MarHUTHOM
oJie.

Hacrosmas pabora mocBsimeHa nccaeI0BaHnuio BII-
SIHUsI BEJIMYIMH KOHCTAHT OOMEHHOI'O BHYTPHUCJIOWHOIO
1 MeXKCJOMHOTO B3auMOAeficTBUIT MarHUTOMSTKOTO U
MarHUTOTBEPIOrO CJ0EB Ha, MPOIECCHl TepeMarHnInBa-
HUS MOJEIM MAIHUTOTBEPAOIO/MAIHUTOMATKOIO OHC-
JIOS.

2. MOJIEJIb I METOAUKA

HNceneoBanie MarHUTOTBEP/IOIO, MAIHUTOMSITKOIO
6ucaos (Sm—Co)/Fe meTomamu mecchayspOBCKOii Criek-
TPOCKOIIUH TI0KA3aJI0 OOMEHHO-YIPYroe YHOPsI0YeHne
MATHUTHBIX MOMEHTOB B TLTOCKoCTH cuctembr [13]. TTo-
STOMY JJIsl UCCJIE/IOBAHIS MATHATHBIX CBOHCTB MarHU-
TOTBEP/Or0/ MATHUTOMSTKOIO OUCJIOS 0] JIEHCTBHEM
BHEIIHEI0 MATrHUTHOI'O TI0JIsI OBLIA HCIIOJB30BaHA MO-
JeJTh I:_l-Z'rQ-(_i], 0600TIaoIAsT CTAHIAPTHYIO X Y -MOJIE/Th.

TaMuIbTOHUAH MOJIE/IN [IPEJICTABIICH B BH/IE

H

1 xr xr xT
-3 Z J(SFSy + S8YSY) — Z K(8%)? -
1,] 2
—gn Y (H3S7 + HYSY), (1)

rJe mepBast CyMMa YIUThIBAET OOMEHHOE B3anMOIeHCT-
BHE KazKJI0I0 MarHUTHOIO aToMa ¢ OJImKailimmmu coce-
JgMA BHYTPH c1oes ¢ J = Jpqrq 1 J = Jsof¢ cOOTBET-
CTBEHHO B MATHUTOTBEPIOM U MATHUTOMATKOM CJIOSIX 1
MEKCJIOWHOE B3anuMOJIeicTBIE ¢ TapamMeTpoM J = Jiny;
BTOpasi CyMMa YUYUThIBAET BKJIaJ[ AHK30TPOIIMU B SHED-
ruo cucrembl, K = Kpqrg 1 K = Koy — KOHCTAH-
TBI AHU30TPOINHA COOTBETCTBEHHO MATHUTOTBEPIOTO U
MarHUTOMSITKOI'O CJIOEB; TPEThs CyMMa — BKJIa/l BHEIII-
HEro MarHUTHOIO II0JIsi B SHEPIUIO CUCTEMBI, § & 2 —
dakrop Jlange, p — marneron Bopa, H;'Y — npoek-
nuu BHemHero Marautaoro nosst Ho, S;Y — npoexuun
ciuHa S;, JIOKaJIN30BaHHOIO Ha y3ue 1, |S;| = 1.

MBI UCIIOJIB30BAJIN CJIEYOIIE 3HAYEHUs [TapaMeT-
poB: Jeopt = 0.2-1.0, Jpera = 0.1-1.0, Jipe = 0.2-1.0,
Khara = 0.001, Ksof¢ = 0. B ramuisronnane @:) 3HaYe-
HUsE OOMEHHBIX KOHCTAHT M KOHCTAHT aHU30TPOIUHU ObI-
JI HOPMUPOBAHBI K Jg. YTOJI MEXKy BEKTOPOM BHEIII-
HEro MarHUTHOTO TOJIS U OCHhI0 AaHU30TPOINNA MATHUTO-
TBepioro c1ost pasen 177°. Takoe nampas/enne BbiOpa-
HO B CBSI3U C T€M, YTO I[P CTPOrO aHTHUIIAPAJLIEIbHOMN
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OPHMEHTAIINN HAIIPABJIEHUSI MATHUTHOT'O TIOJISI HE TTPOUC-
x0T 00pa3oBaHUe CIMHOBON IIPYZKUHBI EZ,:_I-Q:] Mar-
HUTHBIE MOMEHTHI ATOMOB MAarHUTOMSITKOTO W MAarHU-
TOTBEP/IOTO CJIOEB PACIIOJIOXKEHBI B y3J1aX MIPOCTOM Ky-
OUYECKOil pereTKn.

