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IIpu momoru Teopuu MHOTOBOJIHOBOTO PACCESIHUS MCCIETOBAHBI COOCTBEHHBIE MOJIBI B TpuUMepe u3 Oec-

KOHEYHBIX [IUINHIAPOB B (DOpPME PABHOCTOPOHHETO U PABHOOEAPEHHBIX TPEYTOIbHUKOB. Ilomyuensl ypaBHeHns

Ha COOCTBEHHBIE YACTOTHI MCKJIIOYUTEIbHBIX TOY€EK, B KOTOPBIX IIPOUCXOJAUT BBLIPDO2KJICHHE COOCTBEHHBIX Yac-

TOT ¥ COOGCTBEHHBIX BEKTOPOB. CHMMeTpHsi paBHOOEIPEHHOTO TPEYTOJIbLHUKA O0YCIABIUBAET OTIEJIEHUE MO/,

AHTUCUMMETPUIHBIX BIOJIb HAIIPABJICHUsI OCHOBaHUS. B ciydae, KOrga TPeyroJlbHUK PABHOCTOPOHHUHN, MOJIbI

pacliagaloTCd Ha CUMMETPUYHDBIC U JABaKJbl BBIPO2KIECHHBIEC BpallaTe/JIbHbIE MOJBI. O6Hapy>KeHo, 9TO 3aTyXa-

onmpe CMMMeTpUYHbIE MOJIbl B TpPUMEpe NMEI0T 6OJII>H_IyIO ILO6pOTHOCTB II0 CpaBHEHUIO C JUMEPOM, 9TO UMeeT

3Ha4YeHue JJjid IIPaKTUICeCKUX HpI/IMeHeHI/Iﬁ a(b(beKTOB Ha OCHOBE MCKJIIOUMUTEIbHBIX TOUeK. Takxke ObLIo ncciie-

JOBAHO ITOBEeJCHHNE KOMIIJIEKCHBIX COOCTBEHHBIX 4acTOT B TpuMepe B (bopMe pa.BHO6e,HpeHHOI‘O TpeyroJbHUKa B

3aBUCHUMOCTH OT COOTHOIIIECHUA JJIMH OCHOBaHUA U OOKOBOI CTOPOHBI. B TOYKeE, COOTBeTCTByIOH.Ieﬁ PaBHOCTOPOH-

HEMY TPEYIrOJIbHUKY, ,ZLO6pOTHOCTb CUMMETPUYIHbIX MO/ UMeeT JIOKAJIbHBII MaKCUMYM, & aHTUCUMMETPUIHBIX —

JIOKAJIbHBIA MIHAMYM.

DOI: 10.31857/S1234567824090131, EDN: BQHIGN

B nociienee Bpemsi, onTuKa CUCTEM C yCHJIEHUEM U
[IOTEPSIME CTAJIA OJHUM U3 IIPUOPUTETHBIX HAIIPABJIEHUN
B HanodoroHuke [1-4]. CoGCcTBEHHBIE YaCTOTHI TAKHX
CUCTEM OITUCHIBAIOTCS HEIPMHUTOBBIMU TaMUJIBTOHUAHA~
MU, a COOCTBEHHBIE MOJIBI HE SIBJISIFOTCS B OOIIEM CJIydae
OPTOrOHAJILHBIMU. B mpeesibHOM cirydae, KOTOPBIH J0-
CTUTAETCS B TAK HA3BIBAEMBIX UCKJIIOIUTETHHBIX TOUKAX
(EP), raMuJIbTOHMAH HE MOYKET OBITh JMATOHAJN30BaH
(cooTBeTCTBYIOIAS MATPHUIA CTAHOBUTCS JeEeKTHOI),
YTO MPOSIBJISIETCS B BBIPOYKIIEHUN COOCTBEHHBIX YACTOT,
a cODCTBEHHBIE BEKTOPbBI IIPU ITOM CTAHOBSITCS IapaJi-
JIeJIbHBIME. TaKoe BBIPOXKIEHUE IIPUBOIUT K MHOXKECTBY
onTuIecKnX 3H@PEKTOB, TAKAX KAK OJHOHAIIPABJICHHAS
nepejiava cBera 6e3 orpakenus |5, 6], HapyIIeHne B3a-
uMHOocTH [7] M paciiemieHre COGCTBEHHBIX YACTOT II0
KODHEBOMY 3aKOHY IIPH CHSITHU BBIPOXKeHHs [8].

