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O HOYIJIOBbIE H CJNABOCKPYYEHHBIE COCTOSIHUSA
JOMEHHBIX TPAHHUL B MATHUTHBIX MJEHKAX
C NEPNEHAUKYJSAPHON AHU3OTPOINHUEN

I. E. Xodenxos

Tokasano, 410 B CHABHOM MAaTHHTHOE NOJE, HANPABJEHHOM MO TIOAAPHOCTH AOMEHHOR
TPAHUUE, CKPYUERHOCTH NOAABAAETCH W TDANHIA MMeT KB43MGJAOXOBCKHII BHA. Bhuucaeno
IKOBOC 3HAYCHHE CKOPOCTH TPAHMILL C YYeTOM BAHSIHHS CKDYYEHHOCTH B STHX YCJHOBHAX.
Onpeteliena YCTORTHROCTE HEeIeBCKOrO COCTOMNAS CKPYNCHNOR TPARHI NDH HATHINH POM-
GHeckofi COCTABANIOMEl! aHH3OTPONRM OTHOCHTEIBHO MATHX NOBEPXHOCTHEIX BOIMYIICHHI
THNI4 TOPU3OHTANBHHIX GIOXOBCKHX JHHHIL

OcHOBHOf THIT TOMEHHBIX rPANHIL B MJIEHKAX C NIepIeHAHKYISPHON 01HO-
OCHOM ~ MATHWTHOH  aHH3OTPONHeNl — CKpyueHHas — JOMenHas rpPaHHILA
(CAT) — xapaKkTepu3yeTesi TeM, YTO NOMHMO CYLICCTBEHHOH 3aBMCHMOCTH
OT ABYX NMPOCTPAHCTBEHHBIX KOOPAHHAT BEKTOP HamarnuucwHoctH M(y, 2)
34BHCHT B lieil OT ABYX yraoBLIX mepeMeHHBIX, C STHMH YCIOKUSIOWHMH
0BCTOATR/ILCTBAMH CB3AHO B HACTOSIUIEE BPEMS OTCYTCTBHE TEODHH 3aBH-
cumoeru ckopoctd CIT oT NBUIKYLIEro MarduTHOro moas, B uacThocTH,
le onpejeseHa TOUKA OKOHYAHHS Haya/ibHOrO CTAHOHAPHOTO YuacTKa yKa-
3aHHOI 3aBHCHMOCTH — BEJIHYHNA TAK 11A3bIBAEMON [THKOBOM CKOPOCTH, fiB-
AsOULefiCs ANaJN0rOM CKOPOCTH YoKepa MpocTpaHcTBenio oalomMepHoit 60-
xoBckoit [T

OcoBoe mecTo 3anHMalOT OjfHOYr0BBE cocTostuus CIT, B KoTOpHIX (MO
onpejenennio) nosopot M(y, 2) NPOHCXOMMT TOJBKO MO OMHOMY Yray.
B ofHoocHbIX NIICHKAaX WMEIOTCS H G/M3KHE K OXHOYrJIOBbIM coctosnns [T,
B KOTOPbIX BTOPOfi mpocTpancTBentbli yron wman. CyiecrsoBanie cnaGo-
cxpyuennoii IT, 6auskoft no cBofictBaM K GJI0XOBCKOf, B OYEHh TOHKHX
naeskax ¢ h<<A (A— TosuHA 6I0XOBCKOM JIMHHE, I — TOJIIHHA [VIEHKH)
B pamkax ypasHeHuii Jlaugay—Jludunna 6e0 nokasano B [1]. Yeroiun-
BOCTb OAHOYIJIOBEIX COCTOAIMHIL HeeseBCKOro Thna B npuGiumkennn CJox-
YEBCKOTO, HONHXKAIOUeM Pa3MepHOCTL MPOCTPAHCTBA Ha eHHHIY, NPH Ha-
JMHYHM POMOHUECKONi alH30OTPOMHH HW3yyatach B [2], MepNeHIHKYJAPHOrO
naockoctn CIT uewnero Mariutioro noas — B [3]. HecaenoBanue mono6-
HLIX COCTOAHHII HMEET HeloCPejACTBeHible JKCTePHMEHTA/ILHbIE CIIeCT-
sis [4]. Baxio Takie, UTO B HEKOTOPHIX H3 3THX C/Yuaes BK/Ial CKpyuen-
HOCTH MOXKeT GbiTh YUTeH 10 TEOPHH BO3MYILEHHUiT.