Pacdersr mpoBomunch Jjist MOJEIN MATHUTHOTO
oucsost (-14') CTaHIapTHLIM ajroputMoMm Merporosmca
merosa Monre-Kapiio [:_2-1:] JUIsI CUCTEM C JINHEHHBIMHU
pasmepamu L, X L, x L., npu Temneparype T' namHo-
ro umxe T.. Bross nanpasienuit x u y JuHEHbIE pa3-
MephlI cucTembl ObLmi pasubl L, = L, = 50, a B1ominb
ocu z — L, = 100, 1. e. paccMaTpuBaJ/iach MOJEb TPU
TOJIIIIUHE MATHUTOTBEPJOrO0 U MATHUTOMSTKOTO CJIOEB
o 50 aroMHBIX cjoeB. B mporecce sxcuepumeHTa co-
Beprmaioch 10 5 - 105 MK-maros/crmn u IpoBOIAIOCH
YCPeJIHEHNE TePMOJINHAMUIECKIX IapAMETPOB.

st ycTpaHeHust BAUSHUSA TPAHUIHBIX 3D HEKTOB
[IPU MOJICJIMPOBAHNN MAKPOCUCTEM, COJIEPIKAIIIX CPAB-
HUTEJbHO HEOOJIBINOE HUHCIO YACTHUIl, HCIOJIb3YIOTCS
TaK HA3BIBAEMBIE MIEPUOIMIECKIE IPAHUTHBIE YCJIOBUS
(TITY). B CIOXKHBIX CHCTEMAX TO MPOCTO O3HATAET
oroxjiecTeierne (n + 1)-ro ciost (CrmHA) ¢ HEpPBBIM.
IIpu sTOM HE BO3HUKAIOT CBOOOIHBIE I'PAHUIIBI U CTEH-
k. B mameit momenun mor BBogmau III'Y B nByx na-
npaBjieHusX (BIOJIb HAIPABJICHUH & U y), 4TO0BI pe-
3yJIBTAT MOJEJINPOBAHUS HE 3aBUCEI OT PA3MEPOB KOM-
nbroreproit Mosesu [[9]. Basucumocts TepymomHHAMY-
9eCKUX apaMeTpPOB OT Pa3MEpPOB CHCTEMbI IIPUBEIEeHA
B paborax [1%,18].

B mporecce 9HCIEHHOTO 9KCHEPUMEHTA IIPOBO/TU-
JIOCH HADJTIOJICHIE 32 HAMATHUIEHHOCTBIO BCEH CHCTEMBI
M, ee upomonbnoit M,,g u nonepeunoit My,.q, KOM-
[TOHEHTAMM, a TAKXKe 38 HAMATHUIEHHOCTSME KaXKJI0TO
J-T'0O MarHUTHOIO MOHOC/I0a M;:

LN
M=(=>8), (2)
i=1
Miong = M cos v, (3)
Miyan = M sin «, (4)
1 Ly XLy
M; = i )

J

e N — 91CJIo aTOMOB, (v — YT'OJT MEK/Ty HAIIpaBJICHU-
€M BEKTOpa HaMal'HUY€HHOCTHU M u ocbio AHU30TPOIINN
MAarouTOTBEPAOroO CJIOdA THIIA <«JIETKad OChb». YrjioBbie
CKOOKI O3HAYAIOT yCPEJHEHUE 110 aHCAMOIIIO.

3. PE3VJIBTATHI NCCJIEJOBAHUNS]

st
CTPYKTYD

MarHUTOTBEP/IBIX / MATHUTOMATKIX
CyHIECTBYIOT JiBa XapaKTEePUCTUYECKUX

rerepo-
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Nccnegosarne BANSIHNA KOHCTAHT OOMEHHOrO B3aUMOAENCTBIS. . .
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Puc. 1. Kpuneble nepemarHu4nBaHns MOAENN MarHUTOTBEPLO-
ro/MarHNTOMsrkoro bucios Npu PasiMyHbIX 3HAYEHNSIX KOH-
CTaHTbl obMeHHoro napametpa Jhard

