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O KOpPPEKTHOCTH MPOBEICHHOTO HHIMIIUPOBAHUS
CBHJICTEIBCTBYET YIOBJICTBOPUTEIILHOE COBITAICHHE
BBIYMCIICHHBIX U MOJTYYEHHBIX IKCIIEPUMEHTAIBHBIX
3naveHui 10%/d? (MakcHMaabHOE OTKIOHEHHE HE
MPEBBIIIANI0 BO3MOXHYIO omHOKy mpomepa). Cire-
JAyeT OTMETUTH eIl JBa KPUTEPHUS JOCTOBEPHOC-
TH: 1) OTHOIICHNE YK CITa TEOPETHUECKU BOZMOKHBIX
JMHUN Ha PEHTIeHOrpaMMe K YHCITy JKCIIEpPUMEH-
TaJILHO OOHAPYKCHHBIX JUTS HOBBIX COCANHEHU I HE
npeBbImaio 1; 2) xopolee COOTBETCTBUE TUKHOMET-
PHYECKUX U PEHTTeHOrpauuecKuX MIIOTHOCTEH.

AHanu3 MONyYeHHBIX TaHHBIX MOKa3al, 4YTo B
Py IIETOYHO3EMENIBHBIX METANIJIOB Ha0JI0aeT-
Csl TIOCTEIIEHHOE YBEIIMYCHUE MTapaMeTpa a 1 3Haue-
HHUII 00BEMOB 3JICMEHTAPHBIX sSYeeK. MaHTaHUTHI
LaK,Me,"Mn,O,, (rne Me" — Ca, Sr) otrocaTcs K
NPOCTPAaHCTBEHHOH rpymie nepoBckura Pm3m, u
coryiacHo [5] MOKHO MPEONOKUTE, YTO HOHBI La*,
K* u Me* HaxomsTcsi B LIEHTPax 3JEMEHTapHbBIX
sgeek, umess KU no kuciopony, paBHoe 12, a B y3-

Jax 3JEMEHTapHBIX sSUeeK HaxoauTcs uoH Mnd ¢
KY no kucnopony 6.

Wtak, BIiepBbIe CHHTE3UPOBAaHBI HOBBIC MaHTa-
nutel LaK,Ca,Mn,0,, n LaK,Sr,Mn,O,,. TIpose-
JIEHO HMX HCCIeOBaHUE METOAOM peHTreHorpagu-
YEeCKOro aHaJIM3a U ONPEAENeHbl THIIBI CHHTOHUH U
napameTpbl PeLIeToK.

