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YIOK 538.1

NEPEXOJ BJIOXOBCKASI JOMEHHAS TPAHHULA —
HEEJIEBCKASl JOMEHHASl TPAHUUA B MATHUTHOM NOJIE

I'. E. Xodenxos

CopMy/HpOBaHO B aHAJINTHYECKOM BHAe YC/AOBHE MHCPexofa GJOXOBCKOH JOMEHHON
TPAHHUE B HEeJEBCKYIO B NEPNEeHAMKYJSPHOM ILIOCKOCTH TPAHHILI BHEIIHeM OXHOPORHOM
MArHHTHOM TOJIe; TOJYHYeHb fBHbIe (OPMYJbl mepexosia B ciaydyae GOMBUINX H MaibX ¢ak-
TOpOB KadecTBa (peppomarierHka. [puvMeHenne pe3ymbTatoB K CKPYYeHHOil AOMEHHOW rpa-
HHIle NMO3BOJIAET YTOYHHTb (MOHM3NTb) 3HAueHHe NMUKOBOH ckopocTH CJOHYEBCKOrO.

B 10CTAaTOYHO CHILHOM BHEUIHEM OJXHOPOJHOM MAarHHTHOM IIOJIe, NpH-
JIOXKEHHOM TepHeHAHKYISPHO IJIOCKOCTH JoMeHHoii rpamuusl (IT), 6ao-
xoBckasg AT (BAT) monkHa nepexoputs B Heeaesckyio AT (HIAT). SIsubie
aHaJIUTHYECKHE (OPMYJIbI, Onpeje/dione yCJA0BHS 3TOTO Ilepexoja, B Ha-
cTosilee BPeMs OTCYTCTBYIOT; CB3b mapaMeTpoB deppoMarHeTHKa C BeJH-
YHHON BHEIUHEro MarHHTHOTO NOJI B TOUKe Nepexoja yCTaHaBJIHBACTCA MPS-
MBIM UHCJICHHBIM pelllenHeM ypasHenuil Jlaugay — JInpuua [1].

Ha ocrose ananusa ycroiunsoctn HIT Huxke QOpMYyJHPYeTCs aHAJIHTH-
ueckoe ycnosne mepexona BT — HIT ¢ uenbio onpeiesenus co0CTBEHHOrO
sHauenus sagaun Illrypma — JInyBu/iast, npu KOTOPOM COOTBETCTBYIOMIHH
KBaJlpaTHUHbI (YHKIHOHAJ CTAHOBHTCSA OTpHUATeJbHBIM. [TosyueHo sBHOe
peluenye 3ajaun A cayyaes GOJMbIIMX W MaJbiX (akTopoB KauecTBa (OT-
HOIIEHHS MJIOTHOCTH SHEPIMM aHM3OTPOIHMH THIIA OChb JIErKOrO HaMarHHYHBa-
Hug (0JI.M.) K MarHHTOAHMIOJBHON 3Heprun). B mepBoM ciyuae pesyabTaT
yrounser dopmyay nepexoga BT —HIT, usBecTHyi0 M3 BapHalHOHHOM
Teopun CJIOHYEBCKOro, OmHpalomleiicss Ha GoNblIyio BeMHYHHY (aKTopa Ka-
uectBa [2].

B nienke, BHIIOJIHEHHOH #3 MaTepHana ¢ GoJplINM (HAKTOPOM KauecTa,
JIOMEHHBIe TpaHHUbl ABAAIOTCSH CKpyueHHbiMH [3]. TIpu ouenke mpenenbHO#
cxopocTH npoasuxkenus rakoit I (mukoBoit ckopoctn C/IOHUEBCKOro) cy-
LECTBEHHYIO POJIb HMEET IOJIOXKEeHHe MecTa Ilepexo/la OT HeeJeBCKOro yyact-
Ka K 6JoxoBckoMy [3—5]. IlpuMenenHe pe3y/bTaToB HacTosimleH paGoThl
K ckpydeHno#t [II' mosposfer NOMydHTh YJYYlUIEHHOE 3HAYEHHE HHKOBOH
ckopocta I B LIM]] matepuanax.

Pesynbratel nameit paborst no mepexoay BAT — HIT xopouro coryacy-
10TCS ¢ HMEIOIUMHCA B [1] UHCACHHBIMH JaHHBIMH. YTOUHEHHE 3HAYeHWs
nuKOBOH cKopocTH CJIOHYEBCKOTO COTVIACYeTCH C Pe3yJibTaTaMH SKCIepHMeH-
TaJIbHOTO H3MepeHHs paanaibHoit ckopoctn LIMJI [6]. IMToauepkuem, uTo
nonyuennsie gas LIMJI MartepuasioB nonpaBKH JeXaT BHe PaMOK BapHalli-
oHHOM Teopn# CyTOHYEBCKOro [2, 3] M CTAHOBSITCS CYLIECTBEHHBIMH IIPH OT-
HOCHTeJbHO HeGOoJbUINX 3HAaueHHAX ¢akTopa KayectBa (<5) MaTepHasoB-
HocuTeselt LIM]I, yacTo HCIOB3yeMBIX B TeXHHYeCKHX pa3paboTkax.

