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CPABHHUTEJILHLIN AHAJIN3 HU3KOYACTOTHBIX
CBOBO/IHBIX KOJIEBAHUM MIPAMO YT OJLHBIX IIACTHH

MisBecTHO, 4TO NpH pelleHHH 3agay H3ruba nnacTuH Teopus Kupxroda nossonser onpefensrhb
aCUMIITOTHYECKH TJIABHbIC YJIEHBI BCEX BEJIHYMH BHYTpH OONacTH NIaCTHHBI M JONYCKaeT
aCHUMITOTHYECKYH OWHOKY nopsigka O(l) B CpaBHEGHHH ¢ TVIABHBIM YJIEHOM NpPK BbIYUCIEHUH
nepepesblBaOIUX CHJ1 M KPYTALHX MOMEHTOB BOIH3M rpaHuubl. M3BecTHO TakXe, YTo pe3ynbTarsl
CPaBHEHMst YMCIIeHHBIX pelleHuil 3azay 1o Teopur Kupxroda u no teopum PeficcHepa xopouo
COTJIACYIOTCS ¢ BBIBOJAMH, CICIAHHBIMK HAa OCHOBAHHM aCHMITOTHYCCKOro ananusa. OQOCYKIEeHUIO
ACHMIITOTHUECKOTO Mepexofa oT Teopun THna PejficcHepa K teopun Kupxroda u cCpaBHEHMIO
UHCICHHBIX PE3yNbLTATOB PEIUEHUS 3aay MO 3THM ABYM TEOPHSAM HOCBAIIEHO TAKOE MHOXECTBO
paboT, uTO, Ka3anock Obl, 106aBHUTL 3Aech yxXe Hedero. OpgHako OONLIUIMHCTBO aBTOPOB
OrpaHHYHBACTCH PACCMOTPCHHCM XKCCTKO 3a€TaHHbIX, LIAPHHPHO ONEPThIX M CBOOOIHBIX HA KOHTYpE
MJIACTHH, TOT/I4 KAK B TCOPHH PeficCHepa CyllecTBYeT elle NATh THIIOB IPAHHYHbIX YCAOBHH, KOTOPbIE
TAKXKE NMPEeJCTaBIAIOT HHTEPEC eCAH He ¢ NMPaKTHUYCCKON, TO. X0Td Obl, ¢ TEOPETHYECKOR TOUKH
speHnst. Ha nepseiit B3rusiji KakeTcss OYCBHAHBIM. UTG BhIBOjbI, CAENAHHbIE HA OCHOBAHWH
HCCIEAOBARNA TOYHOCTH Teopuk Kupxroda npy Tpex VKa3aHHLIX Bbllle THIAX TPAHUUHbBIX YCIOBHI,
crnpaBeuBb! Beerga. OpgHako 6osee geTanbHOE HCCIACIOBAHHC JIAHHOTO BOMPOCA MOKA3ano, 4ro
1OCNEHee YTBEPX/eHne TpeOyeT YTOUHEHHS.

Hirke nHa npumepe 3agayd o cBOGOJHBIX KOJEOaHHSX NPSIMOYTONBLHBLIX IJIACTHH IIPOBEJEHO
CPABHEHHE aCUMIITOTHYECKON U peanbHoll TouHocTH Teopuu Kupxroda (nox peanpHol TOUHOCTEIO
TOHNMAETCS OTHOCHTENBHOE OTIIHYIIE 3HAMEHHUS BEIMUHHbI, BLIUNCIeHHON no Teopuu Kupxroga, or
3HAMECHHUS TOH K€ BEIMUMHBI, BBIUUCIECHHON No Teopuu PeilccHepa, LpH JaHHOM KOHKPETHOM
3HA4YEHHM Majoro napameTpa). PaccMoTpens! Bce BO3MOXHbIE B TeOpHu PeliccHepa kpaeBble YCIOBHS
(Bocempb TunoB). Ipy mecTd THNAX IPaHNYHBIX YCTIOBHE (B TOM UnCie NIPH TEX TPEX THHAX, KOTOPBIE
TPagULHOHHO BCTPEUAIOTCS B JIHTEPATYpe) HE BO3BHHKIIO HHKaKHX NPOTHBOPEYMA ¢ W3BECTHBIMH
¢gakraMu. YTO KacaeTcs elne ABYX THIOB 'PAHAYHBIX YCIOBUHA — TO 3[€Ch PE3yNbTAThi OKA3AIUChH
HEOXHJAHHLIMU. BbISCHUIOCH, 4TO B Cyvae 3ajaHus Ha KOHTYPE YCIOBUI CKONB3AIER 3aeNKU
Nyl =0, ¥, ], = 0, ¥, |. = 0) u ycroeuit ycunensoro csodonsoro kpas (Ny | =0, M, |, =0, ¥;|. = 0)
HCHOABL30BaHKe Teopur Kupxroda NpuBOAHT K BO3HHKHOBEHMIO HACTOJBKO OOJLINUX PEeanbHbIX
HOrpeniHocTel (flaXe KOFAa pedb WAeT O BhIMAC/ICHHH MEPBbIX HECKONBKUX COGCTBEHHBIX YaCTOT),
YTO NPUXONUTCS CAENATh BBLIBOJ O HENpUMEHUMOCTH Teopuu Kupxroga npu JaHHBIX THOAX
rpaHHYHbIX YCITOBHA. DTO 0GCTOATENBCTBO NPENCTABIAACTCS OCOOEHHO HHTEPECHBIM B CBA3H C TEM,
ITO € TOUKU 3PEHHs aCHMNITOTHMKH MOCTAHOBKA 3ajauy B paMkax teopuu Kupxroga nossonser
ONpeNeNsITh COBCTBEHHbIE YaCTOTHI ¢ ONIHOKOMN, He mpeBbiinarolell O(h) B CpaBHEHUM C eAHHUUCH,
NpU BCCX BO3MOXKHBIX B Teopuu PeilccHepa Tunax rpaHuuHbIX ycnosuii. Ilocneanee o3Havaer, 4To
npu HOpPManbHOM NOAX0AE K ofcyXXjgaeMoit npobaeMe OCTaeTCss He SACHBIM, ITOYEMY OPH OXHHX
YCIOBHSIX HA KOHTYpe HCIons30Banne Teopun Kupxroda no3BoaseT peiuTh 3aaqy ¢ IPHeMIIEMOR
peanbHOR MOTPEHIHOCTBIO, ¥ PU APYTHUX — HeT. OTBETHTH HA 3TOT BONPOC 0KA3aJ0Ch BO3MOXHbIM
TONBLKO MOCHE TOro, Kak Obll HpOBEJeH ACUMNTOTHUYSCKHI aHANM3 YAaCTOTHbIX YPAaBHEHHH M
NOTYYEHbl ACHMNITOTHYECKHE (POPMYJIBL U1 OLIEHKH PEaNbHbIX MOTPELIHOCTEN, BOSHUKAKUINX IPH
BBLIUHCIHEHUN COOCTBEHHBIX 4HacTOT no Teopuu Kupxroda, npH pasnuyuHbIX THNIAX FPaHUYHBIX
yCJIOBHI.