B doronnke nckimounTebHbIE TOYKHA OOBITHO U3Y-
YAIOTCd B KOHTEKCTE CHCTEM C CHMMETPHEH YeTHOCTb—
BpeMs (PT). B a1oM cilydae OHE COOTBETCTBYIOT YCJIO-
BHUSIM II€PEXOJIa K PEXKHMMY PaspylleHus CHMMETDPUU,
B KOTOPOM BMECTO JBYX BEIIECTBEHHBIX YaCTOT ITOSIB-
JISIIOTCSL JIBE KOMILIEKCHO COTpsi?KeHHbIe. OIHAKO Ha-
JINYMe B CHUCTEME CHUMMETPUU YEeTHOCTb—BPEMsI BOBCE
HEe sIBJISIETCsl 00s3aTe/IbHBIM YCJIOBHEM CYIIECTBOBa-
HUsI MCKJIOYUTEIHHBIX Touek. Cpen HUX — ILJIa3MOH-

De-mail: alexey.dmitriev@metalab.ifmo.ru

HbIE BOJIHOBOJBI HA OCHOBE CTPYKTYP JHIJIEKTPUK—
MeTaJUI—U3JIEKTPUK [9], mepuosuueckne MacCuBbl IU-
Junapos [10], KkBajpyMep U3 KpeMHUEBbIX JucKoB [11],
ACUMMETPUYHBIN JUMED JTUIJIEKTPUIECKUX I[UJIMHJIPOB
6e3 noreps [12], a Tak:Ke oTENIBbHBIE YACTUIBL B (hOpMe
ranresn [13], cheponna [14] n konyca [15].

ITomumo 3TOrO, O6BHLIO OOHAPYKEHO BO3ZHUKHOBEHHE
UCKJIIOYATEbHBIX TOYEK B CHMMETPUYHBIX JUMEPAX
JIUDJIEKTPUIECKUX OECKOHEUHBIX LUUHAPOB [16] u
cdep [17] oauHAKOBOrO pajsuyca, BBHIIOJHEHHBIX U3 OJI-
HOTO W TOTO K€ Marepuaja 0e3 MOTepb. YCTAHOBJIEHO,
9TO MOSIBJICHUE STUX HMCKJIIOYUTETHHBIX TOYEK CBI3aHO
C HAJIMYKMEM 3aBUCAMOCTHU KO3 (DUIIMEHTA CBSI3M MEXKLY
JaCTUNAME OT 4acTOTHI [17].

[esib HACTOSIIIIEIO UCCJIEIOBAHUSI COCTOUT B UCCJIE-
JIOBAaHUU BO3MOXKHOCTH yBEJUIEHUU TOOPOTHOCTH MO,
UCKJIIOYATEIbHBIX TOYEK 38 CYeT IMOHUYKEHUS CHMMET-
pUH, 9TO UMeeT BaXKHOE IIPUKJIAIHOe 3HaUYeHne. B kade-
cTBe 00beKTa ¢ H60JIee HU3KOM, UeM y JuMepa, CUMMET-
pueii, pacCMaTpPUBAETCA TPUMEP B popMe paBHOOEIPEH-
HOT'O TPEYTIOJIbHUKA, ¥, B YACTHOCTH, B (P)OPME PABHOCTO-
POHHErO TPEyroJIbHUKA.

O06beKT uccie[0BaHusl IPeICTaBsieT coboit 1By Mep-
HYIO CHCTeMy U3 OECKOHEUYHBIX IUJINHIPOB, IIEHTPHI KO-
TOPBIX HAXOAATCHA B BEPIIMHAX PABHOOEIPEHHOTO Tpe-
YTOJIHUKA C JJIMHON OCHOBaHWs d; W OOKOBOI CTOPO-
ubl — dg (cm. puc. 1). Paguye mumuaapos R < (dy,ds).
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Puc. 1. (LgerHoit onunaiin) (a) — Dckus ucciempyemoit cu-
CTEMBI — TpUMEpPa 6ECKOHEUHBIX JIUIIEKTPUIECKUX [TUJIAH-
IpoB B (hopMe paBHOOEAPEHHOIO TPEYTOJIBHUKA C OCHOBa~
HUEM JIJTHHOM di; 1 GOKOBBIMU CTOpPOHAMU JJTMHON d2. Bee
TPU TMJIUHJIPA MMEIOT OJUHAKOBBIA DaJIUyC U BBIIOJIHE-
HBI U3 JUIJIEKTPUKA C OJUHAKOBBIM ITOKA3aTEeJIeM TIPEIOM-
seans. (b) — WnmocTpanys BBIPOXKICHUS PACIPE/ICTICHUS
MAarHUTHOTO TOJIsI BYX CUMMETPUIHBIX COOCTBEHHBIX MO/T
TPUMEPOB GECKOHEUHBIX IUJIMHIPOB C MOKA3ATEJEM IIPe-
gomienns n = 1.7 4+ 0.007¢ B ¢popme paBHOCTOPOHHETO
TpeyroJbHUKa B UcKiounTesnbHoit Touke (EP), xoropas
obpasyercs npu di = dz2 = 15R

Ocpb z BbIOpana BJIOJIb OCell IMANHAPOB. B 1ByMepHOit
3agade pemrenue pacrnagaercd va TE n TM monspusa-
I[UU, KOTOPbIE MOTYT OBITH MCCJIEIOBAHBI HE3aBUCUMO. B
JaHHOM paboTe Oyner paccmarpuBaThbesa TE mosspusa-
IS, B KOTOPOif BeKTop MarauTHoro moasa H = [0,0,] "
napaJijiesieH OCU IUIUHAPOB; ipu 3ToM it TM noststpu-
3anuu Qu3ndecKkas KapTHHA He OTJIMYAETCs, U JIeTAb-
HOE M3JIOYKEHHE ITOTO CJIydast OKA3bIBAETCS W3JIUITHIM.