JIUTEPATYPA

1. Kosba JI.M., Tpynoe B.K. Pentrenorpaduueckuii aHa-
3. M.: Usn-so MI'Y, 1969. 232 c.

2. Kueunuc C.C. TexHHKa U3MEPEHHI TNIOTHOCTH JKUJIKO-
creit u TBepabiX Tea. M.: Crannmaprrus, 1959. 191 c.

3. Hopmuou K.U., Tumogpeesa H.U. Kucnopoansie co-
CAMHEHHS PEKO3EMENBHBIX 3JeMeHTOB. M. Meramryprus,
1986. 480 c.

4. X-ray Powder Date File. Am. Soc. Testing Materials,

1972.
YK 539.26+544.451+546.65+546.7111.717+546.3

Hayuno-npousgoocmeennuiii
yenump «@umoxumusi» MOH PK,

2. Kapaeanoa Hocmynuna 4.05.2006 2.

HHU. MAPTBIHOB

COBCTBEHHBIE HEJIMHEHHBIE KOJIEBAHUS
CEHMCMHYECKOI'O MAATHHUKA

U3BecTHO, UTO celicCMHUUECKUN MasITHUK SIBJISI-
ercs “prueMHUKOM”, “UHIIMKaTOPOM” U “‘CHIEKTpaib-
HBIM aHaIU3aTOpOM~ celicMHYecKHX BOJH. bruto
YCTAHOBJICHO, YTO MAasSTHUK OTKIHMKAEeTCs Ha r'OTO-
BAIIEECS 3EMJICTPSICCHUE OT HECKOJIBKUX CYTOK /0
HECKOJIBKUX YacOB B BHJIE CYILECTBEHHBIX Bapua-
LM TIEpHOJa U aMIUTUTY Bl KPYTHIIBHBIX KOJICOaHH .
OH ucnonb3yercs Al BBIIACIECHUS MPEIBECTHUKOB
rorossmerocs 3emnerpacenusi. Haubonee riay6o-
KO€ KauecTBEHHOE MCCIIEAOBAHUE 3TOrO SBJICHUS U
CMEXHBIX C HUM BOIIPOCOB JaHO B paborax M.U.
Kamuuuukosa [1-3]. Bmecrte ¢ TeMm ciemyer oTMe-
TUTH OTCYTCTBHE TEOPHH KoNeOaHUH celicMu4ecKo-
ro MasTHHKa. B Hacrosmiee Bpems Takas TEOPHS
MHTCHCHBHO pa3pabatsiBactcs [4].

B nanHoli pabore uccnenytoTcsi COOCTBEHHBIE
HEeNTMHEHHbIE KOIeOaHus CeHCMUUECKOTO MasTHHKA.
CoOcTBeHHBIE KONeOaHUS SBIAIOTCS BakKHOH,
HEOTHEMJIEMOH COCTaBHOW 4acThIO 00X Koneba-
HUH, 0e3 uccnenoBaHUs KOTOPHIX HE MOXET OBITH
MOCTpOEHa 0011ast TeOpHsI KoNeOaHUH.

CoOcTBeHHBIC 3aTyXalIue KoJedanus
ceiiCMHYeCKOro MasiTHHKA

PeanpHBIE cucTEMBI HE KOHCEpBATUBHBL. [Ipo-
LIECC IUCCUTIAIINY SHEPTHH B HUX CYLLIECTBEHHO BIIU-
S€T Ha UX ABW)KEHHE. Y paBHEHUs ABMKCHUS 3aTy-
XaroUMX KoxeOaHUH CeHCMUYECKOT0 MAasITHUKA IIPU-
BesieHbI B [4]. B Ge3pa3sMepHBIX MEPEMEHHBIX OHU
UMEIOT BUJ
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F2+ 2‘Llf01_)2 + ‘leqz = 0,

P3+ 2‘Llf0P3 :0’ (2)
rae (1 — Manblii napamerp (OTHOIICHUE JTHHEHHBIX
Y9aCTOT KPYTHJIBHBIX KOJCOAHHN K HYTAlHOHHBIM);
f, — koo puuuent tpenus; {;,J,, ; — 0606men-
HBIC KOOPANHATHI (B SIBHOM BH/IC OHHU BBIPAXKAIOTCS
Yepe3 yriibl HyTalllH, TPElecCud U COOCTBEHHOTO
Bpaulenus masTHuka [4]), a P, P,, P, — coorBer-

CTBYIOIINE 0000IIEHHBIE HMITYJIbCHI.
U3 tperbero ypaBHeHus (2) mocie HHTErPUpPO-
BaHUS UMEEM

D D A-2ui
P,=Pe""". (3)
B pa6ote [4] mokazaHo, 4TO BBEICHHE KOOP/IH-

nat Oy, ,, Q3 mosBomser pa3outs pynkumio ['a-

MUWJIBTOHA Ha MaplualbHbIC YHEPTHUH TaKUM 00pa-
30M, YTO 3aKOH UX H3MEHEHHS BO BDEMECHH HE 3aBU-
CHT OT JPYrMX MapUUalbHBIX dHeprui. [loatomy
MEePEKAYKH SHEPIHU C TOYHOCTHIO 10 L BKIIOUH-
TEIHO MEXJy CTEHEHAMHU CBOOOIbI (, U (|, HET.
OOMeH sHepruei MexIy HUIMHU IIPOUCXOAUT Ha 00-
Jiee HU3KOM YPOBHE, U UM MOXKHO ITpeHeOpedb. ITO
MO3BOJISIET pacUICNHTh cucteMy ypaBHenwuii (1), (2)
Ha MMOJICKCTEMBI U 3HAYUTEIILHO YIIPOCTUTD PEIICHHE.