B [1] npennoxena npuGmikeHHas (hOpMyIUPOBKa 3afauydl ¢ HU3KOYACTOTHBIX CBOGOAHBIX
xonefaHusXx MIACTHHBI PeficcHepa, Koropas oTianyaeTcs ot Teopuu Kupxroda Tem, 4To B Hell yureHa
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;chbopMalus NONEPEeYHOro cABUra BOGAM3M Kpad NIAacTHHBL (ACUMNTOTHYECKAs TOYHOCTH
aAcVIKAaeMOTl POPMYITHPOBKH 3aa4H — 0(h2) B CpaBHEHHH ¢ efunHuuell). Huxe Ha npuMepe 3aga4 o
25000AHBIX KONEOAHRAX NPAMOYTONbHBIX NIACTHH POBEREHO CPABHEHUE PEAJIBHOM TOYHOCTH TEOPHU
Kipxroda i peanbHON TOYHOCTH TEOPHA € y4eTOM AedhOpMaluy TONEPEUHOTO CABUra BONH3M
~puaHibl (PaccMOTPEHbI BCe THIIBI KpaeBbix ycaosnil). [IposefienHoe nccnefoBanie NOKasano, Yro
{IpH TEX IIECTH THHAX MPAHMYHBIX YCIOBHI, Korna Teopus Kupxroda fonyckaert BloJHe TpEeMIeMbIe
IOTPELHOCTH, YYeT AechopMAlK NONEPEUHOTO CABUTa OKa3blBAET 3aMETHOE BIIMSHHUE TOJILKO HA BHN
coGcTBeHHBIX (hOpM BONIH3H Kpasi INaCTHHbL B Tex ciyyasx, Korja Teopus Kupxroga e npuMeHuMa,
4 HMEHHO B CITydae 3aaHns Ha KOHTYpe ycrnosuit ckonbasielt sagenka (Ny |, = 0, ¥, | =0, We |, =0 1
veaoBuit yeunennoro csobomHoro kpas (Nyl. =0, M|, =0, ¥ |, = 0), yuer nedopmanun
ONEPEYROro cABUra BOMH3M Kpas MIACTHHbI NPUHUKIKANBHO MEHSET JIeN0: OKa3niBaeTcs, |UTo
HCIONB3OBAHME TEOPHM € y4YeToM HedopMauii NMONEPEvHOro CABMra BONH3W TPAaHMIbl RacT
BO3MOXHOCTb BbiYMCHATh H COGCTBEHHBIE YaCTOTHI, B COGCTBEHHBIE POPMbI C TAKUMH XK€ PEaNbHbIMU
HOCPEIIHOCTAMH, KAK M TPH TEX THIAX IPaHvHbIX yciloBuit, Korja Teopas Kupxroga pgonyckact
"HOpMallbHble" MOTPEMIHOCTH,

1. CBogka OCHOBHBIX YPaBHEHHIi, ONHCHIBAIOMUX CBOGOJHbBIE KoJieGaHus IAacTHHbI
Peiicenzpa. Juddepennnanbubic ypaBHeHIs uMerot Bap [2]:

. ph ) . pthY L
DAAD +phdd — | 14— |Ad+ 22 (d) =0 (1.1)
2\ Ta-w 12GT
a2l p Piog (1.2)
WG

BenmunHbl, XapakTepU3yoIe HaNpsKeHHO-1E(POPMUPOBAHHOEC COCTOSHHE MIIACTUHBI,
BLIYMCISIOTCS TIO (hopMyaam

2 2
+ h AD — ph
6I'(l-u) 12GT

w=—® ®. ¥=Vd+VFxn

3
N = DVA —%%«V(I)+GhFVFXn (1.3)

M= D{(1-)VVO + uAda + 1 ;“ (VVFxn-nxVVF)]

31eCh NPHHATHI CIEAYIOUME 0603HAYEHHs: W — ToNepeyHblil nporud, W — BeKTOp yrion
nonopoTa, N — BEKTOp nonepeusnlx cul, M — TeH30p MOMEHTOB, D = ER*[12(1 - MZ)} -
KeCTKOCTh Ha u3ru6, GhT — xecrkocth Ha casur, G = E/[2(1 + w)], I’ — koadduyuenr
nonepeunoro cusura, E — Mopyns ¥0wra, [ — koaduuuent [lyaccona, p — 06BbeMHas 10T
HOCTH MAcChl, i — TONL{HHA NJIACTHHLI, It — BEKTOpP CJUHUYHON HOPMANH K IJIOCKOCTH
naacTusbl, a = E - nn, E — e{uHUYHbIA TEH30D.

[pannutbie ycnoBus OyayT cpOpMyITHPOBaHb! MO3XKE, @ cefyac OrpaHHYMMCs 3aMeta-
HIIEM, 4TO TeOpusi PeliccHepa TMO3BOJACT YAOBIETBOPUTE TPEM YCIOBHSAM HA KOHTYPC U,
CIIE[OBATENBHO, 30ECh BO3MOXKHbI BOCEMb Pa3/IHYHBIX THIIOB KPAeBbIX YCIOBHH.

2. lipuGmnkennas (oPMYIMPOBKa 3aa4H 0 HA3KOYACTOTHBIX CBOGOAHBIX KoJIeGanuax
nracTiHp! PeiiccHepa, yuMTbIBAONas Ae()OpMAUHIO NONEPETHOro CABUIa BOAM3M Kpas
naactunbi. Huxke npusejena GopMmyTHpOBKa 3ajauy, mnpepioxennas B [1].
NuddepeninanbHOe ypaBHEHAE COBNAJAET ¢ ypaHeHuem Kupxroda

DAA® + ph® =0 2.1

$yukuusa, XapaKTepU3yHoILast NOTPaHCIOMHbIA 3¢ deKT, UMeeT BHA

F(v. 1) = f(t)[l - ﬁ]exp(lﬁ v), §=~+12T (v<0) 2.2)
{

149



3jech V, T — NOKaJbHas CHCTEMa KOOPAHHAT, BBEJICHHAA Ha KOHTYpE TUIAaCTHHBI, R(T) —
paauyc KPUBHU3HbI KOHTYPa B JaHHOM TOUKE.

ITonepeunslii nporu6, BEKTOP yrioB NOBOPOTA, BEKTOP MOMEPEYHBIX CHJI U TEH30D MO-
MEHTOB BbIYUCTSIOTCH MO (popMynamM

w=-0 W=Vod —%f(‘c)exp(%v)’t

N = DVA® + GhT" (—é(l - l)+ —I—)f(t)t+
' 2R)T 2R
v, VR’ 3
+((1 —2—R‘)f (T)+Wf(‘c))v exp(-}:v) 2.3)

M = D[(1-u)VV® + pAda] +[D(1 - u)%f’(t)(vv -1t)—

v 2h )
—Ghl"(l - ﬁ - E)f(t)(w + w)}exp(;v)

3aech ¥ M T — BEKTOPb! €JHHHYHON BHELIHEell HOPMAalu H eTHHHYHOU KacaTelbHOH K
KOHTYPY INIaCTHHBI (¥, T, 1 00pa3yloT NpaByiO TPOHKY).

3aMeTuM, YTO NPHU MEPeXole OT TOYHOH (POPMYJIHPOBKH 3aJa4H K 0OCYyKaeMOi 3[ieCh
npuOnuAKEHHONA (POPMYJIHPOBKE, TPAHUYHbIE YCIOBHS HE NPETEPNEBAIOT KaYeCTBEHHOTO
H3MEHEHMs!, TAK KAK y4YeT norpaHcnoiiHoil ¢pynknun (2.2) faeT BO3MOXKHOCTE YAOBJIET-
BOPHTb BCEM TPEM YCIIOBHSIM Ha KOHTYpE.