3HAYEHWs] BHEIIHEro MarHUTHOTO mojd He, u Hipp.
Bemuuuna H,, 3HaYeHNe MATrHUTHOTO TIOJIsA, TIPH
KOTOPOM MATHUTHBIE MOMEHTBI aTOMOB MATHUTOMSIT-
KOTO CJIOSI HAYMHAIOT BPAIAThCs IO BO3AEHCTBHEM
BHEIITHEI'O MATrHUTHOI'O II0JIsI, KaK B CTeHKe bJoxa.
Yewm Boirie 3Havenne H,, TeM 60jiee BbIMyKJias OyaeT
KpuBas pa3MArHUYUBAHUSA U, COOTBETCTBEHHO, TEM
OoJtbIlie  OyeT 3HAYMEHWE JHEPTeTUIeCKOTO MPOU3-
segenust (BH)maz; Hirr KPUTHYECKOE 3HAYCHNE
MarHUTHOT'O TIOJIsI, BBIIIE KOTOPOT'O CIIMHOBASI IIPY KUHA,
paspyIaeTcsd #W BCe MATHUTHBIE MOMEHTHI aTOMOB
CTAHOBATCS TAPAJIICTHHDI
MaArHATHOTO TOJIA. YYaCTOK Ha KPHUBOH IepeMariu-

H;,, aBisercs

HaIlpaBJIEHUIO BHEHNIHEIrO

auBaHus B unrepsasie He, < Hy <
obpaTuMBbIM, W Ha 3ITOM ydYacTKe o0pa3yercs TakK
Ha3bIBaeMasi CIMHOBasi IPyKuHA. [Ipu BBIKIIOYEHUH
BHEIITHEI'0 MATHUTHOTO I0JIsi HAIIPABJIEHNE MAIHUTHBIX
MOMEHTOB ATOMOB BO3BpAIAETCSI B IEPBOHAYATILHOE
[IOJIOYKeHNEe U HAMAIHUYIEHHOCTHb OWCJIOS CTAHOBUTCS
PaBHOHI OCTATOYHON HAMArHUYEHHOCTHU.

Ha puc. :1: MIPUBE/IEHBl KPUBBIE TepPeMarHUINBa-
HUsL MOJIEJIM MArHUTOTBEPJIOrO/MAIHUTOMSIKOIO Ou-
CJIOSI TIPU PA3JIMYIHBIX 3HAUYEHUAX OOMEHHOTO MapaMeT-
pa MArHATOTBEPIOTO CJOS Jharq. SHATCHUS OOMEHHBIX
KOHCTAHT MArHUTOMSTKOIO CJIOSI M MEXKCJIOHOIO B3au-
MOJIEHCTBUS TPUHUMAJIHN (PUKCUPOBAHHDBIE 3HAYCHUST CO-
OTBETCTBEHHO Jyop¢ = 1.0 1 Jipy = 0.6.

Ha puc. :1: BUJHO, YTO C yMEHbIIEHUEM 3Have-
HUA Jporq KPUTUTECKOE 3HAMEHNE BHENTHEro 01t H .
yMeHbIaeTcsd, a 3Hadenune H., TpakTuiecKu He u3-
MEHsIeTCsl BILUIOTH JI0 3HaYeHuu Jpqrq < 0.2. YMeHb-
[IEHUE BHYTPUCIORHOIO OOMEHHOIO B3aUMOJIEHCTBUS B

MarHUTOTBED/IOM CJIOE IIPUBOAUT K TOMY, YTO TEILJIO-
Bble (QJIYKTYyAIMy HAYUHAIOT JOMUHUPOBATD HAJI CUJIA-
ME OOMEHHOIO B3auMoieicTBus. MarHuTHbIe MOMEHTHI
B MArHUTOTBEPIOM CJIO€ CTAHOBATCH CJIA0OCBI3aHHBI-
MH MEXKJy CODOil, B CBS3U C 4eM, TpeOyercsi MEeHbIee
3HAYEHNE BHEIITHET'O MATHUTHOTO TI0JIsl JJIsi TIepeMarHu-
quBaaus Oucyios. OHAKO CTOUT OTMETHTH, UTO JaKe
NP 3HAYEHUSIX KOHCTAHTHI Jpqrq < 0.2 OucCI0it TposiB-
JISIET JOCTATOYHYIO XKECTKOCTH IO OTHOIIEHUIO K BHEII-
HEMY MArHuTHOMY 110Ji10. Buammo, 910 CBA3aHO € TeM,
9TO B MarHUTOTBEP/IOM CJIO€ 3 CYET OTJIMYHON OT HYy-
JIsl QHU30TPOIHK OOPA3EIN MPOSBJISeT MATHUTOTBEDIbIE
CBOMCTBA [IPU OTHOCUTEJILHO MAJIBIX 3HAUCHUSX OOMEH-
HOrO B3auMOAeHcTBUS Jhqrq-

Ha puc. g [IOKA3aHbl KPUBBIE II€PEMArHUINBAHUS
JIAHHOM MOJIeJI IPU PA3JIUIHBIX 3HAYEHUSX KOHCTAH-
ThI OOMEHHOTO B3aUMOJIEHCTBUST MATHUTOMSTKOTO CJIOST
Jsoft. OOMeHHBIE KOHCTAHTBI MATHATOTBEPJIOTO CJIOA 1
MEXKCJIOWHOTO B3aMMOJIEHCTBUS IPUHUMAJIN 3HAYEHUS
Jha.'rd =04u Jint =0.6.