Ha ocHOBe Teopuum MHOTOBOJIHOBOTO PpAaCCESHUS
[18-28] Moxker OBITH 3ammcaHa CHCTEMa yDaBHEHHI
CBSI3AHHBIX JIATIOJEH JJIsi CHCTEMbl W3 TPeX I[UJINH-
zpos [17, 29]

(E — Go A) P = @oPexc;

[0 E(2d) 2(2a)
L=|2(2d;)) 0 Z(2d)], (1)
=(2d) E(2d) 0

e E — equHUYHAS MATPUIA, g — JUAMOJBHBINA KO3h-

durment Jlopenna-Mu mis muamHIpa, W — Y9aCTOTA,

€ — CKOPOCTb CBETa, P — BEKTOD JUIOJILHBIX AMILIU-

TYJI, IIMJIMHJPOB, Pexe — BEKTODP BO30OYKeHUs, a =(x) =
1

= H(() )(x) — KO3 PUIUEHT CBSI3U JUIOJbHBIX MOJI 11U~
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sHApoB (pyHKIMst XaHKest; TIPeIIoIaraeTcs 9acToT-
Has 3aBUCHMOCTD e~ “!),

Annpokcumupyst kospdunment Jloperrma—Mu B67-
31 PE30HAHCA IIPOCTHIM TIOJIIOCOM ag ~~ iI'/(w — wp), Tae

wp — moJtroc paccegnusd, a I' = —i lim ag(w — wo) — cu-
w—rwo

JIa. OCIMJLIIATOPA, MOXKHO IIPHBECTH yPaBHEHHE Ha COO-

crBeHHble MOJBl K Buy (H — wE)p = 0 [29], rue ad-

(l)eKTI/IBHHﬁ TaMHJIBTOHHAH
wo I'= ( % dl ) I'= (

7'2: FE(%dl) wo T (
FE(%dg) FE(%dg) wo

d2)
d)| . (2)

(1]

ol€ olg

JlaHHbBI TAMIJIBTOHIAH 3aBUCUT OT COOCTBEHHOI IaCTO-
THI W, TAKAM 00Opa3oM, 3a71a9a O ITOUCKE €ro COOCTBEH-
HBIX 9HCEJI 3alUCBIBACTCSA B ODODIEHHOM BHUJIE TOUCKA
uyneit gyaxmn f(w) = det(H — wE). U3-3a cummer-
puK paBHOOEPEHHOIO TPEYTOJbHUKA, f(w) MOXKET ObITh
pejicTaBieHa B (haKTOPU30BAHHOM BU/IE

flw) = [wo —w-TZ= (%dlﬂ x (3)
x [(wo — W) 4TE (%d1> (wo — w) — 202=2 (%dg)} .

st Toro, 9To0BI MOJYyYUTHh YPABHEHUsI HA YaCTO-
TY HUCKJIIOYUTEIBHOW TOYKUA WEp, HPOCJELyeM IIPOIe-
nype, onucaHHON moapobHo B [16]. Pasmoxum f(w) B
psin Teistopa BokpyT wgp. [Ipu paBeHCcTBE HYJTIO TIEPBBIX
IBYX KO3(hMUINEHTOB PA3JIOKEHUS KOPEHb NMeeT KPaT-
HOCTHh HE MEHee 2 M OKa3bIBAeTCs KAHJINJIATOM Ha WC-
KJIIOYUTEIbHYIO TOUYKY. Bbuio nokaszano [17], uro takue
JNBYKpPATHbIE KOPHU JIEACTBUTEHHO SIBJISIIOTCS UCKJTIO-
YUTEIbHBIME TOYKAMHU. TakKuM 00pa30M, ypaBHEHUS HA
YACTOTY UCKJIIOUUTEIBLHON TOUKHU MOJIYIAIOTCS U3 YCJIO-
Buit f(wep) =0u f'(wep) = 0.