Huxke Heesenyetcs Apyroit NpHMep caaBockpyuennoro cocrosuus: CIUT
B JIOCTAaTOYHO CHJBHOM nnaﬂapnom MAarHHTHOM MoJie MO ee MOJIIPHOCTH, KO-
TOPOE HCKAKYAET CyLIECTBOBAHHE TOPH3OHTANbHbIX OJOXOBCKHX THHHIT
(TBJT) B ocnoBiioM cocTosHuH. I HETO YHAeTCs yuecTb BKJAAX CKpyueH-
HOCTH B IHKOBYI) CKOPOCTDb. YTOUHAKTCS TaKMKe yCJOBHs ycroitunsocTs [2]
oxHoyraosoro Heejnesckoro cocrosiius CIAI npn Haamuup  poMGHuECKOH
AHH30TPOMHH.

Tycts, Kak 0BBIYHO, HOPMAJb K TIOCKOCTH MJIEHKH TOIWIMHB A Hanpas-
JieHa Mo ocH 2z, a B MIockoctH x0z dukcupoBana niockas I, pasgens-
owas aomensl ¢ M(y= =+ oo )FMk. [Tonoxenne uentpa AT (2, {) u asu-
MyTaJbLHbI Yol BEKTOpA HAMarHHUENHOCTH B ee uentpe ¢(2, f) OMHCHBA-
10Tcst Beapa3veplbIMK ypaBuelnsamu CloHYeBCKOTO

V+og=H,+eq; m

z}~a¢ — e%)" 4 sinPeosP + H, sinp 4
+ (Q/2)sin 2 ($ — ) — H (2) cos. (2
3mech Bpems { uaMepsiercsi B efiunnuax (4nyM)-! (y — MarHuTOMexaHHye-
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ckoe oruomenue); ¢ — eauunnax wupuusl AT A; koopaumata 2—h/2,
BHewee nose M, Baoas noaspHocts CAT =0—8M, nose pasMarnuuu-
Banus, Belylmee K ckpyuennoctd, Hy,(z)=arthz—p Tex xe eamnuuax,
fnocToslHoe ABHKYiee nojse H.—4xM, koncranta pomMGuueckoit aHH30Tpo-
nmn Kp>0— 2aM2(Qy=Kp/21M?2). Beapasmepuulit napamerp e=2A/h< 1
B OOLIMIBIX YCJOBHSIX. @ — MOCTOANHAA 3atyXanna IuabGepTa, Pp 32maer
Hanpasaenne «J1erkoil ocH» B Ga3WCHOIN MJOCKOCTH, COBNajamomel ¢ mioc-
KocTbio menky 10y, OTHOCHTeNbIO nepecekaloutedl ee muockocrn JT. Tpexn-
nonaraetcs, uto (akTop Kayecrsa MieHKH Q>1 mpesocxoant Q. Ha mo-
BEPXHOCTAX NJEHKH BHINOJHSIOTCS CBOGOAHEIE MPAHHUNBIE YCIOBHA

Yl=+1,0)=¢g(z=+1,0=0.
Criauana yuTem CH/IbHOe BHelIHee MarkuTHoe mose FH.>1, moxaras
Q2=0. B crannonapubix ycnosusx p=0 u3 (1) umeem JnHeliHHA 3aKOH

apmxenns CAT go= Ai)‘iz (8 pasmepHBIX eunnnax). CTalHOHAPHBI a3H-
o

MYTaJIBHBI yTO NaXOAHTCS H3 YPABUEHHS
90/2q
B KOTOPOM pann Harasasoctd ckopoctd CAT gq otHecena k ckopocTH Yoke-