Kak BugaOo Ha puc. :_2, [P YBEJIMYEHUU KOHCTaH-
ThI OOMEHHOTO B3aUMO/IEHCTBUSI MATHUTOMSTKOTO CJIOST
Jso ¢t KpUTHIECKOE 3HaUEHNE [, BHEITHETO MATHUTHO-
r'o II0JIs YMeHbIaeTcs, a 3Hadenune H.,, npu KoTopoMm
MarHUTHBIE MOMEHTBI ATOMOB MATHUTOMSIIKOI'O CJIOSI
HAYMHAKOT BPAIATHCS, yBeJnauBaercs. llojgoxure ib-
HOe OOMEHHOEe B3aMMO/IeiiCTBIE, KAK N3BECTHO, COOTBET-
crByeT (DeppPOMArHUTHOMY YIIOPSITOYEHUIO, T. €. COCE/I-
HU€ MATHUTHBIE MOMEHTBI CTPEMSITCS OPUEHTUPOBATH-
cs TapaJuIesIbHO JAPYT APyTy. TeMm caMmbiM, yBejndeHune
KOHCTAHTEI J, ¢ TIPUBOJIUT K TOMY, 9TO MAIHUTHBIE MO-
MEHTBI ATOMOB D0JIee YKECTKO CBI3aHbI MEXKTy CODOil 1,
COOTBETCTBEHHO, TPEOYETCs MPUJIOKUTEH OOJBIIYIO Be-
JINYUHY MATrHUTHOTO IIOJIs, 9TOOBI 3aCTABUTH UX Bpa-
MAaThcs. Xapakrepuctuieckoe 3Hadenne H,., pacrer, u
[eTJIsi CTAHOBUTCsI OOJIee BBIIYKJION. Y BeJInIeHne BHY T-
PUCJIOHOrO 0OMeHa IIPUBOJUT K TOMY, YTO B PE3Yilb-
TaTe MOBOPOTA MATHUTHBIE MOMEHTHI MATHUTOMSITKOI'O
CJIOST YBJIEKAIOT 3a CODOil CIIMHBI BCE DOJIBIIErO KOJIMIe-
CTBa COCEHUX MOHOCJIOEB M HAMArHUYEHHOCTH MAarHU-
TOMSATKOT'O CJI0si OBICTPO JIOCTUT'AET HACHIIIEHNUS.

Obpasyercsi Hekoe TOHOOME CIMHOBOI IMPYKUHDI
TOJIIIIUHOM §, KOTOPOE COCTOUT W3 OIPEJIEJIEHHOIO KO-
JITYECTBA MOHOCJIOEB, Y KOTOPBIX YIOJI MEXKJIy BHEIIl-
HUM MArHATHBIM IIOJIEM W BEKTOPOM HAMAIHUYEHHOCTHU
MoHocsios n3Mmensiercs or 0 go 180°. Kpaitaumit Bepx-
HUA MOHOCJION B 9TOU IIPY2KUHE OPUCHTUPOBAH 110 Ha-
HPABJICHUIO 11014, & HU?KHUI MOHOCJION — IIPOTUB 110JIH.
C pocToM BHEITHEro MarHUTHOTO TOJIsI TPYKUHA CMe-
MAETCs K TPAHNIE MATHUTOTBEPIOTO U MATHUTOMSTKO-
ro cioes. Kak TOJIBKO IPy2KWUHA JIOCTUTAET I'DAHUIIBI,
SHEPI'UU BHEIIHEr0 MarHuTHOro 1ojs Hy cranosBurcs
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Puc. 2. Kpusble nepemarHnyneanns Mogenn MarHuToTBEpAOro/MarHMTOMSITKOro BUCOs NpU PasfnYHbIX 3HAYEHNSIX KOHCTaHTbI
obmerHoro napametpa Jsoft

JIOCTATOYHO, 9TO0BI BCE MarHUTHBIE MOMEHTHI aTOMOB
oucos OPUEHTUPOBAJIMCH II0 HAIIPpABJICHUIO IT0JIA.