Beipaxast FZ u3 BTOoporo ypaBHenus (1) u mon-

CTaBJIsII BO BTOPOE ypaBHEHHUE (2), moimyyaem

0o+ 2ufg Gyt G, =0- )

Pemenue ypasuenus (4) npu f; < 1 umeer Bun

q, = Ae 0 cosi,, (5)
rae
Wy =post +e,, @, =11- . (6)
Torma
P = §) ot ? ot
P, :(qz+§ 3j::uae f |:Eoe -
— A, cos(iy, —e, )} (7)
rae

f, =cose,, m, =sine,, f/ +w; =1. (8)
B nanpHeiimeM uepTouku Hal Oe3pa3MepHBI-
MH [TEPEMEHHBIMH OITyCKaeM, TJIE 9TO HE BBI3BbIBACT
Hefiopasymenuil. Beipaxkaem R, u3 mepsoro ypas-
Henus (1) u moacTaBnsieM B epBoe ypaBHeHHE (2):

. . PZ 2 o2 PZ
q,+ lefo g,+0; — % = %(qs -0, — q_31 (9)
JlenaeM 3aMeHy MepeMeHHOM:

g, = ue Aot (10)

[Moxacrasnss (10) B (9) u yuursiBas (3), ypas-
Henue (9) npuBOIMM K BUTY

e - -

2 .2 2

_;Ll_ —2 uft 3 _ _ -0
= 4 e u uu U (11)
O06o3Hauaem
2¢2
f
5:1+ﬂ2f02’a)0:2 1—/J 0 ) (12)

2

Pemenue ypaBHenus (11) wmem meromoMm Ba-
pHUAaLKU IPOU3BOIBHBIX TOCTOSIHHBIX B BUAE

weOASINy

= J5(a + Acosy), u=—
u=/6(c+Acosy), u o

l//:a)o(t—ﬁ)’

A=yJa?-PZ, P2 ={l-p2 122, (13)

rlie a U f— Hen3BecTHBIC PYHKIMU. 3aMEHSEM YpaB-
HeHue (1) SKBHBaJICHTHON CUCTEMOI ypaBHEHUH T1ep-
BOTO [TOPSIAKA, TPUBEACHHON K CTAaHAAPTHOM Qopme
[5], Torna momyuaem
. L 2 A
(04

2
- 0

sin2ye ",

2
v =, —%(AO + acosq/)cosq/e_f, (14)

rae v = 2uft — Mennennoe Bpems.
HeaBToHOMHYI0 3aMeHy MepeMeHHBIX Kpbuto-
Ba—boromo6osa uiem B Buae [5,6]:
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a =5+u2u1(7,5,t/7)+ u4u2(1,07,t/7)+...,

I N _ (15)
v = +u(, @, i)+ utv,(c,a,7)+ ..
Ota 3ameHa npeobpasyer cuctemy (14) B cucteMy cpaBHEHHS:
dz
i = HSea) sy (ea)+
dy , 16
I+ 6 0)+ G () =
Iie &, Y — ycpeaHeHHble 3HaueHus, a S, G, ... Uy, V, — HEH3BECTHbIE (PYHKIHH.
[TpoBons HEOOXOMMMBIE ONIEPALIMH JUIS METO/IA YCPEIHEHUS, MOJy4aeM CHCTEMY YpaBHEHUI
ou, 1 A
—=——<S,(r,a)+—-sin2ye"
Y lsea) Sanae
o, 1 N A @ N
—=-—1Gy(r,&)+| =cosy +—(1+cos2y)e”"
o7 2{ 1( ) {2 14 4( V/)} } (17)
A=\a’-P§

VYepennsst npasbie yacTu (17) mo Y/ u nmonaras nX paBHBIMH HYJIIO, OIIpeZIeIsieM Sl(z', a ), G, (T, a ):