PacemorpuM miockyto (x0z) JI' B 0iHOOCHOM (eppoMarHeTHKe C O.JLH.
Brosb 0z. Tlomoxenne BeKTOpa HaMarHHUEHHOCTH M onpexesHM MOJISPHBIM
yraoM 0 mexay M u ocbio Ox, pacnonoxensoii B miockoctu T mepnenmn-
KYJASIPHO OJI.H., H a3HMYTaJbHBIM YIVIOM (), OTCUHTHIBAEMBIM B ILIOCKOCTH
20y or HopMamu x JII' — ocn Oy. B 3THX mepeMeHHBIX HMeeM MJIS MJIOTHOCTH
SHEPTHUH, yUHThIBalolleli 0OMeHHOe B3aHMOJIEfiCTBHE, MAarHATHYIO aHH30TPO-
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NHIO, JHIOJb-AHIONbHOE B3aHMOJEHCTBHE MArHHTHBIX MOMEHTOB B OJHO-
MepHOM npubauxensn M=M (y) u 3eeMaHOBY 3HeprHI0O BO BHEIIHEM OJHO-
POILHOM MarnuTHoM mojie f=H,, HanpaBieHHOM HepPIEHIUKYIAPHO IIOCKO-
cru AT, 4

v

w=A{(0')?+sin?0 (¢p")2 + 6—2cos* 0 |
+ (67 + A~?) (sin @ cos  — cos 9..)*], )
rae A — koucranta ob6mena; §=YA/K —mupuna BATI (K>0— koucranra
auu3oTponuu); A=YA/2nM? —napaverp wWHPHHBI GJOXOBCKOH JIHHHH.
3pavenns COS Qo = %MK- =H/H j=h, 0.=mn/2 onpeneasiorcs u3 Oananca

MOMEHTOB TIpH |y |—-o00.
B cuabHBIX MarHuTHBIX noasx Hy=H peannsyercs HIAT
sin @, = sin @., sh (i—/sin (p&,)/[ch (% sin (Pu) + cosxpm], 2)
Bol) =2 A= (A

IIpu nonnzkennu noass HAT cTaHOBUTCS HEYCTOHYHBOI MO OTHOWIEHHIO K Tiepe-
xofty B BIIT ¢ Bo5~m/2 u3-3a BO3pacTaHust poJiH AUNOJIBHON IHEPTHH. Onpe-

JeJNHTh MOMEHT 3TOTO TepexoJa MOXKHO, HCCJIelysl 3HAK BTOPOIl BapHalHH
(1) B6u3H pemenus (2)

8w = 8w (9) + 6%w (); (3)

8w (p) =A[(6¢)* + A—2(cos ¢, €OS @, — COS 2q>y (69)2]; (4)

8w (6) = A {(60')* + [6* — (9,)" + A% (— cos® @, -+ €Os ¢ cOS P0)[(60)%}. (5)
Q/@—Z ; . " |,<.o (3}

e HAK— PP PYHKIUOHA EHTeAH U OHYUBa -
CHTEJIbHO Bapuauuii ¢. Bapuanus ke niotHocTn sxeprian HAT oTHOCHTeNb-
Ho O (mepexona B BIIT), Bbipaxaemast (5), MOKET CTaTh H OTPULATENBHOIL.
Ypasuenne, orseuaioiuee (5), B Ge3apasMepHbIX NepeMeHHBIX z=y/8 umeer
BHJ

80" —V (2) 66 = 0. (6)
V(@) = 1 — p* (sin* . + sin® gn [c0s @.. ch (zsin g V%) +1]} x
% [eh (zsin g. ViF) 4 cos 9 | 7%
wr=142aM¥K=1+q7",
rae g — ¢akrop KauyecTBa. HasoeHHe ecTeCTBEHHBIX I'DaHHYHBIX YCJOBHI
Ha pelieHHe (6) NPHBOAHT K IPaHHYHON 3ajaue, ompejessiouleii cBA3b na-
paMerpa deppomarieTHka p* CO 3HaueHHeM BHEIIHEr0 MarHHTHOTO NOJS
h=H[Ha=c0s g B TOuke mepexoga HJIAI —BMAl, xoraa &% () =0.
Haiitu B o6iwewm cayuae touky nepexoga HAT—BJT B aHajuTHUECKOM
BHJE He yjAaeTcs. 3aMeTHM, OJHAKO, YTO C TOUKH 3pPeHHS YHCJIEHHOTO HccJe-
NIOBaHHS JHHeliHOe ypaBHeHHe [5] MoxKeT oKa3aTbCsl 3HAUHTENBHO yHOGHee
HEJIHHeHHOI cHCTeMBl BTOPOro MOpsi/AKa, HenoabdyeMoit B [1]. B pamkax aua-
JIMTHYECKOTO MOJXOAA OFPAHHUMMCH PACCMOTPEHHEM JBYX IpPeleNbHBIX Cay-
Haes.
1L p*>1(9<1); ¢k 1. Ypapuenue (6) coaurcss K ypasHenuio Illpe-
JAHMHTEpA C TOTEHUHANOM BHAa MoAaudunuposannoit smel ITeurrs — Tense-
pa [7] _
80" — [1 — a®A (h— l)/ch?az] 80 = 0; A==1+42¢2, a=Vp¥2. (7)
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B panHOM cilyuae MMeeTCs TOJbKO OIHH JAHCKPeTHbl yposeb n=0, ompe-
JleNsAIOHIT TOUKY nepexona