IMpononbueie Miong u monepednsie Mipq, cocTas-
JIATOTIAE KPUBBIX TT€PEMArHNINBAHUS O0IIe HaMarHu-
qeHHOCTH M MATHUTHOIO OWMCJIOS IPHU PA3IUIHBIX 3HA-
JeHUsIX KOHCTAHTHI OOMEHHOI'0 B3aMMOJIECTBUS Mar-
HUTOMATKOTO €05 Jsof¢ TMPUBEIEHBI Ha PHUC. :_3 Kaxk
ciegyer u3 rpaduKOB, MPOIOJbHBIE COCTABJISIONIAE
Mjong TIABHO yMEHBITAIOTCS, & IOIEPEYHbIE KOMIIO-
HEHTBI My,qn CHaAYAIA BO3PACTAIOT JIO OIPE/IECIEHHO-
ro MAaKCAMyMa U 3aTeM yOBIBAIOT JI0 3HAYEHUs BHEII-
gero mMarauTtHoro nous Hg = Hj,... llogBienne mome-
PEIHOI COCTABJIAIONIEH HAMATHUYIEHHOCTH OOYCJIOBIIE-
HO TeM, 9TO B MATHUTHOM OuCJI0e 00pa3yeTrcs CIIMHO-
Bas TPYXKHUHA, 3aKPYYUBAIOMASICT C TPEIMTOUTUTE/ b
HBIM HalpaBJeHneM (TPIJIOXKEHHOE BHEITHee MArHUT-
HOE TI0JIe CJIErKa, CMEIeHO OTHOCUTEIbHO JIEIKO OCH, 1
BpAIIEHUE MTPOUCXOUT MMPEUMYIIECTBEHHO B OJTHOM W3
Hanpassennii). Takxke Ha puc. :3 BUJIHO, UTO TIPU yBe-
JIT9eHNT 3HAYeHHs OOMEHHOTO TapaMeTpa Jsof: MaK-
CHUMYM Ha KPUBOI MOIEpedHON cocTaBIAomeit My qn
pacrer. Ilpu Hy > H;,,, MAarHUTHBINA OUCIION TTOJTHOCTHIO
TepeMarinIuBaeTCs.

B paGore [19] 6buto mOKazano, uTo OGpasOBamUe
rerepoda3Hoil CIIMHOBOW MPYKUHLI B MArHUTHOM OH-
CJIO€ 3ABUCUT OT TOBEJICHIS MATHUTOMSTKOTO CJIOST BO
BHEIITHEM MArHUTHOM Tojie. [Ipu BK/IIOUeHWN MarHuT-
HOT'O T0JIsT MAIHUTHBIE MOMEHTBI ATOMOB MATHUTOMSIT-
KOTO CJIOSI HAYMHAIOT BPAIATHCSA, KaK B cTeHke BJio-
Xa, ¥ B MarHUTHOM OHCJIOe 00pa3yeTcs OJHOMepHast
rerepodasHas CIIMHOBas MPYKUHA. B CBOIO OvYepeib,
CHUHOBYIO TPY’KUHY MOYKHO MPEJCTaBUTH KaK AHAJOT
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«JIOMEHHOW CTeHKW». KakK mM3BECTHO, MUPUHA JTOMEH-
HOI CTEHKHU J 3aBUCHT OT KOHCTAHTHI BHYTPUCJIONHO-
ro oGmennoro s3ammozeiicrsus: § o< J/2. Ha puc. 4
MMOKA3aHbl YIVIBI TOBOPOTa BEKTOPOB HAMATHUYIEHHOC-
T MOHOCH0eB M), IpH Pa3JIHYHBIX 3HAUEHMAX KOH-
CTAaHTBI OOMEHHOTO B3amMOAEHCTBUS Jyopi. SHAYUCHHIE
BHEIIHero MaruuTHoro nonda Hy = Hiq.. C noMompso
TUX YIJIOB MOXKHO HAOJIIO/IATH JIETATBHYIO KAPTUHY 00-
pa30BaHUs OTHOMEPHO rerepoda3Hoil CIMHOBOII 1IpY-
KuHbl. B paccmarpuBaemMoil MoJiesi mepeMarnnauBa-
HUE BCEl CTPYKTYPDI MTPOUCXOTUT CKATKOM, KAK TOJTHKO
CIIMHBI MArHUTOTBEPJIOTO CJIOS HA TPAHUIE ¢ MATHUTO-
MATKUAM CJIOEM [TOBOPaYUBAIOTCS Ha yroj bosee 90°. B
peanbHBIX OOMEHHO-CBSI3aHHBIX KOMIIO3UTAX KPUTHUIE-
CKO€e TIOJI€ TePEeMarHMIUBAHUS OIPEJIEISTeTCA KOIPITU-
TUBHOW CUJIOM MArHUTOTBEPAOIO CJIOM.