Pa gu=2nyMA. TIHKOBasl CKOPOCTb ¢p MOJKHA OMPEALNATLCH H3 JIHHEHHBIX
ypaBuenuii yCTOMUHBOCTH CTAHOHADHOTO PEeXHMa JI MaJblX BapHalmit
8y (z, t), 8qlz, t), crenyromux u3 (1) n (2). Oun cBOAATCS K YPaBHEHHIO

— gl - sin g, cos P, + Hsinpy — H, (2) cos b, 3)

(1) 89 + a(Ly + L) 89 + LL,Sp=0 @
H 3KBHBaJIGHTHOMY (4) CONpSIMEHHOMY YpaBHEHHIO A1 8F C NPEXHHMH
A

TpailHYNBIME ycI0BHAMHK. JlHileilitble omepaTopsl L » HMEIOT BUJ

A 2 A 2
Ly= —e“g; + cos 2 + H, cospy -+ H,, (2) sin g, Ly = —62;17, (5)
rne yo(2) 3anaetces pemennenm (3). Ecan B (4) MpeanosoxRUTL 3aBHCHMOCTH
8, 6g~ exp(—wf), To cpHB CTAIHOHAPHOrO pexuMa gpuxenua NI Ha-
CTYNaeT nocae NPOXOXKAEHHA COOCTBEHHbIM 3HadenHeM o 3agaud (4) my-
JIeBOrO ypOBHSI H3 NoAOXKHTENbHON o6nacty. Kak caenyer 3 (5), 310T ypo-
BeHb W BMECTE C HIWM NHKOBAas CKOPOCTh ONpefesioress peutenuem Gosee
npocroif 3afayun

Wb = i,s«p ®)

© rpaHHUHEIMH yCAOBHAMH 8¢ (z=+1) =0.
Ecnn cxpyuennoers orcytersyer Hy(2) =0, to pemrenine (3) B cHIBHBIX
noasx H,>1 umeer Buj

oo/ 24, = H .51 i, ]

npuuen 0<tor<a/2, koria goc>>0. TIHkOBast CKOPOCTL Ha OCHOBaHHK (5) M
(6) aoctiraetcs npu Poo=mn/2 H, Kak XOPOWIO H3BECTHO, paBHA §p=

=2H.q,. TlokaxeM, 4TO HECMOTPS HA JOrapHPMHYECKYID PacXOIHMOCTb
ros H,(2) iia nosepxHOCTSX NJeHKH, NOMpaBKH Poi(2) Kk (7), BHUHCIEH-
fible Ha OCHOBaHHH (3), MaJbl MpH BCEX 3HAYEHHAX CTALHOHAPHWX CKOPO-
creit (7).

TNpenebperas Bx1210M Sin $oC0S o MO cpasHenmio ¢ Hysinyo 1 cuntas
Hy(2) cos ¢, BOIMyIeHHEM, NPHXOIHM K3 (3) K JMHeRHOMY ypasHeHH0
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———— g, + Yo =H, (@A, '

pelenne KoToporo ¢ y4eToM rpalHuHbIX YCAOBHIT:

You ()= 1] LU~ —f (1 +2) +d: sh(dz)]/zn,,

B3

T Hycos e

f (x) =chi ax ch ax — shi ax-sh ax;
d = chi 2ash 2a — shi2a - ch 2a, ©

rae a=H,cos Poofe, shix m chix— uurerpanpnbiii runepGoJHUECKHl CH-
Hyc u Kocuilyc. IlofuepkieM, 4To Ha MOBEPXHOCTAX MJelKH z===1 peure-
nne (9) KOHEUHO: PAaCXOJAHMOCTb CBOGOAHOrO JOrapHGMHUCCKOTO YJIeHa
KoMIercupyeres chi x.

