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CKPYYEHHAS NOMEHHASl TPAHHULIA
B OYEHb TOHKHUX MATHHTHBIX TMJIEHKAX
C MEPNEHAUKYJISIPHOA AHU3OTPOMHUEM

I'. E. Xodenkos

Hpono;m’rcﬂ MHKPOMAaruHTHOe H3V4eHie OYEeHb TOHKHX MJIEHOK uMﬂ ‘MaTepHamoB, Xa-
PAKTEPH3YIOUMIHXCA MAJOCTbIO TOJIUHHBL 1O CPaBHEHHIO C lqullHOﬁ GNOXOBCKOH JIHHHH,
Ckpyyennoctb noMmennbix rpanni (/1) oxasmiBaercst MaJsioif, peiesbhas CKOPOCTb CTali-
ounaphoro asuwxienns I — Gau3koit k yokeposckoii. Onpejeneno HCKaxKeHHe CTPYKTYPHl
ECPTHKZJIBHOFI 6JI0XOBCKOI THHHII B npouecce ABHKEHHS Ar.

1. O6uiuHO TeopHs ckpyuennoil nomenxoit rpauuunt (CHT) crpourcs B
NPEeNOA0KEHHH, YTO TOIILHHA MJIEHKH NMPEBOCXOJAHT TOJIIHHY GJOXOBCKOH
auaud A3> A i[1]. Yrael CKPYYeHHOCTH B 3TOM NPHOJHKEHHH BEJIHKH
(~=a/2), a npeleibHas CKOPOCThb cTalnoHapHoro aBmxkenus T cornacHo

C.ionueBckomy — 9,5(A/h) g, — Mala 10 CPaBHEHHIO C TIPEAENbHON CKO-

pocTbio YOKepa ¢y

Hue 6yaer paccMOTpeH IPOTHBONOJOMKHBIN Npejes OueHb TOHKHX IljIe-
HOK h< A (HepaBeHCTBO MOXHO nepenucarts B Buie U/h>>2yQ, rae | — xa-
pakTepHCcTHUecKast JAuHHA; Q — dakrop kauecTBa). Byxer mokasao, uto
YIJIBL CKPYYEHHOCTH B 3TOM Ipejiesie MaJjsl, Tak uTo cBoGoxnas OT umeer
kBa3ubaoxosckuit Bui. IlocaenHee Beger kK TOMY, UTO MpejeibHas CKOPOCTb
CAT' 6au3ka K yokepoBcKOH. ITIOCKOCTHbIe MarHHTHBIE I10J1f, B KOTOPHIX
NPOHCXOAHT mepecTporika cTpykTypsl CIATI, okaspiBaioTcst GIM3KHMH K 3Ha-
yeHHsIM, onpelenseMbiM aas GioxoBckoi JI. Ompenensercs HcKaXXeHHe
CTPYKTYpHI BepTHKaJbHOH GsoxoBckoit aunuu (BBJI) B memxymesics CAT.

MukpomaruutHoe paccMorpenue ctpyktypsl O B ykasaHHOM Tpejelsie
BIlepBbie, NMO-BHAMMOMY, GblIO mpoBeaeHo B [2], Tle BBIUHC/IEHHS, OJHAKO,
OrpaHHYHBANHCh JIHIIb YUETOM TPAHC/SIHOHHOH MOJBI CNeKTpa B OKOHYa-
TeJbHBIX Pe3yJbTaTax, a TaKike BapHALMOHHON OLEHKOH Ipele/bHOH CKO-
POCTH.

TeoMmerpHsi 3a1ayH coBNajaeT ¢ HCnoiab3oBanHoH B [1]: och Oz mepnen-
JHKYJsipHA TOBEPXHOCTH IJIEHKH H napasiensHa OJIH; [T naxoaurtes B
maockoctH xOz u HOpMasb K Helf —ock Oy; mossipHeli yroa 6 (y, 2) orcun-
ThiBaetcsi or ocu Oy, asumyraubHbiii @(y, 2) —or Oz. B mioTHoCTh 3Hep-
PHH BHOCAT BKJIajibl OOMeH H OJIHOOCHAs aHH30TPOINHS, MarHHTOCTAaTHYECKHI
BKJIaJ NpeJcTaBisiercs B BHAE CYMMbl JIOKAaJBHOTO YJeHa oMy (M —na-
MarHHUEHHOCTb) H AaJIbHOAEHCTBYIOIIEro u/leHa OT MarHHTHBIX 3apsJ0B Ha
MOBEPXHOCTAX IUIEHKH, Belymlero K ckpydenHocts HT. B mpennonoxenuu
Ma.10CTH TOCHeHell MOXKHO NOJYTHTb YpaBHeHHs (cM., Hamp., [2]):