3. ITocTaHOBKa 3aja4H 0 CBOOOJAHBIX KoJeGaHuAX mwiacTuHpl B Teopun Kupxroda.
dopmynuposka obcyKkfaeMoll 3agaun B Teopun Kupxroga nonyyaercs #3 CHCTEMBI YpaB-
Henu# (2.1)~(2.3), npyu yclIoBUH YTO MOTpPaHCNONHAs (PYHKUMSA CUUTAECTCS TOXAECCTBEHHO
paBnoit Hymto: F = 0. TIpu sroM BoO3HEHKaIOT cpa3dy jase npobGiemsl. [lepBas npobieMa
3aKAIOYAETCK B TOM, YTO MONEPEYHbIE CHNIb] U KPYTSAIIEE MOMEHTbI BOHU3M TPaHKIbI Na-
CTHUHBI, B OOLIEM cydae, ONMPEAENsIOTCs ¢ OINOKAMA B TJIaBHBIX YICHAX aCHMITOTHYECKUX
pasnoxenuil. O4eBHIHO, YTO peUIUTh 3Ty npobiemy B pamkax Teopun Kupxroda He
OPENICTaBASIETCS BO3ZMOXKHBIM, MOCKOILKY €AMHCTBEHHBIM BbIXOAOM 3[ech OydeT yder
ACUMIITOTHYECKH TIABHOTO 4JICHA NMOTPaHCN0iHON QyHKuun. Bropast npobaema cBsizaHa C
copMynupoBKOH IrpaHUYHbIX yciaoBHi. OHA 3aKITIOYAETCS B CICAYIOLIEM: HTHOPUPOBAHUE
HOTPaHCAORHON GyHKIMH NPABOTUT K IOHIKEHHIO TTOpPsijiKa cHcTeMbl AUt epeHIaNbHbIX
YPaBHEHHA MO NMPOCTPAHCTBEHHBIM KOOPAMHATAM, B PE3yNbTaTe YET0 BOZHUKAET HEOOXO-
JIEMOCThb 3aMEHBI TPEX YCHOBUH Ha KOHTYpE AByMs. I1poGneMy (popMyIINpOBKE rpaHHYHbIX
ycrosuit oOcyguM nogpoOHee. ITocTaBAM BONPOC Tak: MOXHO JH IIPH BCeX THHaX
TPAHMYHBIX YCIOBHH, CyLIECTBYIOIIUX B TeOpuH PeliccHepa, fonycKasi aCHMITOTHYUECKYIO
ownOKy O(h) B CpaBHEHMN C eAMHHNEH, NepeOPMYIHPOBATh TPAHUYHbIE YCIOBUSI TAKHM
o0pazoM, 4ToOBI J[Ba B3 HUX 3aBUCENH TOJNLKO OT ¢yHKuur O, xapakrepusyiomei
OPOHUKAKOUIEE BO BCIO 00NacTh INIACTHHBI PELIEHHE, a TPEThe YCIOBHE NHOO SBASNOCH
CHEJICTBUEM ABYX APYTHX, NH0O CIYXKHIO ANSI ONpPEIelIeHUus MOTPaHCHoNHOE dynkunu F.
Y TBEpAUTENLHbIE OTBET Ha 3TOT BOTMpPOC OYALT 03HayaTh, 4To Teopus Kupxroda nosso-
JSIET ONPEAENATh COGCTBEHHbIE YaCTOThI H (hOPMbI KOIeOaHuil BHyTPH OONACTH MIIACTHHBI C
ACUMNITOTHYECKON omnbKod mopsggka O(h) B cpaBHEHMHU ¢ e[JUHHMLEH TPH BCeX THUNAx
FPaHUYHBIX YCIOBHI.

Huxxe npuBefieHbl (pOpMYyTHPOBKY TpaHHUHBLIX yeroBuil B Teopun Kupxroda, coorsert-
CTBYIOIHE PA3IMYHLIM THIIAM PAHAYHBIX YCIOBHIl B Teopun PeficcHepa, a Takxke copmy-
JUPOBaHLI YCIOBHs [7Is ONpefeIeHus aCHMITOTHYECKH NIABHOTO WICHA NOTPaHCIOHHOTO
NOTEeHUHANA.
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1. Xecmkasa 3a0eaka

wl.=0, ¥,|=0, ¥ |=0 3.1

Teopus Kupxroda
®|.=0, 9®/9v] =0 (3.2)

Ycnosue 0®/dt], = 0 ABAsIeTCA CIEACTBHEM HEPBOTO YCIOBUS M3 (3.2). 'naBHbI}A YICH
IOrpaHCcIOAHOTO MOTEHUHANA PaBeH HYJIIO.
2. CmecHeHHOe WapHUPHOE ONUpaHue

w =0, M,|=0, ¥|=0 (3.3)

Teopust Kupxroda

2 2
d| =0, D(—a <I)+”§(P—+ 9 q))

Lad — 3.4
ov: R ov T (34)

c

Ycnosue 0®/dt|, = 0 aBasieTcs CIEACTBHEM NEPBOTO yCIOBHS U3 (3.4). I'naBHblil YneH
OrpaHCIONHOro MOTEHIMANA PABEH HYJIIO.
3. C80600HOE WapHUpHOe onuparue

wl=0, M,|=0, M]=0 (3.5)
Teopust Kupxroda. I'pannuHble yca0BUA UMEIOT BUJ (3.4), KaK B ciy4ae CTECHEHHOIO

[IApHIPHOTO ONHpanus. OAHAKO TTaBHblH WIEH MOrPAHCIOMHOro MOTEHIHMANA, B OTIMIHE
OT CTECHEHHOTO HIAPHUPHOTO ONUPAHHS, HE PABCH HYIIO U ONIPEACTACTCS dopmynoi

W *d

=L (3.6)
1 6T dvat|,
4. C60600HbLiL Kpali
Nvlczo’ lec=0’ M’rlc=0 3.7
Teopusi Kupxroda
d pod oAD ER
— = tp—|| =0, D|—+(1- 3.8
[av2+R v 812)6 ( v TWaa . 68

[naBHbI 4IeH MOrPAHCIORHOTO TIOTEHLHANA HE PAaBEH HYIIO H ONPENeIACTCA COOTHO-
wenueM (3.6).
5. Cxoabsauwan 3adeaxa

NJe=0, ¥,|=0, ¥|=0 (3.9)

Teopust Kupxroda
od/av| =0, o®/at| =0 (3.10)
[naBHblil WIEH NOTPAHCIONHONO TMOTEHUHANa HE PaBeH HYyNI0 # ONPEACTACTCA
hopMynon
2
h 0AD (3.11)

FO==sriom v .

151



6. Ocaabaennasn xecmican 3adeaxa

wle=0, ¥,|=0, M]|=0 (3.12)

Teopust Kupxroda. I'panndtbie ycToBus MMEIOT BHJ (3.2), KaK B ciiyyae XeCTKOill 3ae-
Ku. ['aBHbIA 4eH NOTPaHCIOMHONO NOTeHIANa PaBeH HYJI1O, HOCKOJIBKY TPEThE YCIOBME
n3 (3.12) gBnsercs cnefcTBUEM ABYX HEPBBIX.