Ecau ckopoers CAT mana — o<1, To ypasuenne (8) cuuryaspuo u
CleyeT OKHAATh NOSIBJEHHe NMOrPAHHYHBIX cJoeB. JleficTBHTELIO, BOAHIH
nosepxiocrd =1 u3 (9) B yesaosuax a1 nmeen

(10

rie g =¢/YH, 1 C=0,5772.. — mocrosnuas Dfitepa. BO.1H3H MOBEPXHOCTH
z=—1 pewenne Menser 3uak. [Ipu yaa/ieHHn OT NOBepXHOCTH oy (2) yObI-
BAeT H Bile [IPAINOBEPXIIOCTHOTO CIIOS ~ €; HMCET BHA

2
7 e 2y, f ],
Voi (> &) = H, (@)/Hy + [_?'ex;,(»a_‘)f TZ,—)‘]/ZH,‘. (1)
Takum 0o6pa3oM, NpH MaJblX CKOPOCTSX monpaska & (7) Maja, eclH BH-
HOJIHAETCS YCA0BHE

In'(2e,)12H, 1. (12)

-nGBaﬁ YacTh HEPaBEHCTBA SBJIAETCH HETPHBHAILHBIM MaJbiM NapaMeTpom
zafaun. Pemlenne XapaKTepH3yeTcs HalHYHeM TOHKHX NOTPaNHYHBIX CJOEB
BOJH3H NOBEPXHOCTEIl NUIEHKI WHPHHOI /12 ¢/} H,, B KOTOPbIX BeJHKA Poib
OGMEHHOrO YjleHa H [POHCXOINT KOMMEHCAUHs PACXOIUMOCTe:.

C poctom ckopocTh napavetp a B (9) cpaBiHBaeTcs ¢ eAMHHIeH, 3al1a-
4a H3 CHHTYASIPHOH CTAHOBHTCH PEry.1apholi, MOrpanHunbe CIOH HCYE3aloT,
HO pelleHHe 0CTaeTcs MaabM no Hy ' Hacxouew, B6/IH3H NHKOBOA CKOPOCTH
oo = /2 mapamerp npu npouasoanoil B (8) seanmk. PopmamanHo 3alaua
CBOANTCA K CAYUalo «oueilh TOHKHX mieHok» [1], pemenne (8) siech maio
IO COS Poo/e*< 1.

HMrak, OpH HCCaEL0BAHHH  YCTONUHBOCTH  CTALHOHAPHOTO  IBHAKEHHS
CAT B (5), (6) MOXHO MONB3OBATLCH SHAYEHHAMH oo H3 (7). KOTOpHE He

3aBHCAT OF 2. Tak Kak ¢oo>0, To MunuMym noresnunana V' —=H,(z) pacno-

JIOKeH BOJH3W MOBEPXHOCTH Z=-—1, IZle H JOKaJu30Balla HHAHAR coOBCT-
sernas gynknus (6). Ecan A>3 A, To mpobnas gynkuus
sp= exp[—— (% . 2)2/4A’] (13)

1
NPHBOAHT K COOCTBEHHOMY 3HAUEHHIO =3 Inh/A nas storo norenunana [3}

(nosanee GyneT ycranoBiena TOYHOCTh mpoGHofi  ynkuun). Memoabsyst
B (6) ycaoBue w=0, mnoayuaem mus (5) ypapuenne ctgioo=In(h/A)/2H,,
3HaueHHE g U3 KOTOPOTO cJejyeT mofcTasuts B (7). B yca0BHAX BbIMOJ-
nuMocTh (12) NPHXOAMM K CIEAYIOLIeMY BHIDAXKEHWIO Uil MHKOBOH CKO-
pocTH:
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9ol = 2H, (11" %/8115), (14)

rie, HamoMunM, H, uaMepsiercs B eiunuHuax 8M. Yuer CKpyueHHOCTH He-
CKOJIBKO [IOHHYKAET MHKOBYIO CKOPOCTh OAHOMepHOro mnpubamxennust (7).
CphiB CTaNHOHAPHOrO pexuMa o6ycJoBaeH (OPMHPOBAHHEM HOBEPXHOCTHO-
ro poamymenust (13) tuma I'BJI. Xapakrepwua cnabas, Jorapudmuueckas,
34BHCHMOCTb CKOPOCTH OT TOAIUMHBLI TWIeHKH A, JLIA cpaBHCHHSA yKaxeM,