BaxkHabIM 00CTOSTEIBCTBOM SBJISIETCS TO, UITO B CJLY-
qae, koryia dyHknus f(w) dakropusyercs, OnucaHHyO
IIPOIEYPY MOYKHO BBIIOJIHSATD JIJIsI KaXKJ0I'0 COMHO-
JKUTEsT B OTJEJbHOCTH. JIjIs 1epBOro COMHOXKHTEJIsT
B KBaJIPATHBIX CKOOKaX, KOTOPBI COOTBETCTBYET COO-
CTBEHHBIM MOJIAM, AHTUCUMMETPUYIHBIM OTHOCHUTEJIHHO
BBICOTBI, OIIYIIEHHON Ha OCHOBAHME TPEYrOJIbHUKA (z1a-
Jiee JUtsi KPATKOCTHU Oy/IleM TOBOPHUTH “a@HTUCAMMETPHY-
HBIM 110 HAIIPABJIEHUIO OCHOBAHUSA), TIOJTY TAKOTCST TAKUM
0o06pa3oM cJIeJIyIolue ypaBHEeHUsI Ha YACTOTY UCKIIIOUN-
TEeJbHON TOYKN M COOTBETCTBYIOIINII IIOJIIOC PACCEAHUA
OJIHOTO TMJINH/IPA!

wepd
wo =wgp +I'= (%>7

%:’ wE—Pdl -1
c = c ’

6*
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Koadpurment cBsa3m MexKIy JaCTUIIAMEA COAEPIKUT
ocummpyoyo QyHKImo Z(x), CIe0BaTeabHO, OH
ABJIAETCS ocuuuupytomeit dynkuumeit gacrorot. 13 sro-
ro cjleflyeT Hajuaue y cucreMbl (4) GeCKOHETHOTO 9hC-
Jsa pemtenuit [17]. Tak, Tpumep umeer GecKOHEUHOE YHC-
JIO aHTHCUMMETPUYHBIX JUIIOJIBHBIX MOJ C Pa3/JIUIHbIM
YUCJIOM HyJIEH MOJIsT Ha OCHOBAHWU TPEYTOJbHUKA. BbI-
POXKJIEHHE PACIIPEJICTEHUH OISt IBYX TAKHX MOJ H CO-
OTBETCTBYET UCKJIIOYUTEIbHON TOUKE.

Crour OTIEIBbHO BBIAEIUTH TOT (DAKT, ITO ypaB-
Henus (4) COBHAJAIOT C TAKOBBIMHU JJisl UCKJIOYUTE b
HBIX TOYEK, 00pPa30BaHHBIX IIPU COBIIAICHUM JBYX AHTHU-
CUMMETPHUYHBLIX MOJ, B AUMepaX AUIJIEKTPUICCKUX dac-
tur, [17, 30]. HeiicrBuresibHO, 110J1€ JAHHBIX MOJL SIBJIsI-
eTcs HyJIeBbIM Ha, JINHUU, Ha KOTOPOIl HAXOAUTCsl TPeTHii
UIMHAD (BEPINNHA), CJIe0BATEIHHO B3aUMOIeHCTBIE C
9TUM IUJMHJIPOM OTCYTCTBYeT, U 3(P(PEKTUBHO B JaH-
HOH MOJIe y9ACTBYET JIMIIb OCHOBAHWE TPEYTOJHHUKA,
TO ecThb JUMep.

Jljist BTOPOrO COMHOXKHTEJIST TOJIYHIAIOTCS CJIELYIO-
mpe ypaBHEHUs HA 9aCTOTY UCKJIIOYATENLHON TOIKM:

FQd% - prdl - prdl +
C Cc - Cc

o
[

(T (us
C
Jo () ( )] o,

= (22)

4EE(WEPCI2)E ( EP 2)
WE

wo = wgp + I'—= Fdl ( 2)

(6)

Paccmorpum  oTaesibHO citydali  paBHOCTOPOHHETO
rpeyrosbuuka (dy = d2 = d). B srom ciayuae, ypasHe-
Hre (3) MoXKeT ObITH (PaKTOPU30BAHO HHBIM CIIOCOBOM:
fw) = [wo —w + 2NE(4)][wo —w — TE(2)2. (7)
Takum 00pazoM, UCKIIOIUTESbHAST TOYKA, OMUCHIBAIO-
miasicd ypaBHeHusMu (4) U COOTBETCTBYIOIIAA AHTUCHM-
METPUIHON COOCTBEHHON MO/I€, OKA3bIBAETCs BHIPOK JIE-
Ha JIBaKJbl. JleficTBUTEIbHO, U3 TEOPUU I'PYIII CJIeIyeT
Hajmane B cucreMe ¢ cummerpueit Cs IBYX BBIPOXKIECH-
HBIX MOJI “BpAIlleHHsl TI0 U IPOTUB YaCOBOM CTPEJIKH,
KOTOPBIE TAKKE MOT'YT OBITH IIPEJICTABICHBI B HEOPTOTO-
HAJIPHOM 0a3uce M3 aHTUCHMMETPUYHBIX O ABYM Deb-
paM MO/, I CUMMETPUYHOUA MOJIe, KOTOPOIi B JaHHOM
CJIydae COOTBETCTBYET IMEPBLI COMHOYKUTEIh B KBa/I-