Ha puc. :ff BHU/IHO, UTO YBEJIUYIEHNE OOMEHHOTO B3aM-
MOJICHCTBUS MArHUTOMSAIKOIO €105 Jgof; IPUBOIUT K
YBEJMYEHUIO [IUPUHBI «J[OMEHHO CTeHKH» (CIIMHOBOM
NPY’KUHBI) 0 M, COOTBETCTBEHHO, K POCTY MAKCHUMY-
Ma Ha TIOIepevHoil cocraBiidwonein My,.q, HaMarau-
YEHHOCTH MAIHUTOTBEPIOrO/MAIHUTOMATKOrO OUC/I0A

(puc. 3).

XapaKTepucTHIecKne 3HAUIeHNsT MATHUTHBIX MTOJIei
H;,r 1 He, MBI paccauTann /i BCeX 3HATEHUH 0OMeH-
HBIX [IaPAMETPOB MAarHUTOTBEP/IONO U MArHUTOMSII'KOI'O
cyioeB. Ha puc. §—:_2 MpUBEIEHBI Pa30BbIe TUArPAMMBI
MOJIE/I  MarHUTOTBEPIOr0/ MArHUTOMSTKOIO  BUCJIOS.
JmarpaMMbl TIPEJICTABISIOT COOOM 3aBUCHMOCTU Xa-
PAKTEPUCTHICCKUX 3HAYECHUI MATHUTHBIX mojeit H.,.
u H., or BeIM4YMHLI KOHCTAHT OOMEHHOI'O B3aWMO-
JefiCTBUST MAarHUTOTBEPIOTO Jpqrqg W MATHATOMSITKOTO



XK3T®, Tom 156, BoII. 2 (8), 2019 VlccnepoBaHne BNMAHUA KOHCTAaHT OOMEHHOrO B3aMMOJElCTBUS. . .

Mlong thn
L Ty = 04 ! Jyara = 0-4 L 0.2
|=f=f—¢ 1.0 ar |
0.8 ‘]int =06 f‘mjﬂ Jint =0.6 : e 0.3
<
I verg 0.8F R 0.4
041 Hyy bl v 0.6
- ?\4” f‘ 1 0.6k | 0.8
o - L L | —— 0.2 ' : :
I - [ Jsoft =1.0
- [ 0.3 0.4 4/4.4 s |
! A £ v N 1
04 e 0.4 £ w:ixg::}; |
- —v— AMAAAAS 1] -
o 22 021 mananpitimaseemeens™® Aol
0.8 - IR «/4 ! B . / /‘ 1 N
- : Jsoft =1.0 ok - ey el A El\x‘
—-0.006 -0.004 —-0.002 0 0.002 o —0.006 -0.004 —-0.002 0 0.002
0 0

Puc. 3. Mpoponbhblie Mo, 1 nonepedtble Mypqn COCTABNSIOLLME KPUBbLIX NEPEMArHNYMBAHNS MOLENN MarHUTOTBEPAOro/Mar-
HUTOMSITKOrO BMC0s NPU Pas3NNYHbIX 3HAYEHUSIX KOHCTaHTbl 0BbMeHHOro napametpa Jsoft

Nlayers

100 180°
Jsoﬁ = 0.2 170°
90 160°
150°
0T 140°
0r 130°
120°
60 110°
P 100°

50 === 90°

80°

40 70°

60°

30 50°

20t 40°

30°

10+ 20°

10°

oL —F 0

———— > OcCb JIerKoro HaMarHn4YuBaHUs

Puc. 4. VYrabl nosopoTa € BekTOpa HaMarHUHYEHHOCTN MOHOCIOEB M; MOAENU MarHUTOTBEPHAOro/MarHNTOMsrkoro bucnosi Bo

BHELLHEM MarHuTHoM nosie. [lo ocum opAnHAT OTNOXKEH HOMEpP aTOMHOro C/Iosi MO HanpaBJ/IEHUIO z, CMpaBa Ha LBETOBOI Aua-

rpamMme yKasaHbl yrjibl noBopoTa B rpagycax. CTpenka nokasbiBaeT HanpasJ/ieHNe BEKTOPA HAMArHUYEHHOCTN j-ro MoHocost M.
LLITpnxoBast NMHUS — rpaHnua pasgena MarHUTOTBEPLOrO 1 MAarHUTOMSTKOrO CJIOeB