[ —L—a]s0 = 1, (. yamna (1a)
[‘% - 2]5‘9 = sinqq (4) H, (y, D/4nMA®, (16)
74

ONHCHBAIOUIHE CKPYYEHHOCTb ~ 00 W H3MeHeHHe asHMyTalbHOTO yraa &¢.

A
CnekTp BHHTepOBcKOro oneparopa L =— d%/0y*+ A—%cos 2¢, (A — mapamerp
wupuuer 6aoxosckoit AT, A/A= VQ, sing, = ch—1y/A) neautcs na jase ya-
in@,/)/2A u TIpelecCHOHHYIO MOAY

CTH: TpaHCAAWHOHHYIO Moiy Y=

"~ (ikA -+ cos @) exp (fky) , npuBOAAWYl0O K MaJnM BKaAagaMm ~ 1/Q.
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A
Ocob6enHocTs oneparopa L Tpefyer cOXpaHeHHs ujeHa ~ A~2 B JIeBOH 4acTH
(la). IToas paccessHHs OT TIOBEPXHOCTHHIX 3apSIOB B ZOMEHaxX

e RS R (R

H,=4M [arctgy (—Z— + z) +- arctg y, -’2'— —2)].

§

@

B cayyae <A CyLIeCTBEHHO BHINOJHEHHE HAa MOBEPXHOCTAX [IEHKH CBO-
GOAHBIX FPAHHYHBIX YCJHOBHI
80 adg

2’ o =0 @

rthi2

Pemenus ypasnennit (la), (16) uumiyTcsi pasioKeHHeM IO CHEKTpY
o=@ @+ | @ Bv" (v k) dk. )

2. PacemoTpuM BHauase ypaBHenue (la). Bkaan TpaHCISIUHOHHOH MO-
Abl, Jokanu3osanuoll B AT, nmeer Bua

80" = — ef (2) sin @ ();
=002 -0 ) - —am2 3] @

rie e=h?8A2« 1, z=2z/h, KOTOpHI MONyueH B NpeHeGPEKEHHH Y.IeHOM
~A~? B nesoit yacth (la) u unenamn ~ A/h. Hecmorpst Ha Goubluyio Be-
auunny Hy (y=0, z—*h/2), na noBepXHOCTAX NJEHKH CKpyueHHocTs JI

r .
Maﬂa:ﬁe"(z =4 E 0) = # & CyllecTBEHHO OTMETHTb, YTO HAHHBIH

BKJJaJ TOYHO COBNAJAeT C BKAAAOM, CJAEAYIOUIHM H3 OOLIMHOTO YpaBHEHHS
[3] mns CHAT, xoTopoe mosyyaercst NMPH HCNOJb30BAHHH B KauecTBe mpo6-
HOM yHKUMH 1JSi a3HMYTAJbHOTO Yria BbIPasKeHHs, C TOYHOCTBIO A0 MHO-
JKUTEJIS, COBNAJAIOUIEr0 ¢ BbHIPaXKEHHEM /I TPAHC/ISIHOHHON MOABI.
TMonoGubiM ke 06pa3soM HAXOAMM BK.1aj NpeLeccHOHHOR moan B (la)

0 e, 1) = oA [T hlp e — N, 8, )
0
i it et Lol e — TR 2 g
sh pz - ch—2 ph/2 0\ ch(p(2 z)]Hy(k,z)dz}, ©6)
rae
P= 11+ RAY/AS  H, Gk, 2) = daM)= | H, (v, ¥ (&, 5)dy.