S,(r.@)=0, Gl(r,o—c)z—%e". (18)

[MoxacraBnsiem (18) B (17) u BHINONHSAEM HHTETPUPOBAHUE

A - A I
ul(r,a,lV)=Ee" cosZW,vl(r,a,l//)=—T Asiniy +Zsm21// ,

2 ,UZ . a
a=a+2 A% cos2i | l//=l/7——e_r[A3inl/7+—3in2!/7] (19)
16 4 4
da W 2a
A
dt dt 4
s MOCJICAHUX NBYX COOTHOIIICHHUH MOCIIe HUHTCrpUupOBaHUs 11O t cJienyer
a—ao—const,l//—a)ot—s—fa(l—e )"“/’o- (20)
0

Ompenensiem Qg U Yy, Hcmons3ys cootHomenus (20):

2
— H -2 T
ay =0y ++——A5C0S82 a
T Wo’ WO:Vo—%z[zosmvﬁaﬁfsinz%] (21)
- —2 2

IJI€ HaYaJIbHBIE aMIUTUTYlY Ol U Ga3y |/ ) HaXOIUM U3 HaYaJIbHbIX YCIOBHH!
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Ug =Gp = o + Ago COSYg oyt ( . j SA S
UgUo = 20g| Ugpt Mgl1o |=—@ sinyg, (22)
2 o2 , ¢Ug 10| U107t Hlolio 090200 0
Ago =y ag —Pg

Paznaras &O o CTCICHAM MAaJIOrO MmapamMeTrpa M U yUYUTbIBAad, 4YTO l/70 MOXHO ITOJIOXKUTH PaBHBIM

Hymo [4], nonyyaem

2
H 2
a=ay=0y——A~Aq, 0,
0 0 16 00: Yo=Vo
2,2 2
a=oy+2 Bo (e" OS2 —1), W=y — “Te" [AOO siny + %sin 21/7] (23)
V_wot—ifa(l—e")
0

Torma

xuzAzoo
16/(ay + Ago COSY)

q, =voe 234/(ay + Ay COSY) + e sin?i7 + (24)

1(_ ) fepE
+—(e " 1)1+ %0 cosi |+ -0 --cosiy
2 Ao 4A00
IMoacrasmss (3), (5), (24) B (1) v BEIIONHSISI KHTETPUPOBAHUE C YICTOM HaYaIbHBIX YCIOBUH, MOTyYaeM
2 T t
p(1— pa)Py ), HaA, ™2 Py
t)=m T O l—ef )]+ 5—<| cose, —e 2coS + | —2dt

%lt)="g¢ be)e i 2 vo |l (25)

[Ipn fO — 0 coorHomenus (24), (25) mepexosT B COOTHOLICHHE JUII COOCTBEHHBIX CBOOOIHBIX KOJIE-
OaHMH, Ipy >TOM MHTErpal B IpaBoi yactu (25) Beruncisercs B koneunom suje [4]. Ilpu P = 0 nonyuaem
JMHEWHO TMOJISIPHU30BaHHbIC KonieOanus [4].

Kak BHIIHO U3 IPUBEAECHHBIX COOTHOIICHHH, 1J1s1 HETMHEHHBIX KoJIeOaHi XapaKTepHBbI TOsIBICHHE 00ep-
TOHOB M 3aBHCHMOCTb aMIUTUTY M YaCTOT KOJIeOaHUH OT Ha4albHbIX YCIOBUN U KO3 PUIIHEHTA TPEHHUS.
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Pe3ome
CeiicMHUKaIbIK MasSTHUKTIH MEHLIIKTI CBI3BIKTBI eMeC TepOericTepi KapacThIpbUFaH.
Summary
Natural nonlinear oscillations of seismic pendulum were considered.
VK 534.1+550.348
HUMMaw um. V.A. [oconoac6exosa MOH PK, 2. Anmamer IHocmynuaa 3.06.2006 .
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