Jsoft CIIOEB, a TaK¥XKe MEKCIONHOTO OOMEHHOTO B3am- mapaMeTpoB, MPU KOTOPBIX B MarHUTHOM OHUCJI0e 00-
MogeicTBust Ji,. O6/IacTb «IpyKUHA» COOTBETCTBYET  pa3yercs CIUHOBAs MPYKUHA BO BHEITHEM MArHUTHOM
3HAYEHUsIM BHEITHEr0 MAarHUTHOTO MOJisi U OOMEHHBIX  moJjie. Toukm Ha (ha30BBIX KPUBBIX — 3TO XapaKTepU-
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Puc. 5. ®azoBasn gruarpamma 3aBUCUMOCTU XapaKTEPUCTMYHEC-

KUX 3Ha4YeHN MarHuTHbIX noneil Hir, (TemHble KBagpaTbl) u

H., (cBeTnble KBafgpaTbl) OT KOHCTaHTbl OBMEHHOro B3auMo-
OeliCTBMA MarHUTOTBEPAOro cost Jhard

0.2 0.4 0.6 0.8 1.0

Jso ft

Puc. 6. ®a3oBas grnarpamMmma 3aBUCYMOCTU XapaKTEPUCTMYHEC-

KX 3Ha4YeHnli MarHuTHbix nonei H,,., (TemHble KBagpaTbl) 1

H,., (cBetnbie kBagpaTbl) OT KOHCTaHTbI OBMEHHOroO B3anumo-
AeliCTBNA MarHUTOMSTKOro cnost Jgo ft

CTUYeCKNe 3HAYeHUsI MArHUTHBIX 1toJieit Hi.. u H..;
Hy — BHelrHee MaraHuTHOE TIOJI€.

Kpusas #a dhazoBoit quarpamme, COOTBETCTBYOIIAS
3HAYEHUSIM KPUTUIECKOTO MATHUTHOTO 110JIs1 H jypry TIDE-
TepIeBaeT M3JI0M IPU 3HATEHUN KOHCTAHTHI OOMEHHOTO
B3aUMO/IEHCTBUS MArHUTOTBEPIOrO ¢Jiosd Jparqg = 0.5
(puc. '5). BblIe n HUZKE TOUKH H3/I0MA H3MEHEHIE KPH-
BO# 3aBUCUMOCTH KPUTHIECKOTO TI0JIsT H ;7 OT KOHCTAH-
ThI OOMEHHOTO B3aUMOJIEHCTBUSI MATHUTOTBEP/IOTO CJIOST
HOCHUT JInHEHbI XapakTep. CTOUT Tak:Ke OTMETUTD,
9TO TPU YMEHBIEHNN BEJTUIHHBI OOMEHHOTO B3anMO-
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Puc. 7. ®a3oBas grnarpamMmma 3aBUCUMOCTU XapaKTEPUCTMNYHEC-

KUX 3HAa4YeHN MarHuTHbIX noneil Hir, (TemHble KBagpaThbl) u

H., (cBeTnbie kBagpaTbl) OT KOHCTAHTbI MEXC/IOHOrO 0bMeH-
HOro B3anMogmeicTens Jint

JEefCTBUST MArHUTOTBEP/IOTO CJOS Jpqrg XAPAKTEPUCTU-
qeckne 1oy Hip 1 He, CTpeMsATCS K OJTHOMY 3HAte-
HUIO.

N3BecTHO, 9TO BO BHENTHEM MATHUTHOM I10JI€, Ha-
paBJIEHHOM IIPDOTUB BEKTOpa HaMarHUYeHHOCTU Mar-
HUTOTBEP/IOTO CJIOsT, HAMAIHUIE€HHOCTh MarHUTOMSITKO-
'O CJIOS OCTAETCS COHAIIPABJIEHHON 1 1TapaJljieJIbHON Ha-
MaTrHUIEeHHOCTHA MAarHUTOTBEPIOTO CJIOS BILJIOTH JI0 3Ha-
YEeHMIl BHEIIHEro I10JIst [:24:]:

Hew = 7T2Jsoft/2Msoftt27 (6)

rae Jsof¢ — OOMEHHas KOHCTaHTa, B3aMMOJIEHCTBUS
MEXK/Iy CIIMHAMHU BHYTPU MATrHUTOMSTKOTO CJIOsI, { —
TOJIMIHA MATHATOMATKOTO €105, Mg f¢ — HaMarHI9IeH-
HOCTb HACBIIIEHN MArHUTOMSATKOTO CJIOS.