Ha nosepxHocTu miienku z=h/2 umeem

eF'(L, k) .| .
2 h

h/2

- J‘ sh(p2) H, (k, 2) dz, yl
pA2ch—
2 0

uT0 B 061acTH |y| <A MPHBOMHT K NPHOJIHKEHHOMY BEIPaXKEHHIO

prip— . )\ o sEy B o
o (z__ 2,y)P2nVa - (Ind—a|y|/h). ®)
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TTosiBneHHe MHOXHTeNs sgn?y CBA3AHO ¢ MPHGIHKEHHOCTbIO BHIUHCICHHII:
cos po<sgn y mpu Q> 1; B obaacth |y| <A ero ciieiyeT 3aMeHHTb BETHUH-
HOH ~Q~'. Bknap (8) Man mo cpaBHeHHIO C BKJAAJAOM TPaHCJAANHOHHOMN
MOJIBL.

O6pamasice k (16), samerum, uto B cuny H.(—y)=—H,(y) tpaucas-
LHOHHAsE MOJA He JaeT BKJaja B 8¢. Bruaajn mpeueccHOHHON MOAb paBeH

ﬁq)pr(z s e y);x Y, L(L + P ILD ©)

2 ayQ A\ -h Yy
B TeX Xe NpHOJAHKeHHX, uto i (8).

Takum oGpasom, HauGo/ee CyUICTBEHHbIH BKIax B ckpydenHocts AT
ZlaeT TPAHC/SIHOHHAS MOJa, IPHYEM ee BKJAJ COBINAAaeT ¢ BKJAAJAOM OGbIU-
Hoit Bapuauuontoit Teopun CHI '[3]. Cnibl 06MEHHOr0 NMPOHCXOXKJAEHHS B
COBOKYITHOCTH € PPaHiYHBIMH YCJOBHSIMH Ha NOBEPXHOCTSIX IJIEHKH He JI0-
NycKaloT GOJBLIHX YFJI0B CKPYYEHHOCTH, HeCMOTpPsl Ha JIOrapHpMHYECKYIo
PacXOAHMOCTb TOJISI PACCEAHUS.

3. Mmest B BHLy yKa3aHHOe OGCTOSITEJNbCTBO, BOCIHOJb3YeMCsi OOLIYHBIM
BapuauuonnbiM ypaBHennem CJT [3] ans onpejesneHns mpefenbHOi cko-
pocTH cTanHoHapHoro pexxuma Asuxkenns CAT. B ornmume or cayuas Tou-
CTHIX TUIGHOK f1>>\ B paccMarpHBaeMoM ciayyae A< A Bce BBIKJIaAKH yna-
ercst MpojetaTb B aHAIHTHUeCKOM Bhie. Mweem uaBecTHOe ypaBHeHHe B
o6e3pa3mMepeHHOM BIL1e

w":s[sinZ\pat;*Q!;”(;)cosq;]; P’ (;: + 1):0, (10)
rae Y —yroa BHX01a BEeKTOpa HaMmarHuueHHoctn H3 miockoctn JT B ee
uentpe;  e=h?/8\2«k 1,  GespaaMepHas  CKOPOCTh 7}=-'q/'q1,,; FI!,=
=2-1In(1+42)/(1—z), 2=2z/h. Pemenne uuieM B BHie psila

Y=Y+ P+ .5 §=G+equ+.., (11)
4TO faeT
Py = 0; (12a)
¥ = —go +sin 2\]}0—217y(;) os Py; (126)
P = — gy + 2052y Wy + 2H, () sin -y, (128)

U3z (12a) caenyer, uto Po=C,=const. Pemenne (126), yaoBseTBopsiio-
Hiee rpaHHYHBIM YCJAOBHAM, HMeeT BHJ

b= — 1) cos o+ G, (133)

rae f(z) onpeieieno B (5). BrinonHenne rpaHHYHBIX YCJOBHI AJs ; Tpe-
6yeT BHINOJHEHHS YCJI0BHSA

9o = sin 24, (136)

KOTOpOe cOBMaiaer C 06bIYHON 3aBHCHMOCTBIO CKOPOCTH OT yTrJa BbXOAa B
Teopun CaoHueBckoro. ITo1cTaHoBKa BHIpa)keHnit mepsoro nopsiika B (128)

noaBoJisier onpeieants C; H g, Bce HHTerpa.bl, BO3HHKaIOUIHe B IpPaBOil
yacTh (12B), cXoAsilHeCs, HO HHTETDHPOBAaHHE 3aTPYAHEHO POMO3JKHM BH-

it

C'z::&'
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aom (13a). AnnpokCHMHPYeM B TOIBIHTErpAIbHBIX BHIpaXKeHHsix f(2)