hy =HyH,=1—1/2)p*. ®)

Yncnennnt pacuer B [1] aas p*=10 maer Ax,=081; dopmyra (8) —
hy=0,86. Bosee yao6uble pist cpaBHenns ¢ (8) snauenns p* B [1] orcyrer-
BYIOT.

2. p*~1(g>1); go=n/2—®, Ok 1. Coxpausas B (6) KBagpaTHuHBIE
1o g~! u @ uieHsl, HMeeM

80" —[Vo @)+ V' (9188 =0; V,(2) = 1 — 2/ch* (2), ©)

rxe notenunan V’(z) =V—Vo, yunTHIBAIOUMH yKa3aHHbie BbIUIE KBajpa-
THUHBIE YJIEHBI, 31echb He NMPHBOIHTCS BBHAY ero rpomosakoctu. Ilpm V=0
(9) nmeer peutenne 80~ ch~'(z) [8]. Bouncaas mo TeOpHH BO3MYyLICHHIT
NONpaBKy [epBOro NOpsiAKa K cOGCTBEHHOMY 3HaueHHio <68o|V’(2)]600>
u TpeGysi ee obpalleHust B HyJb, NOJYYHM Touky mepexoga BIAT —HIAT

By = %[1 —0,74/q] wn H, = 8M [1—0,74/g]. (10)

B [1] npuBoautcs swauenue h,=0,23 115 MaKCHMAJbLHOTO H3 PacCMOTpEH-
HbIX TaM ¢=2; dopmyaa (10) naer A,=0,20. 3amernm, uto dopmyna (10)
Ge3 BTOPOTO U/iCHAa B NPaBOH UYaCTH CJeJyeT TaKkKe M3 BapHAIHOHHOMN
Teopuu [2], mupoko ucnoapsyemoii B Teopun JI' B IIMJI wmartepnanax
(B aTOM cayuae mo (10) £, =0,32).

TTosmesno waiitn Bun BJIT, uCKaKeHHO#l caabbIM BHEUIHHM MAarHHTHBIM
nonem Hy,=H. BuGpaB B KauccTBe OCHOBHOro cocrtosthusi mpu H=0 BIT

0, =m/2, cosq, = —thy/s,

rie O Temepb OTCUMTHIBaeTCs OT HOpManu K miockoeru I (x0z2), a ¢ or 0z
B mockocru T, ans nonpasku 0, B6113H B MOJMyunM ypaBHeHHe

A A )
a2
= 1 . —2. —_ —2 2
00, + A0, = — A, = — o 48 coqu:o. (1)
YpaBHeHHe 4715 MONPaBKH K Yy (o HMeeT Gosiee BHICOKHII MOPSIOK MaJso-
cti no h. Pemenne [11] MozKeT OBITh NOCTPOEHO MyTEM Pa3/IOKeHHS MO COO-
A

CTBeHHBIM (yHKIHAM onepaTopa w [8]. Ha sToM myTH moayunm

o EHAL L 1 g H (osint g
0,(y) = - (HA+4nM)sm%+HA(25m o2 l). (12)

Iepsrit unen cupasa B (12) ~sin gy 06ycn0BIeH BKIaJAOM TPaHC/ISIHOH-
A

HOfi MOJIBI Omepartopa ®, JoKaiu3oBaHHOH B JIT'; BTOpPO# — IpeleCcCHOHHOM
MOJIOH, OTBeyalolleli CIHHOBLIM BOJHAM B JOMeHaX. DTOT NOC/IeIHHI BKIAL
NoJIyyeH B MpeHeGpeKeHHH H3MEHeHHeM a0 MEHSIOIHXCS CTeNeHHBIX
MHOXKHTeNeH N0 CPaBHEHHIO C SKCNOHEHLHANbHEIMH B COOTBETCTBYIOIIHX HH-
rerpanax. B uentpe T Bropoii unen B [12] xaer HeCKONBKO 3aBhIEHHOE
3Hauenne yria 6. Qopmyna [12] mokasbiBaeT OTHOCHTEJBHHIH BKIax B
nckaxcenne BJII' aHH30TPONHH M MarHHTOAMIOJNBHHIX cHI. HHTepecHo, uTo
6, ocTaercsi KOHEUHBIM, faxe eciau H 4—oo.