PATHBIX CKOOKaX. ¥ pAaBHEHUS HA UCKJIIOYUTEIbHYIO TOU-

KY JIJIsl HETO
wepdi
wo = wgp — 2I'E (T) )

(8)
2%:/

c c

wepdy _1q

Paccmarpusast caydaii (dy = dz) B ypaBHeHusix (5) u
(6) HerpyHO Takxke npuiiTn K ypasHenusMm (4) u (8).
Ha pucynke 1b mokasano pacupeesieHne moJisi CHMMET-
PUYHON MOJBI B MCKJIIOUUTEHHON TOYKe, KOTOpas 00-
pasyercst Ha uacrore wgp = (1.728 4+ 0.066¢)c/R npu
dy = do = 15R. [I1a cpaBHEHHUS TOKA3aHbI IBE CUMMET-
pUYHBIE COOCTBEHHBIE MOJBI TpuMepa ¢ d; = do = 13R,
KOTOPBIE B UCKJIIOYUTEIHLHON TOYKE OKA3BIBAIOTCS BbI-
DOKJIEHBI.

Ha pucynke 2 moxkazanbl COOCTBEHHBIE TaCTOTHI TH-
Mepa C paccTosinueM d 15R Mexy NeHTpaMu ITu-
JINHJIPOB W TpuMepa B (OpMe PABHOCTOPOHHETO Tpe-

YTOJIBHUKA CO CTOPOHOU di = da 15R. Kowmrmiekc-
0.1 T T T
Equilateral
triangle A Tl% &
EP modes ATAV & ~ 0O
Or Symmetric g |
) f Vo~
Q { Rotating
~ Isosceles triangle
HSL‘,: —0.1+ Vo EP modes i
g Af d=095d,: v~0
= mi d=1.05d,: 7AO
-0.2} dimer EP modes
O Symmetric
V@ + Antisymmetric
-0.3 . . .
0 0.5 1 1.5 2

Rew,d/ c

Puc. 2.

4acTOTBhl JUMepa M TpUMepa B BHJle PABHOCTOPOHHErO

(IBernoit onmnaitn) Kommiekcublie coGCTBEHHBIE

(di = d2 = d) u paBHOGEIPEHHBIX TPEYIOIBLHUKOB U3 Gec-
KOHEYHBIX JUIJEKTPUUECKUX IHJINHJPOB, COOTBETCTBY-
IOIIUE MCKJIIOYUTENHLHBIM TOYKaM. MapKepbl pas/nmaHoiM
OPMBI COOTBETCTBYIOT MOJAM: CUMMETPHYIHON B JUMEPE
(kBaApar), aHTUCUMMETPUYHOH B auMmepe (TOUYKA), CHM-
METPUYHONW B TpuMepe B (hbOpME PaBHOCTOPOHHErO Tpe-
yTOJIBHUKA (3BE3/1a) U BpallaTeIbHbIM B TpuMepe (poMob);
MapKepbl B pOpPMe OCTPOYTOJIBHBIX TPEYTOJHHUKOB, Ha-
PaBJICHHBIX BBEPX WM BHU3, IOKA3BIBAIOT COOCTBEHHBIE
9acTOTHI TpUMEpa B popMe PaBHOOEJIPEHHOTO TPEYTOJIb-
uuka ¢ d2 = 1.05d;, a Tymoyroapubix — ¢ d2 = 0.95d;.
Crpesiku MOoKa3bIBAIOT yBEJIMYEHUe T0OPOTHOCTH TIPH Iie-
pexojile OT CUMMETPHYHBIX MOA auMepa K Tpumepy. TE
nonspusanus, d = 15R

HbIe COOCTBEHHDBIE YACTOTHI BPAIATEILHBIX MOJ, TPHUME-
pa COBIIQJAIOT C YaCTOTAMU AHTHUCUMMETPUYHBIX MOJI
IIucema B 2KOT®
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Puc. 3. (IIsernoit onmnaiin) CobcrBeHHBIE YaCTOTHI TpUMEpa B hOpMe paBHOCTOPOHHEro tpeyrosbHuka (di = d2 = 15R), kak

3aBUCAMOCTH KOMILIEKCHON OTCTPOMKU dw — 10y OT MCKJIIOIUTEIHHON TOUKHU: 9acTOTa COOCTBEHHON MOJBL (&), Koaddumment

3aryxanus cobcrBeHHOM Mombl (b)