YTO B OOBIYHBEIX YCJOBHSAX coraacho CJOHYEBCKOMY §p~ !, uTo, KaK CuH-
TAaeTcs, He NOATBEPIKAACTesl IKCMepHMenTabio. OO6nacTs MPHMEHHMOCTH
(14) Bripa<aeTcst HepaBelCTBAMH

1< ln[—z iﬂ] <Q (15)

rie Q>1-— dakrop xauectsa. [Tocsiennee, npasoe, HepasercTBO TpeGyercs
ansi obecnedenus BounojnHMoctH ypasuenuit Cionyesckoro (1), (2). Vka-
JKeM, 4To B 06sacTH, GiM3KOH K N0J110 OAHOOCHO! anusorponnu A= 4nMQ,
ONHOMepHas mpejenbHas CKOPocTL Oliia onpenenexa B [5]. B [6] soiumcas-
Jach monpaska ~ H /4aMQ x onnomepHomy peayastaty (7), B [7]—ye-
TaHaBJHBaJCs Julb pesyanrar (7). PaccMorpennmii cayuaii noas H.>1
ABASETCA HCK/IOYHTE/IbHBIM,. TIpH IDYrHX ODHEHTAMHAX BHEIINEro Moas B
GasucHoi miocKoeTH pewchne (1), (2) B CTAUHOHAPHBIX YCJAOBHAX Cylie-
CTBEHHO 3aBHCHT OT Z M iie JOMyCKAeT MPOCTOTO aHaMHTHUCCKOTO HCC/ieno-
EVVES

ITepeiifieM Temeph K MCCAEA0BANMI0 POMOHUECKOH aHH30Tpomun Qs mo-
naras B (2) H,=0. Ecan $,=0, 10 poMbuyeckas anuzorponus Q;>>0 mo-
masaisier ckpyuennocts JAT. Cywecrsyer cxraGockpyuentoe coctosinue I
c P 1, onpegeasemoe (9)—(12) ¢ samenoii H,. ua Q,>1. Takue peweHus
GplH OOHApyXeHnl WHc/JIeHHBIM HHTerpupoBanueMm (2) B [8]. OxHako 310
pelnenne He coXpahser KBasnoAuomepHoro suaa (7) ¢ pocrom ckopocts AT
st nero, KaK 0 paccMaTpHBACMOro LHMKE caydast §,=a/2, onperenerne
MHKOBOM CKOPOCTH MPHBEICHHBIM Bbille CNOCOOOM HEBO3ZMOKHO.

Ecau $p=a/2, 10 coraacio (2), BO3MOKHE CTaTHYECKHE ONLHOYTIOBhE
COCTOSIHHS o= =m1/2 HeeaescKoro Tina. B [2] Gwno ycranosaeHo, 4T0 ec-
JIH pOMOHYECKas aNU30TPONHS HEADCTATOYHO BEJAHKA

Qz<QV:1+(1‘;~2-%)’,h>>

) (16)