(yHxuued
\y —[2In2.-z2—(2In2—1)2%, (14)
l/}l/ HMerollel MaKcHManbHoe YKJAoHeHue oT f(2) B 3%. Dpanuunbie ycnoBus
X BMECTe ¢ TpeGOoBaHHEM OTCYTCTBHS PACXOASIIHXCS YJEHOB (OHH BO3HHKAIOT
npH Yo=x1/4) TMPHBOAAT C TOYHOCTBIO JO NEPBOrO MOPSAAKA MO & K BHIpa-
JKEHHIO
v \“1/ ~ e
B q:sin2¢0[1+?(1n2+1)], (15)
€ % £ KOTOpOe OmpejefsieT NMpele/bHyl0 CKOPOCTb, 3aMETHM, YTO 1z, BHA KOTOPOI

37ech He NPHBOJIMTCA H3-3a €e FPOMO3AKOCTH, B OTJIHYHE OT W, yikKe He 06-
Jlajiaet omnpejeseHHol cuMMeTpHell mo 2.
Cornacio (15), mpexenbHasi CKOPOCTh 1S MIEHOK ¢ A< A BO3pacraer

C '&A c pocToM h M JeXHT BBHIUE YOKepOBCKOro mpeiena Gaoxosckoit AT g=1.
A ‘@ XoTa pocT mpenesbHOil CKOPOCTH ¢ TOJMIIMHON MJIEHKH W HaGmaioancs 3Kc-
riepuMenTanbho [4], HO B oranume ot (15) HaGaiofaBuIasicss 3aBHCHMOCTb

(’\.HQ)KHT B o6nactH A>A u orHocutest K ckopoctsam AT g<1. Ecau B o6ia-

\\' ctu h>A cnpaBenauBa Teopus CJIOHYEBCKOTO, COTIACHO KOTOPOH g~h—!,
70 ¢ yyetoM (15) MOXKHO AONmyCTHTb, 4TO B OGJIACTH TOJUIHH A~ A MOXKET
HMETb MeCTO MaKCHMYM IIpelesbHOil CKOPOCTH.
TlonoGubIM ke 06pa3oM MOMKHO BBISICHHTb POJMb MAarHHTHBIX TOJMEH B
I( nJIocKoCTH TJeHKH. OKaseiBaeTcsi, uTo nepekmouenne noasprocty CAT B
fY‘ none H, u nepexoa or HeeJeBckoli k ckpyuennoit JII' B moae H, mpoucxo-
JIHT TpH 3HaueHHsXx =~ 8M, xapakTepHeIX 1.1s CB0GOIHOI GaoxoBckoil AT
Q B Teopun CJIOHUEBCKOTO.
4. TlpencraB/sieT HHTepec paccMOTpeTb CTAallHOHAPHYIO IHHAMHKY Bep-
0j THKaJMbHBIX GJ10XOBCKNX suunit BBJI B TOHKHX nieHKax (TodcTble IUIEHKH
Q.; h>>AT‘CM. [5], [6]). B pa3smepubix einnnuax oGobuwenue (10) uveer
BHI [3

A M _ 2v_A[8'21b o> 1 Hy (2, y=0)

A ot M 8M
rie A —KoHCTaHTa o06MeHa; y— MAarHATOMEXaHHYeCKOEe OTHOLIEHHE;
« — napamerp 3saryxanus T'mabdepra. Cssb ckopoctu JT ¢ aABHxKyunm
MaruuTHbIM mosieM H, naetcs Bbipa:kenneM ¢=AyH./a.

Crartnueckoe peurenne (g=0p/0f=0) HAXOAMM, CUHTasi MOCTEIHHH UJIEH
B npaBoif yactu (16) Bosmymienne:

P =P (x) + Py (x, 2) +...; cosyp = thx/A; sin, = ch—ry/A;
= — Atsingy (v, 2) = ecos e () - (2, (a7)

rxe f(z) onpeneneno (5). Pacrsop BBJI MeHseTcs no TojlIHHE TJIEHKH
n3-3a ckpydennoctu JT, 6yaAyun MHHHMAJbHBIM pH 2=H/2.