U3 hopmyiib (6) CJIEJIYET, UTO XaPaKTEePUCTUIECKOE
3Hadyenue 1noJig H., 3aBucur JUHEHHO OT OOMEHHOI'O
B3anNMOZEHCTBIST MATHUTOMSTKOTO CJI0s Jooft (Hep X
& Jsoft). B pamkax morpemnoctu 3uadenus He, (cBer-
JIble KBAJPAThl) IPAKTUYECKU JIOXKATCS Ha IPAMYIO
(puc. 6)7 YTO CBUIETEILCTBYET O XOPOIIEM COTJIACUU
HAIIX JIaHHEBIX ¢ dbopmysoir (§).

Kaxk BuHO Ha puc. -'_7:, YMEHBITEHNE KOHCTAHTBI Jjp¢
[IPUBOUT K HE3HAYUTEJHHOMY POCTY 3HAYEHUS KPU-
TUIECKOTO T0JIA H . DTO CBABAHO € TEM, UTO YMEHb-
IeHue 3Ha4eHus KOPOTKOACHCTBYIOMIETIO ME2KCAOMHOIO
0OMEHHOTO TTapaMeTpa MPUBOJIUT K OCIaOJIEHIIO B3au-
MOJIEICTBUS MATHUTHBIX ATOMOB MArHUTOMSITKOI'O CJIOS
C MATHUTHBIMH ATOMAMU MATCHUTOTBEPIOIO CJIOsT Ha
rpaHuile pasjesa, U IPU BKJIIOYEHUN BHEIIHErO Mar-
HUTHOTO TI0JI MATHUTOMSITKUI CJION, KOTOPBIH OBICTPO
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[EePEOPUECHTUPYETC 110 HAIIPABJICHUIO I10JId, HE MOXKET
yBJIeYb 3a cO00IT MArHUTHBIE MOMEHTHI MAIHUTOTBEP/10-
ro cjiost. Xapakrepuctudeckue 3uadennst H, pu aTom
He M3MEHSIOTCS U Ha 00pa30BaHUE CITUHOBOM Py KUHBI
KOHCTaHTa MEZKCJIOMHOI'O B3aUMOJICHCTBUA IIPaAKTUYIeC-
KW HE BJAALET.

4. SAKJIFOYEHUE

WccireioBano BimsiHEE Ha IIPOIECCHI II€PEMAarHU-
YUBAHUS MOJEJU MAIHUTOTBEPIOIO/MATHUTOMATKOIO
OuC/I0s 3HAYEHUNl KOHCTAHT BHYTPHUCJIOHHOTO 00-
MEHHOT'O B3aMMOJEHCTBUS MAarHUTOTBEPIAOTO Jhard,
MarHATOMSATKOTO Jsof; CIIOEB W MEXKCIOWHOTO 00-
MEHHOI'O B3aumMmojieiicTBusi J;,;. IlocTpoenbr Kpusbie
repeMaranauBanns U (Hpa3oBble JUArpaMMBbI I BCEX
3HavYeHnit OOMEHHBIX TapaMeTpoB. B paMkax Harmrei
MOJeJI  TIOKA3aHO, YTO O0pa3oBaHWe OJHOMEPHOI
rerepoda3Hoil CIUHOBON MPYXKUHBI 3aBUCUT CJa00
OT BeJIMYMHBI OOMEHHOrO B3aUMOJIENCTBUS MarHU-
TOTBEPAOTO CJIOST Jpqrd W MEXKCJIOMHOrO OOMEHHOTO
B3aUMOJICHCTBUS Jjpn. POpMUpOBaHTE CIUHOBON TIPY-
JKAHBI B MarHUTHOM OWCJIO€ IIEJIMKOM U IIOJHOCTHIO
OIpeIeJIsieTCsl 3HAYCHNEeM BHYTPHUCJIONHONO OOMEHHOTO
B3aNMOJICHCTBHIA MAarHUTOMATKOTO CIIOs Jyo £y

dunancupoBanue. Pabora BwIosHEHA TIPH DU-
HaHCOBOII mopep:kke Poccuitckoro dhonma yHIaMeH-
TasIbHBIX uccaenoBanuii (rpant Ne18-32-00526).
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