7. Ocaabaennan ckoavanwan 3adenka

Ny|=0, ¥,[.=0, M]|.=0 ‘ (3.13)
Teopust Kupxroda

ob [ 9Ad PR

— =0, D| —+({-w)——— 1| =0 3.14
v |, ov ( “)azavar G19

FnapHblii 4ieH MOrpakCIOHOro MOTEeHIMANA onpejensiercs cooTHouieHueM (3.6), KoTo-
PO€ C yUEeTOM NepBOro ycnoBus u3 (3.14) npuHUMaeT BHJ

FO)y=~(h* 16T)(1/ RYO® / 31, =0
T.€. TJIABHBLIA YJEeH II()FpaHCHOﬁH()FO noTeHuuana He paBcH HyJ[}O TOJNBKO B ciayudae KpHuBO-

JUHENAHOTO KOHTYPA IUIACTHHDI.
8. Yeunennwiii c60600mbIIL Kpali

Ny =0, M| =0, ¥|=0 (3.15)
Teopust Kupxroda

oD °d pod 9o

—| =0, D| ———+~—+y—— =0 3.16
ot |, n TRav Map : -10)

4

I'1aBHbBIf UIeH OTPaHCIONHOrO OTEHIMATA ONPEAENsieTcs COOTHOWEeHeM (3.11).

Bbi600: teopus Kupxroda no3soasieT onpeensTh aCHMITOTHYECKH TIABHbIE WIEHbI
COOCTBEHHBIX YACTOT M COGCTBEHHBIX (POPM BHYTPH OGNACTH NIACTHHBI IPH BCEX BOIMOXK-
HBIX B TeOpuH PeliccHepa THIIAX TPAHHYHBIX YCAOBHIL.

4. CoGoanble KoneGanns MPAMOYroLHON MIACTHHLI, WAPHUPHO OMEPTOi O JBYM
HPOTHBOMNOIOKHEIM CTOPOHAM. PAacCMOTPHM MIIACTHHY, 3aHHMAIOIYI0 001aCTh —a < X < q,
—b < y < b. Ha croponax y = £h BbINOTHEHD! YCTOBHS CTECHEHHOTO LIapHAPHOTO ONHpa-
Hust (3.3), a Ha CTOPOHAX X = *a ~ NPOU3BOIbHbIE TPaHHYHbIE ycaoBHs. Hiuke Oynyr pac-
CMaTpUBATLCS KONeOaHus, CUMMETPHYHbBIE OTHOCHTENLHO oceit x = 0, y = 0. Jlerko moka-

3aTh, UTO cOOCTBEHHbIE POPMDI, yroBiaeTBOpstOIHe AU depeHTATBHbIM YPaBHEHUSM
(1.1), (1.2) m rpanuunubIM yerosusm (3.3) Ha CTOPOHAX y = £h, UMEIOT BUJL

D, (x,y)=[Cy, cos(Ay,x) + Cy, cos(k,,x)]cos(u,,y)
£, (x,y) = Gy, sin(8, x)sin(u,, )

W, =Q2n-Dr/@2b), Ay, =+A,—B,, Ay, =+/A,+B, .1

8, =pw2 /G -12T /12 —p2, A, =[1+T(1-p)/2lpw? / (2GT) - u?

n

B, =+ph/ D+([1-T(1-p)/ 2pw? / (2GT))>

YH0BAETBOPEHHE I'PAHHUHBIM YCIOBUSIM Ha CTOpOHAX X =*a UPUBOJUT K CHCTEME
AHHCHHBIX OHOPOJIHBIX aNreGPanyuecKuX ypaBHEHHUH OTHOCHTENbHO HEUZBECTHBIX C tnr Cans
C3,; yCIOBHE PABEHCTBA HYJIO ONPENENHTENS 3TOH CHCTEMbI [jaeT ypaBHEHHE JJisl Oli-
peneneHnst coGeTBeHnbIX YactoT. Ilpu peuiennn o6cyxpaeMoit 3fech 3agaud Gbian
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T 1ICMOTPEHDI BCE BOCEMb YKA3aHHBIX BbIlIE THMIOB FPAHUYHBIX YCIOBHH M RIS KaXKAOTO U3
H3N [IOTIy4YeHBbl YAacTOTHBbIE ypaBHeHHs. (DTH ypaBHGHUS HE NPHBOAATCS H3-32 MX
17 OMO3IKOCTH.)

C1ciyeT 3aMETHTDb, YTO B TeOpHH PeliccHepa CyllecTBYeT TPH CHEKTpa coGCTBeHme

2JPOT] OJHH — HHA3KOYACTOTHLIH (W ~ /1) ¥ ABA BbICOKOYACTOTHBIX (M ~ -hy, Teopus
Nipxroda, Tak Ke Kak U Teopus, yywrhlBamouias gedopMmalidio NONEPEeyHoro CBUra
“1313H FPAHUIbl IIACTHHD [1], TO3BONAET BLIMHCIATDH TOJNLKO YacTOThI, NPUHA/JIEXAalNe
£t 3KOUACTOTHOMY cTieKTpy. [103TOMy BBICOKOYACTOTHBIE KOJIEOAHUST HUXKE OOCYKAATHCS
fo OVIVT.

KpaTko 0cTaHOBUMCS Ha OCODEHHOCTSX pelIeHHs 00CyX/[aeMOU 3afauy 110 TEOPHUH, y4u-
LiBaroUel gedopMaEio ONEPEYHOro carra BOIN3n Kpast mwiactulbl {1]. CobcrBeHnbIE
SOPMbL, YAOBIETBOpstowme ypaBHeHusM (2.1), (2.2) u rpaHuvHBIM ycnosHaM (3.3) Ha
Joposax y = +b UMeroT BHJ (37€Ch yXKe YUTeHa CHMMETpUA OTHOCHTeNnbHO ocell x = 0,

=0):

D, (x,y)=[C,, cos(A,x)+ C,, cos(h,,x)cos(lk,y)
F(x,y)= f,("lexpl—(a - x)8/ h]-exp[—(a+ x)d/ h]] 4.2)

. =\/—u,2, —@,\fphI D, A, =\/—uﬁ +,ph! D

B bynkuum f,(y) onpefensieTcsl TPaHRYHBIME YCIOBHSIMHE Ha CTOpOHax x = *a: f,(y) =
= C},,Sin(}l"y).

ACHMNTOTHYECKHH aHATH3 I0KA3aJ1, YTO YACTOTHbIE yPaBHEHUS M COOCTBEHHbIE (DOPMb,
g u’I'mmue MO TEOPHH ¢ y4eToM pRedOpMauuM NOMEPEeYHOro ciBMra BOIM3U Kpas

JACTHHBI, CHENYIOT 3 TOYHbIX (Halie HHBIX 110 Teopuu PeliccHepa) HACTOTHBIX ypaBHEHHH

cOOCTBEHHBIX (DOPM € ACHMITOTHYECKOH OLIHOKOH NOpsifka O(h*) B cpaBHenuu ¢
CUHITLEH.

O6cynuM pelicHEe AaHHoM 3agaun no teopun Kupxroga. CoberBennble hopMbI, yIOB-
TerBopsitonMe gugpepeHIaITbHOMY ypaBHeHHIO (2.1) U yCnoBHUSM CTECHEHHOTO LIAPHHP-
:toro onupanusi (3.4) Ha cTopoHax y = b, OlpeResOTCs COOTHOMEHIAMHA (4.2), 1IpH ycio-
sitil. 4TO (PYHKUEA f,(y) CUNTAETCS TOX/ICCTBEHHO paBHOM Hymo f,(y) = 0. Crenaem JiBa
JAMCUAHNS, KACAIOIMXCS pe3yJIbTaTOB PELICHHA 3aJavH P Pa3iMYHbIX TUIAX TPAHHYHBIX
 STOBHH HA CTOPOHAxX x = da.