JEMepa, B TO BpeMsl, KAK YaCTOThl CAMMETPUYHBIX MOJI
TPUMePa PACIIOJIATAIOTCS B 001aCTH OOJIBIITNX 3HATEHUM
M0 MHUMOH OCH 0 CPABHEHUIO C YACTOTAMHU CHMMET-
pUYHBIX MOJ juMepa. OTpurarebHas MHUMAasl JacThb
YAaCTOTHI COOTBETCTBYET 3aTyXalOIIMM MOJAM, a II0JIO-
JKUTEJbHAS — YCUJMBAIONIMMCS, TAKUM O0Pa30M, JJIst
YaCTOT, HAXOSIIMXCA HA OTPUIATETbHON MHUMOI I10-
JIyOCH CUMMETPUYHBIE MOJIBI TPUMEPa UMEIOT yBeJIUIEH-
Hyio jobporuocts Q = —Rewgp/Im2wgp no cpasue-
HUIO C JINMEPOM, a Ha IIOJIOZKUTEIbHOM — 60JIbIIHi KO-
durmenT ycuyieHusi. Takum o6pasoM, J00aBjeHHe Tpe-
THEro MWJINHJPA He MPUBOJUT K M3MEHEHUIO YaCTOTHI
(puc.2), HO IPHUBOJUT K YBEJUYEHUIO JOOPOTHOCTHU 3a
CYET NOHUYKEHUSI CHMMETPUU CUCTEMBI.

Ha pucynke 3 mokazambl cCOOCTBEHHBIE 9aCTOTHI W
TpuMepa B (pOpMe PABHOCTOPOHHEIO TPEYIOJIbHUKA C
mmHON cropoubl d = 15R B OKPECTHOCTH HUCKJIIOYH-
resibHOM ToukM wrp = (0.67 — 0.14)c/ R, KoTOpast coot-
BETCTBYeT BpalllaTe/bHbIM MOJaM. lJist TaHHOM MCKITIO-
IUTEJbHON TOYKH W (0.68 — 0.03i)c/R, uro coor-
BETCTBYeT IoKa3aTes o npejgomienusd n = 3.41 — 0.164.
Tomostorust JTMCTOB COOCTBEHHBIX YaCTOT COOTBETCTBYET

NOBepXHOCTH PUMaHa KBaI[PATHOTO KOPHS, 9TO TOBOPHT
0 TOM, YTO HCKJIIOUATEIbHAS TOYKA MMEET IePBbIH 110~
PSIZIOK, T.e. B Hell IIPOMCXOIUT BBIPOXKJIEHNE DACIIPE/Ie-
JIEHUsI TIOJIsI TOJIBKO JIBYX MOJI.

PaccMOTpEM OT/IEIBHO XapaKTep ITOrO BBIPOXK/Ie-
nust. ComHOXKUTENAM B (7) COOTBETCTBYIOT PA3JINIHBIE
COOCTBEHHBIE BEKTODBIL:

I 1]T,

V] =
-
V2:{1 (27 /3) ei(47r/3)} ’ (9)
-
ng{l o—i(2m/3) e—i(4ﬂ'/3)}
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U3 KOTOPBIX CHMMETPHYHAas MOJa Vi COOTBETCTBYET
IIEPBOMY COMHOXKHUTEJIIO B KBaJIPATHBIX CKOOKAX, & BbI-
POXKJIEHHBIE BPAIATEIbHBIE MOJIBI Vo U V3 — BTOPOMY.
Takum obpaszoM, KaxKjas TOYKA Ha JINCTAX COOCTBEH-
HBIX YaCTOT Ha PUC.3 COOTBETCTBYET JIBYKPATHO BBI-
POXKIEHHBIM BPAIATEIbHBIM MOJIAM, & OHH, B CBOIO OUe-
peib, IMEIOT Pa3Hble PACIIPEJIEJIEHUs IT0JIsl, UCXOIA U3
cumMerpur. [loMuIMO 3TOro, MCKIIOYUTENbHBbIE TOYKHU
CHUMMETPHUIHBIX MOJ HAXO/ISITCS HA APYTUX YaCTOTAX, &
CUMMeTPHsI TaKKe 3aIpelnaeT BhIPOXKJIEHIE PacIpese-
JIEHUHT [TOJIsT MEXKJIy CUMMETPUYHBIME U BPAIIATeIbHbI-
Mu Mozmamu. V3 3Toro ciemyer, 4TO CyIeCTBOBaHUE UC-
KJIIOYATEIbHBIX TOYEK BBICIIErO MTOPHAIKA B CHMMETPHII-
HBIX TPUMeEpax HEeBO3MOXKHO. Eciu 2Ke 3ammcarh cucre-
My ypaBHEHWIi, IPUPABHUBAIOIIYIO HYJIIO HE JBa, a TPU
MEPBBIX WIEHA Pa3JIOKeHWs psfa leilsiopa, 94TO COOT-
BETCTBYET UCKJIIOYUTEJBHONH TOYKE TPETHEro IOPAIKA,
00pa30BaHHON MOJIAMH OJMHAKOBOW CHMMETPUHU, CHCTe-
Ma (4) JomosHsieTCs ypaBHEHHEM

E// (WEPd1> _ 0,
Cc

u He uMeer pemrennii ¢ Rewgp > 0.
OaHuM 13 crocob0B AOCTHXKeHUs 6oJbIneil 106poT-