Cornacro [1], mepexox BAI —HJT B MarHuTHOM IOJie IPOHCXOXHT
yepes 3ursaroofpasHoe Hckaxenue miockocts II. ITostomy mnosyueHHoe
BBIE YCJHOBHE NEpeX0oAa, BhHpaxaloumieecs ypaBHeHHeM (6), HDpHUMeHHMO
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Tonbko K yyactkam [T, 3akpemieHHbM, HanpuMmep, fAedeKkraMH, mpensTcr-
BYIOIIHMH pasBoporam miockocts T

JIpyroe mpuMeHeHHe Pa3BHTOIH Bblllie TEOPHH OTHOCHTCS K OLleHKe MHKO-
Bo#i ckopocru T CiuonueBckoro v, [3] B mieHKax ¢ mepHneHIHKYJ/spHOI
anusorponueil (¢>1). Ha III' B TakoM oGpasie JAeficTByeT HOpMaJbHOe K
ee IUIOCKOCTH I10J1e pacCessHus

o
H,(y,2)=2MIn — (13)
Z~—2—) + 52

KOTOpOe B NMPHBEJCHHOM BHJE yUHTHIBAeT He TOJBKO CYIIeCTBEHHYIO 3aBHCH-
MOCTb OT KOODJHMHATHl 2 BJAOJb TOJNLMHBEI ! IJIEHKH, HO M 3aBHCHMOCTb OT
y—unopmaun k JIT'. 3aBucnmMocts (13) or z Bejer K «ckpyuennoctn» [T mo
TOJIIHHE TJIEHKH [3]: HA MOBEPXHOCTH MJIEHKH BBIXOJAAT HeeJeBCKHE YYaCTKH
JT npoTHBOMOJOMKHOH MONAPHOCTH, a NEPeXOX Mex]y HHMH MPOHCXONHT
uepes KBa3uOJOXOBCKHil yuacTOK.

JIist OlleHKH NHKOBOH CKOPOCTH Up CYIECTBEHHOE 3HAUEHHe HMeeT I0JO-
JKEeHHe TOUKH IepeXoja Ha TOJIIMHE IIEHKH OT HeeleBCKHX Y4acTKOB K
KBa3H610X0BCKOMY. B reopusix [3, 4] 3nauenne noas (13) B 370i TOUKE OI-
penensiercst mepsbiM unenoM (10) — H,=8M. Dra xe BeqHuMHA BXOAHMT
B OLEHKY vp paGorsl [5], moxsepraiomeii kpurike BuiBox [3]. C momouibio
(10) MOXKHO MOJIYYHTD YJY4IIEHHYIO OUEHKY MTHKOBOH CKOPOCTH

, ch? (1 —0,74,

v =1, (CT/‘”zup(l —1,12/g), (14)
rjie B KauecTBe U, MOKHO GpaTh COOTBETCTBYIOIMe Bhlpaxkenus [3—5]. 3a-
BHCHMOCTB T0J1 (13) OT y He BJIMSIET HA NOJMYUYEHHBI PE3yJbTAT, NOCKOJIBKY
npu BhiBofZe (10), kak BHAHO M3 ypasHenus (6), B oGmactn y=0 cymecr-
BEHHB 3KCMOHEHIHAJbHEIE WIEHBEl, a 3aBHCHMOCTb OT Y HOCHT CTeIECHHOIl
Xapakrep.

C roukn spenns (14) mommxenne ¢ BefieT K yMeHblenno v,. B paGore

[6], HanpuMep, KCIEpPHMEHTAIbHO HCCIELOBANACh 3aBHCHMOCTh DPafHalb-
Hoit ckopocts IIMJI or BHemrero noast. st AByX o6pasuoB ¢ g~ 5 H3JIOM
B 3aBHCHMOCTH CKOPOCTH OT HANPS)KEHHOCTH MAarHHTHOIO NOJISI, KOTOPbIil
LIOJKHO TIHITAThCSI CBS3aTh C Up, SKCIEPHMEHTANBHO HAGJIOAANCS MPH CKOPO-
CTAX, JIeXKallHX HHXe OLEeHOK CKopocTefi, mojyueHHsX B [3, 4]. ®opmyaa
(14) oGecneunBaer TpeGyeMoe MO MOPSAKY BeJHYHHBI MOHHMKEHHE MHKOBOMH
CKODOCTH.
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