Junavnueckoe pemenue (16) uwev B Buze Y(x—X(z, ), 2), rae
X(z, t) onpegensieT cKOpocTb H HcKakeHnue dopmsl BBJI npu aBukenuu
Nojx ZHeHcTBHEM THPOTPOTHBIX cuai. Cunras HeRaxenne X(z, t) manbM, B
auHeitHoM npuGanxkennn u3 (16) nomywaem 7

A X oh A _%"Q_Xﬁag_‘l‘ea_x.]:
A ot ox ' M ox 0z* 0xdz 0z

_ oy ooy 1 L@ g
- [aﬁ + 20— o cos 2y — - D sin Mp]. (18)

— 4+ — — —sinycosP -i—AL2

0 o Co‘w]’ (18)
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Tockosbky (16) B sIBHOM BHAE He 3aBHCHT OT X, TipaBasi 4acth (18) obpa-
IaeTcss B HyJb TIPH TNOJACTAHOBKe Bhipaxenust Sy=0p/0x, rae P(x, 2) Aa-
erca (17), xoTopoe Kak pa3 orseyaer TpaHcaswusm no ocu Ox. Heomwo-
poaHoe ypaBHeHue (18) paspemnMo, eciH yKadaHHoe BbIpaxkeHHe O6yner
oproroHajbHo JeBoil wactn (18). Bocmoab3oBaBiuuch NPHOJHAKEHHBIM pe-
wennem (17), noayunm
1 X [ X
O = ——— ch—! = - —f (2)/ch* — 19
= e Lo e F 2k (19)
0CJIE YEro yCJOBHe OPTOrOHATLHOCTH B JIHeHHOM 10 X NpHOIHKEHUH TIPH-
BOJHT K yPaBHEHHIO

aX 2
e 4nyM A

ax
KOTOpO€ MOJIZKHO OLITh peleHo ¢ rpaHHYHbIMI YCIOBHAMIL —-67
z

Pewenne uveer Bi1
X@h=Vi—e (’T - 1) (qV QM) %

><[(mgf%);_i_n2;a++o<mn2—1>25], e

rie V=nq}Q/2¢ — oGbiunast ckopocts BBJI [3], z=2z/h. Bropoii unen
cnpaBa (NPH ero BeIBOAE ToYHOe 3HauyeHue f(2) (5) BHOBL GBIJIO aMMPOKCH-
MupoBaHo (14)) onpepensier uckaxenue gopmbl Apmkyueiics BBJI. BBJI
HCKaXKaeTcs aHTHCHMMETPHYHO 1O TOJIINHE TICHKHU.

Otverny, yTo 3HaK cKopocth BBJI V B #cno/ib30BaHHLIX TPUG/IHKE-
HHAX 3aBHCHT TOJIBKO OT 3HakKa . Ilpu sToM ocTaercsi emle BbIPOXKIEHHE

no 3Haky sintpe: 0<po<m mmu n<tpo<2nm. ITO BLIPONKIEHHE CHHMAETCHA
ONHCAHHBIM IHHAMHUYECKHM HCKaxeHHeM popMul BBJI.

PeaysbTaTel HacTosillel PabOTH TOKA3BIBAIOT, YTO B CJyyae OUeHb TOH-
Kux mieHok [IMJI maTepnasioB, XapaKTepH3YIOIHXCS MaJOCTbIO TOJUIMHBI
IVIEHKH N0 CPaBHEHHIO C TOJIIHHON GJOXOBCKOH JIHHHH, CBOHCTBA JOMEH-
HBIX TpaHul OJH3KH K CBoficTBaMm npocroif 6ioxosckoit JIT'. B wacthocrH,
npeiesibHasi CKOPOCTb CTalHOHapHoro aBwkenust JII' B Takux mueHkax
6sM3Ka K YOKEePOBCKOI CKOPOCTH, MPEBOCXOAsl HaG.ioaeMble CKOPOCTH Ha-
CHIIIEHHSI B TOJACTHIX IJIEHKAX.

VIHCTHTYT 3JIEKTPOHHBIX Toctynuna B pelakuuio
YNpaB/IAIONIHX Maului 11 okrabpa 1983 r.
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