(10)

HOCTU MO/l SIBJISIETCsI IIOHUKEHHE CHUMMETPUHU CHCTe-
Mol [14, 31, 32] , moTOMY /ISl IOHUZKEHUS CUMMETDHUN
tpumepa ¢ C3 10 Co paccMOTpuM paBHOOEIPEHHBIN Tpe-
YIOJIBHUK C di # do. HacTOThI €0 UCKJIIOYUTEbHBIX TO-
YeK OIHMCBHIBAIOTCS CUCTEMON ypaBHeHuit (4) s aHTH-
CAMMETPHUIHBIX 10 HAIIPABJICHUTO HAIIPABJICHUST OCHOBA~
Hust Moz, U (5), (6) — JUIst OCTABIIUXCS JIBYX THIIOB MO/,
KOTOpBIE B CJIy4Yae PABHOCTOPOHHEIO TPEYTOJIbHUKA IIPe-
BPAIAIOTCA B CHMMETPUIHBIE B AHTHCUMMETPUIHBIE 110
HaIpaBJIEHWIO OMHON m3 OOKOBBIX cTropoH. Ha pucyn-
Ke 4 MoKa3aHbl 3aBUCUMOCTU KOMILJIEKCHBIX COOCTBEH-



718 A. A. J/luurpues, K. B. BapsimnaukoBa, M. B. Poioun

1.57—7¢ ,
@\ N\ N
e T\ \\Q
O e e NS~
%ol QE
") |
O‘ |
&l ~0.1 —_
<
E o2t /
N——"""
0.3} ]
0.5 I 1.5

d,/ d,

Puc. 4. (IIsernoil onsaiin) 3aBUCHMOCTH BEIIECTBEHHBIX
(a) m mEuMBIX (b) YacTeil YACTOT MCKIIOUATENBHBIX TO-
49eK B TpuMepax B popMe paBHOOEIPEHHOIO TPEYTOIHHUKA
OT cooTHOmEHUs! CTOPOH d2/dy TpeyrosbHuKa. l'opusoH-
TaJbHBIMU JIMHUSIMU IIOKA3aHBl YaCTOTHI MOJ, HEYETHBIX
1[I0 HAIIPABJIEHAUIO OCHOBAHUS TPEYTOJIbHUKA — UX YaCTOTHI
He 3aBHUCAT OT COOTHOIIEHUsI CTOPOH. Kpyramu mokasaHbl
TOYKH BBIPOXKJIEHUS] JACTOT 3a CYeT CUMMETPUM B PABHO-
CTOPOHHEM TPEYIOJIbHUKE

HBIX 9aCTOT TUX MOJ, OT COOTHOINEHUs CTOPOH ds/d;
TpeyrosibHuKa ¢ d; = 15R. I3 pucyska 4b BujHO, 9TO
JIOOPOTHOCTU MOJI MMEIOT OCHUJLISIIUOHHBIA XapakKTep,
[IPU 9TOM MHHMbIE JACTHA 9aCTOT TE€X MOJI, KOTOPBIE IIPU
dy = dy TpeBpaImaTCad B AHTHCUMMETPUYIHBIE, NMe-
IOT JIOKAJIbHBI MUHMMYM B 3TOH TOYKe (KPOME MOJBI
C caMOIl HMKHeHl 4acTOTOU, He HMEIONIeil B 3TOIH TOY-
Ke 9KCTPEMyMa), & MHUMbIe YaCTU YACTOT OCTAJIbHBIX
MOJI, KOTOPbIE [IPEBPAIIAIOTCS B CUMMETPUYHBIE, TMEIOT
B 9TOI TOYKe MakKCHUMyM. Takke mmeercss HaDOp MO/,
BEIECTBEHHbIE YACTU JACTOT KOTOPBIX IIPHU TPHUOJIKE-
HUU K TOUKe dg/d; BO3PACTAIOT M YXOJSIT BBIIIE KBaJl-
PYIOJIBHOIO PE30HAHCA, II09TOMY OHH HE MOI'YT OBITH
HCIIOJIB30BAHBI JJIs yBeJndenus 1ooporaoctu. UIx M-
Mbl€ YACTH Ha IaHeaun puc.4b He mokas3aHbl, JabbI He
[IePErpyKaTh PUCYHOK.