3asmeuanue 1. B ciyvae 3ajjaHus Ha CTOPOHax x = ta ycnosuit xecTkoi safenku (3.1),
JTCCHEHHOTO lapHEpEOTO ommpanus (3.3), ocnabaenHolt xecrkoi 3agenxu (3.12) u oc-
u0ICHHOM ckoap3sieit 3agenky (3.13) acuMITOTHYECKH TNIABHbIH YleH TIOrPaHCIOAHOTO
CTOTEHUMANA TOXIECTBEHHO paBeH Hymio. CiefoBaTelbHO, NP STHX THNAX FPaHUYHbIX
. caoBil Teopust Kupxroda no3BosieT petinThb 3aiauy O HaXOX/eHHE COGCTBGHHLIX Y4acToT
i colGcrpeHHbIX (OPM C aCUMATOTHYECKOH OINMOKOH NOpsAKa O(h?) B cpaBHEeHHUH C
<:lHHILEH, a pellIeHne N0 TEOPHH € YY4eTOM JiehOPMAlMH NONIEPEYHOTO CABUTa BONH3Y Kpast
JTACTHHDL B TOYHOCTH COBNAAET ¢ penietuneM no reopun Kupxroda.

3aveuarue 2. B cnyuae 3a/jaHus HA CTOPOHAX X = @ yCIOBHHE CTECHEHHOIO IAPHAPHOTO
cinpanug (3.3), cBoGOgHOTO WapHHpHOTO omapannus (3.5) u ycHIIeHHOro cB0GOIHOTO Kpas
.2.13) reopusi Kupxroda MPHBOAHT K OZHOMY M TOMY € pelleHHI0. JICACTBUTENbHO,
\CI0BHS CBOBOAHOrO M CTECHEHHOTO WIAPHUPHOTO onmpaums B Teopuu Kupxroda
SOBNAAAKT M MMEIOT BUJ (3.4), a yCIOBHSA YCHIEHHOTO cBoGoHOro Kpast (3.16) ornuvarorcs
o1 (3.4) TONBKO TEM, YTO 37ech BMecTO yenosust @f. = 0 mocTaBreHo ycnoBue, KOTOpOe
HCTIOCPENCTBEHHO U3 Hero cuejyer: 0d/d1l. = 0. B cnyyae 3agaHus HA CTOPOHax X = *a
ve10BHA XecTKol 3agenku (3.1), ckoap3suwen 3aaenku (3.9) 1 ocnaGlueHHON KeCTKOM
saiicaku (3.12) Teopus Kupxroda Takske NpUBOAUT K OJHOMY B TOMY XK€ PELICHHIO.
McI0BHA XKECTKOR M ociableHHON XecTKoH 3ajienku B Teopun Kmpxroda cosnagaror u
meroT Bu (3.2), a yenosust ckonb3siniedt 3agenku (3.10) ornumuarorcs TeM, UTO 3[€Ch
myecto @, = 0 mocrasneno yenosue 0P/at], =

)

e
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Tabauya 1

N Wp w A (073 ﬁk
=0,1
1 740,831 746,960 0,83 756,153 2,07
2 3613,906 3762,387 4,11 3780,612 4,61
3 3614,672 3764217 4,14 3780,612 4,59
4 6271,550 6716,355 7.09 6805,070 8,51
5 8895,791 9807 466 10,30 9829,529 10,50
h=0,04
1 300,561 300,990 0,14 302,461 0,63
2 1499312 1509,547 0,68 1512,245 0,86
3 1499,373 1509,670 0,69 1512,245 0,86
4 2676,121 2708,665 1,22 2722,028 1,72
5 3860,653 3928,806 1,77 3931,812 1,84
Tabauya 2
N g ® A N &
=0,1
1 370,032 371,565 0,41 372,024 0,54
2 1385,438 1404,897 1,40 1424,050 2,79
3 3255,978 3376,258 3,69 3381,774 3,86
4 4451,880 4667923 4,85 4713,277 5.87
5 4840,758 5102,156 5,40 5133,873 6,05
h=0,04
1 148,626 148,748 0,08 148,810 0,12
2 565,330 569,313 0,70 569,620 0,76
3 1343,761 1351913 0,61 1352,709 0,67
4 1863,737 1885,127 1,15 1885,311 1,16
5 2030,259 2053,365 1,14 2053,549 1,15
Tabauua 3
N wp ® A W, S
h=0,1
| 772,548 773,774 0,16 1109,024 43,55
2 2202,267 2254,363 2,37 4945,102 124,55
3 3613,446 3752419 3,85 3915,448 8,36
4 5669,845 5985,636 5,57 7653,923 35,00
5 6104,690 6537,085 7,08 11771,931 92,83
=0,04
1 371,902 371,840 0,02 443,610 19,28
2 1085,428 1089,106 0,34 1978,041 82,24
3 1526,035 1535,835 0,62 1566,179 2,63
4 2653,017 2685,316 1,22 4708,772 77,49
5 2671,404 2693,713 0,84 3061,569 14,61

Takum 06pasom, BoceMs cymecTsyroumx B Teopun PejiccHepa THIOB rPaHHYHBIX YCIIO-
BUIl MOXHO pasfesIuTh Ha YETbIPE IPYMNbI:

I. kecTkast 3ajeaKa, CKOJab3sauias 3alIeJIKa ocnaGneHHas XecTKas 3anem<a

II. crecnennoe wapruapHoe omupanue”, cBOGOAHOE HIAPHHPHOE onmpanite, YCHII€HHBII
CBOOOJHBIN Kpai;

HI. ceoGopubli Kpaii;
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Tabauya 4

N : g ® A oy &
h=0,1
. 687,816 692,719 0,71 756,153 9,94
2 2002,924 2027,900 1,25 3780,612 88,75
3 3589,084 3734,339 4,05 3780.,612 5,34
4 4970,231 5229,177 5,21 9829,529 97,71
5 5665,708 5966,331 5,31 6805,070 20,11
h=0,04
| 291,858 292,226 0,13 302,461 3,63
2 1083,650 1086,898 0,30 1512,245 39,55
3 1495,818 1505,992 0,68 1512,245 1,10
4 2266,037 2284,607 0,81 3931.812 73,51
h 2583,023 2611,645 1,11 2722,028 5,38

[V. ocnabaeHHas CKOMb3g1Uas 3anenKa*.

B rpynnbl 00'beAMHEHb] Te THIbI TPAHAYHBIX YCIOBHIA, KOTOpble B Teopuu Kupxroda He
DU3THUYAMbI. 3BE3[0YKaMH IOMEYEHbI T THIbl TPAHUYHBIX ycnoapm MPH KOTOPBIX TEOPHA
\np\rO(ba JONyCKaeT aCHMITOTHYECKHE OIIUOKH HOPSAKa O(h?) B cpaBHEHHUH C €[MHULICH.