TO 3HEPreTHUECKH BHLIFOAHO cyluectBosanne 180° I'BJI B ob6nactu 220, ye-
Pes KOTOPYIO OCYHIECTBIISIETCH NEPEXO] peileHus Py=m/2 Ha po=——m/2 1o
TOJIIIKHE NJCHKH. BO3MOMKHOCTh XKe cyliecTBoBaHusi B obaacth (16) umcto
OIHOYTWIOBOTO COCTOSIHHA KaK MeTacTaGHIbHOTO He BbiAcHsaack. I'pamiua
€ro ycTOHYHBOCTH BHOBb ONpejensercst ypapHenneM (6), HO ¢ omepaTopom

b ar
Lr_'dz—, +Q—1+H,@, (]

rae 11s onpele’eHHoCTH Obuio BGpaHo Wo=1/2. Omepatop (I7) nocae
3amensl Q na H,/8M cosnajaer ¢ onepatopoM. BONHKAIOULIM OPH HecTe-
noBanny neeaesckoro cocrosuua CAL 8 noae H,, nepnerlikyaspioM
mirockocTH rpaniust [3]. Bocnoap3osasmics codeTseinoi dyitkiieit (13) u
YTOUHsisl YHCI0BOE 3HavemHe ciaraemoro (C+3+In2)/4 nepel doabum
aorapudmom B [3]. moayuaem yeaosHe VCTOIMHBOCTH MeTacTaGHIbHON (a-
36l Po=171/2

Q> Q=107

INpy uapywennn (18) cocrosmnue $o=:/2 npuoGperaer 180° TBJT nox aeii-

1nL‘\, A (18)
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CTBHEM MaJIOro NMOBEPXHOCTHOro Bodmywlenus (13). B ofaacty Q.<Q:<Qv
Bo3uHKHOBenue I'BJI TpeGyer mnpeoaosenHst KOHNEYHOrO MOTENIHAJABHOIO
Gapbepa. B [8] unc/eHHEIME MeTOJaMH GbiJI0 NOKA3aHO, UTO B MJEHKE C Na-
pamerpaMun  A=YA/2aM?=0,9-10-° cm (A = 1,56-10~7 apr/cM, 4aM =
=212 Tc), h=2,15-10~* cm oRHOyrI0BoE COCTORAHKE Yo=m/2 Tepser yc-
TofiuHBOCTD, HayHHas ¢ Q;=2,6. Ouenka mo (18) mpmsogut K Q:=2,7, uto
YKa3blBaeT Ha A0CTAaTOYHO XOPOWIYK TOMHOCTb, AOCTHrAEMYyl ¢ TpoGHOi
dynkuuei (13).

Pesyabrarsi nacrosimeli paboTsl NOdydeHbl Ha OCHOBAHHH ypaBHEHHI
CUIOHYEBCKOTO, 4TO NOJAHHMAET BONPOC O POJH MaabX uaeHoB mo Q-'<1,
HIHODHDYeMEIX B ypasneuusax. [lpexme scero, B pamkax ypaBHenuii Jlau-
pay—Jludmuna tpedyercs 060CHOBATbH CAMO CYUIECTBOBAHHE ORHOYIJO-
BBIX H C1aGOCKPYHEHHBIX COCTOSIHMA C y4eToM JAeHCTBHS HCOXHOPOANBIX
MarnurocTaTHdeckux nodqeil. HMcnoabsys MmopensHbie BhIpayKenus AJas 10-
aeit (cm., nanp., [1]) M creKTpanbHEN MOAXOA TOW e PaGoThi, MOXKHO yGe-
JHTHCA, YTO HCKOMbie pelleHHs (opmanibho cyuectsyior. Bonee cepnesen
BOMPOC 06 yCTORYMBOCTH 3THX cocToaumii. Braansl mo Q—'<1 #e ToaABKO
HeCKONbKO MEHSIOT MOJIOXKeNHe Touek JaabHabHOCTH oiHoyriosuix HT, o,
B MPHHIKIE, MOTYT OK43aTh KAYeCTBEHHOE BJHAHHE HA MeXaHH3Mbl MOTEpH
YCTOMYHBOCTH, OCO6EHHO B BHICIIHX NPHOIHKEHHIX MO AMIIHTYAM OTK/O-
HEeHHMIl OT HCXO/IHbIX COCTOSIHHI.

HHCTHTYT 3/CKTPOREMX YNpABAAIOWNX MUK Tloctynnaa B peaaxuisio
Mocksa i5 man 1989 T.
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