Ha pucynke 2 mokasanbl Tak:Ke COOCTBEHHBIE TACTO-
ThI TPUMEPOB B (popMe paBHOOEIPEHHBIX TPEYIrOJIbHU-
KOB ¢ dy = 0.95d; u ¢ do = 1.05d;. U3 pucynka 2 Tax-
2K€ BUJIHO, YTO [P HEOOJIBIIIOM OTKJIOHEHUH COOTHOIIIE-
HUsI CTOPOH OT CJIydasi PABHOCTOPOHHEI'O TPEYTOJIbHUKA,
JIOOPOTHOCTH CUMMETPHUYHBIX MOJI, YMEHBIIAETCS, & BbI-
POXKIEHHbIE AHTUCUMMETPUIHBIE MObI PACIIEIISIOTCS,
[pUYeM Jjis MOJI, AaHTUCUMMETPHUIHBIX BJOJIb OOKOBOIA
CTOPOHBI TPEYTOJIbHUKA, TOOPOTHOCTH yBEJIUINBACTCH,
a JiyIsi aHTUCUMMETPUIHBIX BJIOJIb OCHOBAHUS — OCTAET-
cs Hem3Menuoit. Ilpu 3ToM YacToTB BCex MOm, Kpome
o iHabopa AHTUCUMMETPUYHBIX BJIOJIb OCHOBaHUSI TPe-
YTOJIbHUKA, U3MEHSIOTCS B 3aBHCHUMOCTH OT COOTHOIIIE-
HUsI CTOPOH.

Taxwmm 0O6pa3om, HAPYIIIEHNE CHMMETPUHU BCJIEICTBHE
[epexo/ia OT PAaBHOCTOPOHHEI'O TPEYTOJIbHUKA K PaBHO-
OepeHHOMY BHOCHUT €IIle OJHY CTEeIleHb CBOOOIDI, TO3-
BOJIsisi 60JIee TOYHO HACTPOUTH JOOPOTHOCTH, OJHAKO B
9TOM CJIydae U3MEHEeHHe JOOPOTHOCTH OYIeT COIPOBOXK-
JaThCd U NEePECTPONKON PE30HAHCHONU YaCTOTHI.

3akmaioueHue. Bour paccMoTpeH TpuMep IUJINH-
JpoB B (pOpMe PaBHOCTOPOHHEIO U PaBHODOEIPEHHBIX
TPEYyroJIbHUKOB. MBI IIPOIEMOHCTPUPOBAJINA, UTO, HPHU
mepexojie OT JUMepa K TPUMEpPY AHTUCUMMETPHYHbIE
MOJIbI, PACIIPEee/IeHne MO/ M KOMILIEKCHBIE COOCTBEH-
HBIE YaCTOTHI UCKJIIOUYNTE/IbHBIX TOYEK AaHTUCAMMETPIY-
HBIX MOJI He H3MEHSIOTCS, & 9aCTOThl CUMMETPHIHBIX
MOJI, CABUTAIOTCS B CTOPOHY OOJIBINNX 3HAYCHUI BIIOJIb
MHUMOI ocu. Takum 06pa30M, 3aTyXaonue CAMMETPII-
HbIE MOJIBI B TPUMEPE UMEIOT OOJIBIIYI0 JOOPOTHOCTH IO
CPaBHEHUIO C JUMepOM. Takrke OBLIO HCCJIEIOBAHO I10-
BeJleHNEe KOMILIEKCHBIX COOCTBEHHBIX YACTOT B TPUMEDE
B (bopMe paBHODOEIPEHHOIO TPEYTOJIbHUKA B 3aBUCAMO-
CTH OT COOTHOIIIEHNUSI JJTNH OCHOBAHUA U OOKOBOIT CTOPO-
Hbl. OGHAPY2KEHO, YTO B OJHOM IIOJMHOYKECTBE MO/I COD-
CTBEHHBIE YaCTOTHI HE 3ABUCAT OT COOTHOIIECHUS JIJIAH,
B TO BpeMsi KaK OCTaJIbHbIE MOJIbI JEMOHCTPUPYIOT Ha-
JIn9re TaKOW 3aBUCHUMOCTH. 3aBHCUMOCTD JTOOPOTHOCTH
9THUX MOJI OT COOTHOIIIEHUS] CTOPOH UMEET OCIAJLISIIAOH-
HBII XapakTep. TakuM 06pa3oM, B CHCTEME MTOABIISETCS
JIOIIOJIHUTE/IbHAS CTEIleHb CBOOOJbI, ONTUMU3AINS KO-
TOPO#1 1103BOJIsIeT HOJIee TOYHO HACTPOUTH JTOOPOTHOCTD
TPUMEPA, OJHAKO B 3TOM CJIydyae U3MEHEeHUe JI0OPOTHO-
cTtu OyIeT COMPOBOKAATHCI U MIEPECTPOIKON pe30HAHC-
HOI 4aCTOTHI.

[Tosygyermbie pe3ysIbTATH MOTYT OBITH IIOJIE3HBI JJIsT
[IPOEKTUPOBAHUsI METAIIOBEPXHOCTEH, paboTarommx B
peknMax, OJIM3KAX K UCKJIIOUUTEHHON TOUKE.

ABTOpCKMIT KOJIIEKTHB OJIaroJapur 3a (QUHAHCO-
BYIO TOJJEP:KKY Poccuiickuit naydansiii dony (rpant
#21-79-10190).
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