3. CBoGoaHbIe KOeGAHKS MPAMOYIONBHON ITACTHHBI. CPABHUTE/ILHBIH AKATH3 HUC-
J1CHHBIX Pe3ybTATOB, MOJYYEHHBIX KO PA3JHYHBIM TeopusM. [JaHHOE HCCIEJOBAHHE
“pruBeJeHO Ha NpUMepe 3ajayd, oOcyxjaBuielics B m. 4. BbluncieHUs MPOBOJK-
2 178 TIACTHHBL pasmepom a=b=1M h =0,1 Mmu kh = 0,04 M npu cregyromux
>HAUCHUSX KOHCTAHT, XapaKTePU3YIOIIMX ynpzfrne U HHEpUMOHHbIC CBOMCTBA MaTepHala:
£=21-10"Ta, p=025,T=5/6,p =7951-10° kr/™’.

Pe3yabTaThl BBIYHCICHAH CBORATCH K CIEAYIOLICMY:

/ BbluncneHsl nepsbie 10 cOBCTBEHHBIX YAaCTOT M3 HM3KOYACTOTHOTO cnekTpa. Bbi-
“3CTCHUSL TPOBOJMAKCH TO Pa3iHYHBIM TEOPHAM (1o Teopud PeiiccHepa, 1O TEOPUH
Kupxroda u Mo Teopuu ¢ yueToMm AedopMaluH TONEPEYHOro CABMra BOIHM3M Kpas
7aCTHHBI). PaccMOTpeHb! Bce BO3MOXHbIE B TeOpHH PeliccHepa THIBI TPaHHYHBIX yC-
JOBHAL

2 BbIUHCEHbl peanbHble MOTPELIHOCTH, BO3HAKAIOLINE ITPH HCMOMbL30BAHUN NPUOIH-
ACHHBIX TEOPHH (TaKKe I BCeX TUMOB MPaHHYHBIX YCIOBUIT).

77151 TeX THIIOB FPAaHUUHBIX YCIOBHH, KOTAA aCUMITOTHYECKH FIaBHbBLA WICH NOrpaH-
Z3ORHOTO MOTEHUHANA He PABEH HYJIIO, BHIYACIECHBI COGCTBEHHbIE (POPMBI, COOTBETCTBYIO-
e 11epBbhiM 10-TH COOCTBEHHBIM YacTOTaM.

INepefiieM K NOAPOOHOMY QHANK3Y IMOIYYEHHBIX PE3yNbTaTOB. Te THUMbI I'PAHMUHBIX
% C10BHIE, PH KOTOPBIX aCHMITOTHYECKH TABHBIN Yl€H NOTPAHCIONHOTO NOTEHIHANa
SOpaulaeted B Honb (910 yenosus (3.1), (3.3), (3.12) u (3.13)), npeAcTaBIsIOTCS MaNO UHTE-
SUCHBLIMH H oraliee o6cyXaaThes He OynyT. 3aMETHM TONBLKO, YTO NOJTYUCHHBIC OLCHKH
.. 1bHBIX TOTPELIHOCTEH, lonycKaeMbix Teopuell Kupxrodpa, npu aTux TUMAX TPAHMYHBIX
 CTOBHIT XOPOLIO COTNACYIOTCA ¢ U3BECTHLIMH.

Pe3yIbTaThl BBIYACICHHUS TIEPBIX MATH COOCTBEHHbLIX YACTOT MPU TEX THIAX IPAHKTHBIX
A\ CTOBHIT, KOIJa aCMMITOTHYECKH IMIABHBIA WIEH MOTPaHCIORHOTO NOTEHIHANA HE PaBeH
HV1KO, 2 MMEHHO B CITyuasx 3ajaHis Ha CTOPOHAX X = d yCIOBHit CBOOOAHOrO HIapHEPHOTO
onupanns (3.5), ceo6ogHoro Kpas (3.7), CKONb3ALIEH 3afeaKy (3.9) 1 ycuIeHHOTO CBOOOJI-
#oro kpas (3.15), npuseensl B TaGN. 1-4 coOTBETCTBEHHO. B TaGJIULax UCIONL3YHOTCH
caeaviole o6o3HadeHus: N — HOMED 4acTOThI, (0p — 3HAUECHHE YACTOTbI, BEIMMCIACHHOM 110
reopiil PeficcHepa, ® — 3HaUY€HHE YACTOTHI, BHIYHCICHHOH MO NMPUOTMXXEHHOR TEOPAU €
yyeTOM 1eOpMaLHi [ONEPEUHOrO C/BUra BOAHM3M Kpas MIACTHHBI, A — OTHOCHTEIbHAs
IIurpeluHOCTb monyckaeMas 3TOH Teopueil: A = (| W — Wy [/0g)-100%, ®; — 3HaYeHUE
4ACTOTBI, BblumcaeHHOl mo teopuu Kupxroda, d; — OTHOCHTEIbHAs MOrPELIHOCTD,
qunyekaenmas reopueit Kupxroda: 8, = (| @ — o |/wg)-100%.

155



Kax BugHo u3 taba. 1 u 2, norpemHocTy, gonyckaemsle Teopueit Kupxroda B ciyyasx
3afands Ha CTOPOHAX X = ta yCIOBMA CBOGOMHOTrO IIAPHUPHOTO OMHpaHuA M CBOGOJHOIO
Kpast, BEAYT ceOs "HOPMANbHO": U MX BEJNMUHHbBI, ¥ TOT (PAKT, YTO OHH CTAGUILHO BO3-
pAacTalOT ¢ POCTOM HOMEpa 4acTOThI, H TO, YTO Teopuss Kupxroda gaeT 3aBbllieHHbIE
3HAYEHMSA YACTOT ~ BCE 3TO MOTHOCTHIO COBUANAeT C pe3ylbTaTaMi HMCCACHOBRHUM,
IPOBEACHHBIX PAHEE NPYTHMH aBTOpamu. YueT AedopMalny HOTEPEUHOTO CABUTA BOIM3N
Kpasi TUTACTUHbI TIPH 9THX THHAX I'PAaHUYHBIX YCTOBHil UL HE3HAYUTENHHO YBEIHUUBACT
TOYHOCTb BHIYMCIEHUS COGCTBEHNBIX HacToT. [TocieiHee, OBHAKO, BOBCE HE O3HAYALT, UTO
Teopus ¢ y4eToM AecdopMalii NONEPEUHOro CBUra BONH3M Kpas TUIACTHHBI B [aHHOM
cliyyae HE WMEET HUKAKHX TpeuMmylilecTs nepej teopueir Kmpxroga. B camom pene,
OCKOJNBKY ACHMOTOTHYECKH TIIABHBIH WIEH NOrpaHCIONHOTO HOTEHIMANA He PABEH HYTIIO,
U BLIYUCTCHUM TiepePe3bIBAIOLIAX CHJI M KPYTSIUX MOMEHTOB Teopus Kupxroda B6nusm
Kpas IIACTHHbBI JOIYCKAET BEChMA CYLIECTBEHHbIE TOTPEUIHOCTH, TUKBUUPOBATE KOTOPbIE
MO3BONISET HMEHHO YueT fedopMatul MMONEPEYHOTO CABAra BOMM3K Kpast INACTHHBL

B ciyuasix 3ajaHMsi HA CTOPOHAX X = *g YCIOBHE CKOMB3AIER 3aACIKH M YCHICHHOTO
cBoGogHOro Kpas (Tabn. 3 u 4) peajabHble NOrPELIHOCTH, AOMyCKaeMble TeopHei
Kupxroda, "HOpManbHbIMU" Ha3BaTh Helb3sl. HanpoTus, oHu BeflyT ce0st BECbMa CTPaHHbIM
06pa3oM: BO-TIEPBbIX, OHHM TEPSIFOT CBOMCTBO CTa0HILHOIO BO3PACTAHUS C POCTOM HOMEpa
YACTOTBI, 4 BO-BTOPbIX, VIl HEKOTOPBIX YACTOT OHH OKAa3bIBAIOTCS HACTONLKO GONBIIAMH,
YTO NPUXOAMTCA CAENATH BBIBOJ O HEMPHMEHUMOCTH Teopur Kupxroda npu faHHbIX THIAX
rpaHUYHbIX yCIoBHiA. VI 9TO NpH TOM, UTO YAaCTOTHLIE YPABHCHUS, TTONYUYEHHBIC B paMKax
reopuu Kupxroda, sBasOTCH aCHMOTOTHYCCKH TIABHLIMA YICHAMH COOTBETCTBYIOLAX
YACTOTHBIX YPAaBHEHHI, MONYYEHHBIX 110 Teopun Peliccnepa! MIHTepECHBIM IIPEACTABIAETCA
11 TOT PAKT, UTO, KAK BUIHO U3 TaGM. 3 U 4, MOrPELIHOCTH, TOTYCKAEMble TCOPHEH ¢ yueToM
nedopMauuu MOMEPEeYHOro CABHTAa BOAM3M Kpas MIA4CTHHBI, OKa3bIBalOTCA BIIONHE
"HOPMANLHBLIME'", T.C. TAKHMHY €, KaK ¥ [IPH BCEX OCTANbHbIX THIAX TPAHMYHBIX YCIOBHH.
[TopoGHBIE Pe3yibTaThl, IPEXK/E BCEFO, HABOAT HA MBICIb O TOM, UTO, BO3MOXKHO, ObLIX
MONYyLIEeHbl KAKME-TO BBIYHCIUTENbHbIE OWHMOKH. YTOObL paccesTh COMHEHUA MO 3TOMY
HOBOJY, IPUBEJIEM YACTOTHbIE YPABHEHHUS, ONy4eHHbIe 10 Teopun Kupxroga u 1o Teopuu
¢ yueroM AeopMalii HONEPEYHOro CIBUra BOAM3M Kpas IUIACTUHBI, & TAKXKE acHMIITO-
THYeckue (OPMYIbI JUIsl OTHOCHTETbHBIX MOTPELIHOCTEH 8., AOMYCKAEMBIX TEOPUCH

Kupxroda: 8, = [(0; — 0)/®]-100%. (YacTtoTHble ypaBHEHHS, NMONXYUCHHBIC IO TOUYHCH

reopuu Peficchepa, He IPUBORSTCS H3-3a X rpomosjkocT. ITo 3TOM XKe NPHUNHE YacTOThl,
HafiicHub1e o Teopuu Kupxroda, cpaBHHBAIOTCA HE € UaCTOTaMU, HAUXCHHBIMH 11O TOYHOM
reopuu PeiiccHepa, a ¢ yacTOTaMH, HaWJIEHHBIMHA TI0 TEOPRY, yUHTBIBAIOIIEH AedOpMalio
MONEPEMHOro C[BATA BOIN3H Kpas IJIACTHHbL.)

Croab3awas 3adeaxa. YacroTHOe ypaBHeHHE, NMONYUYEHHOE MO TEOpUU Kupxroda,
UMEET BHJ

Xy, cos(Aqpa)sh(hg,a) + Ay, sin(A,y,a)ch(hy,a) =0 (5.1)

A =@ P D412, Ay =@,ph/ D12, p,=Q@n-Dn/(2b)

YacTOTHOE ypaBHEHHE, TOJTYYCHHOE 1O TCOPHH C yYeTOM Je(popMannu NONEPEUHOro
caBura BOIM3K Kpast IIACTHHBI, BBITISUT TaK

(1=K, cos(hy,a)sh(,,a)+ Ay, sin(h,,a)ch(d,a)] -
—4(h ] 3)w,+ph! DAk, sin(h,,a)sh(h,a)=0 (5.2)

OTHOCHTENBHAS TOTPEILHOCTD, Aonyckaemas Teopuell Kupxrodga, npuGiImKeHHO Bbl-
aucnsieTcs no gpopmyine

-1
4 h T L+ cos{A,,a) N n?cos?(h,,a) 100%

= a 53
81— a| Ara)? U puadsin(hg,a) | A3, sin® (Ay,a0) G-

&
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Tabauya 5 Tabauya 6

N Su(h=0,1) 8.(h =0,04) N d.(h=0,1) 8. (h =0,04)
1 49,18 19,67 1 8,51 3,41
2 223,83 89,53 2 76,52 30,61
3 549 2,20 3 0,95 0,38
4 32,24 212,21 4 212,54 85,02
b 530,52 12,90 S 8,51 3,40

Newaenubul c8o6o0ubiit kpaii, HacToTHOE ypaBHEHHWE, NOJYyYEHHOE IO Teopuu
Nipxroda, UMeeT BUJ

cos(hs, @) =0, Ay =@, phl D-p2, W, =(2n-Dn/(2b) (5.4)

HactoTHOE YPABHEHHE, NONYUEHHOC MO TCOPHUH C y4aeTOM ue(bopMauI/m NMONEepeHOro
. lEHTA BOMU3H Kpas NJacTUHbL, BBITIAINAT TaK

- cos(h,,a)ch(hy @) — (h 1 8@, \Jph/ D %

17, c0s(hypa)sh(r,a) + Ay, sin(Ay,a) ch(h;,a)] =0 (5.5)

()THOCHTEeNbHAsA TMOTPEIIHOCTD, JonyckaeMas Teopueit Kupxroda, npuGIHXKXeHHO Bbl-
sroseres no popmyde

. 2 RN

S, = ———— L. 100% 5.6
Si-wap: GO

B taB1. 5 1 6 IPUBEJEHBI 3HAYCHHSE OTHOCHTENBHBIX TIOTPEIIHOCTEH 8., BBIYUCICHHBIX
“ chopmyne (5.3) mas cyuas CKoab3sied 3afgenku (Tabn. 5) m no dopmyie (5.6) nas
J7hviud YCHAEHHOTrO cBOGORHOTO Kpad (Taba. 6). CpaBHuBas 3HaYCHUS NOTPEIIHOCTEHR,

“8CCHHBIX B TaGa, 5 M 6, cO 3HAYEHHAMH COOTBETCTBYIOUIMX MOTPEMIHOCTEH, NpH-
-2 CHHBIX B Ta0OI. 3 u 4, lerko y6eauThesl B TOM, UTO COBIMAJACHUE JOCTATOYHO Xopoulee s
0. UTOBB] MOKHO GbLIO HCKIFOUHTh BCAKYIO BO3MOXKHOCTh OLUIAOKH.

}{TaK. TOUYEMy Xe TIPH IBYX THIAX FPaHU4HbIX ycnosuit Teopust Knpxroga okasbiBacTCs
cc upHMeHnMoit? ®u3nUecKre OCHOBBI 3TOTO SBIEHHS OylAyT OOCYXKAaThCs MO3XKE, a €
L HHCTHTENLHOR TOUKH 3peHHs NIPHUYRHA, BHIMMO, 3aKIIOUAETCsE B TOM, YITO MPH 3THX ABYX

74X IpaHHYHBIX YCIOBHH IOTPAHCIOHHBLIA MOTEHNHAN OKA3bIBAETCA 3HAMUTEIBHO
T oohuie, UeM NpH ApYrHxX (MMETCs B BHAY, KOHCYHO, PEallbHbIE 3HAYCHUA NMOrpaH-
©THOTO MTOTEHLUANA, @ HE aCHMIITOTHUSCKHH NopsifoK). TIpuseeHHble HUXKE BLIPAXKECHUS
“ -+ cOOCTBEHHBIX (hOPM (BBIYHCIEHHBIX 1O Teopuu Peiiccuepa npu i = 0,1 M) B cryyae
_-.H0HOTO LIApHAPHOTO omupanus (korga teopusi Kupxroda paer "HopManbHbie" pe-
..1nTaThl) M B CIy4ae CKOMb3siiel 3afelku (korga Teopusn Kupxroda He NMPpUMEHHMA)
+ £3bIBAIOT, YTO, ACHCTBHTENLHO B CIlyyae CKONb3sLIEH 3afelKH MOrPaHCIOAHBIA 110~
. U1d1 OKa3bIBAETCS IPUMEPHO B 3 pa3a 0olbile, 4eM B cily4ae CBOOOAHOrO MIapHAPHOTo
HDUHIS,
Cro000HOE WAPHUPHOE ORUPAHUE

®, =0.0349 cos(1,55x)cos(1,57y), F =0,0002[¢ 1660-1) _ =30+ gin(], 57 y)
®. =0,0327cos(1,54x)cos(4,71y), B =0,0005[e 00 =50+ sin(4,71y)
® . =-0.0331cos(4,70x)cos(1,57y), F, =0,0005[¢>"641=0) =364+ D in(1,57 y)
®, = -0,0314cos(4,66x)cos(4,71y), F, =0,0015[¢ 19105 _ 31910+ 5in(4, 71y)
®, =0.0296cos(l,53x)cos(7,85y), F; =0,0009[¢ 47070 _ 2470 1in(7,85y)



Ckoabsawasn 3adeaxa

@, =-0,0290cos(1,62x)cos(1,57y), F =0,0008[¢>"66(1-%) _ p=31:660+2) 14ip (1, 57y)
@, = 0,0295¢0s(3,50x)cos(1,57y), F, =0,0019[¢31-650=9) _ ,=31650+5) 16311, 57y)
@, =-0,0320cos(1,53x)cos(4,71y), F =0,0014[¢>"#U-%) _ o=31950+0) 16in (4, 71y)
®, =0,0278c0s(4,15x)cos(4,71y), F, =0,0045[¢="920-0) _ p=31920+x) 1644, 71y)
&5 =—-0,0311c0s(6,34x)cos(1,57y), F; =0,0017[e2610-0) _ o-3L610+0)14i5(1 57y)

Takum oGpasoM, nonyyaeTcs, 9ToO NpH nepexofie K Teopun Kupxroda oTGpachIBaloOTCs
WICHDI, COlepKalllde NOTrPaHCAOHHbI MOTEHINAJ, PeaibHble 3HAUEHHsI KOTOPBIX B Cilyyae
YCIOBUH CKONMB3ANIEH 3aielKH ¥ YCHISHHOTO CBOGOAHOrO Kpasi HE JOCTATOYHO Majbl 110
CPaBHEHHIO C OCTAaBIIMMHCS caaracMbiMi. IMEHHO B 9TOM M 3aKNIOYAeTCsA TPAYMHA BO3-
HUKHOBEHMS HENOMYCTHMO GOJBLILHX MOTPEIIHOCTEH MPH MCHOAb30BaHUM Teopuu Kupx-
roda. .

6. O6cyxnenne Gpu3NIECKOro CMBICHA NOJNYYEHHBIX PE3yJIBTATOB. PACCMOTPHM Te THITb!
KpaeBbIX YCIOBHA, IpH KOTOPLIX Teopus Kupxroga okaspiBaeTcs He MPUMEHUMOMT, & HMEH-
HO yCJIOBMSL CKOJB3ALIEN 3a[eTIKH

Ny, =0, W] =0, ¥| =0

1 YCIOBHA YCAIICHHOTO CBO60J1HO]"0 Kpast

N, =0, M| =0, ¥ | =0

Kax sugno m3 dopmyn (2.3), u B cnyyae ycnoOBHA CKONB3SILEH 3aleliKd, U B cydae
YCIOBHH yCHAEHHOTO CBOOOJHOTO Kpast, EJUHCTBEHHBIM YCIOBHEM, B TTIABHOM WIEHE 3aBH-
CALMM OT TIOrPaHCIOAHOTO IIOTEHIHANA, ABISETCS YCIOBHE PABEHCTBA HYIIO MEPEPE3bl-
Baroue#t cunbl. [ToaroMy npu nepexope K Teopus Kupxroga aTo yciaoBue HCKIIOYAETCH U
TPaHNYHblE YCIOBHSt (POPMYJHPYIOTCH CACAYIOUAM 00pa3oM: CKONb3silas 3ajenka
Y, |.=0,¥;|. = 0; ycuneHnnblit ceoGopublii kpait M, |, = 0, ¥;|. = 0.

O6cyxpas cieunduKy POpMYITHPOBKH YCIOBHH CKONB3AIEH 337K U YCUIAEHHOTO
cBoOopHOro kpas B Teopun Kupxroda, ciejyer o6paTuTh BHUMAHHUE Ha [Ba OGCTOs-
TENbCTRA.

¥YT0J IOBOPOTA BOKPYI HOPMANK K KOHTYPY IactTuubl B Teopuu Kupxroda He sBisieTcs
HE3aBUCHMONR BENHUMHOH, a BbIpaXkaeTcs uepe3 MONepeyHbld nporad mo dopmyre
W, = —0w/9T. 310 03HauaeT, uro ycnosue W |, = 0 ¢ hPU3NIECKON TOUKH 3PEHUST BCTYNAET B
IpoTHBOpeYre ¢ ycnosueM N, |. = 0, u ecan dopmansHo ycnosue N, |, = 0 MoxeT ObITh
YAOBICTBOPEHO MyTEM yueTa aCUMOTOTHYECKH TIIaBHOTO YIeHA MOTPAaHCIOHHOTO MOTEH-
umana, 7o GakTHYECKH IMONYvYaeTCs TaK, YTO HA KOHTYPE OJHOBPEMEHHO 3aJlaeTcs M
IIonepeyHblA TPOTHG U NEpepe3bIBatoLIas CHIA, YTO ¢ (PU3AUECKON TOUKH 3pEHUS, BOOOLIE
TFOBOpsi, 6ECCMbICIEHHO.

IMockonbky B Teopun Kupxroda ycnosue W, |. = 0 aBiseTcss crneacTBHEM ycnoBus
wl. = 0, nony4aeTcs, 4TO YCIOBHS CKONb3sLIEH 3a/lCIKH 3KBHBAIEHTHDI YCIOBHAM KECTKOM
3a/eJIKH, & YCIOBMA YCHIEHHOTO CBOOOJHOTO Kpasi, B CBOIO OUepelib, IKBUBANEHTHbBI YCIIO-
BUAM HIaApHUPHOTO onupanust. C PpU3HYeCKOH TOUKH 3peHHst TaKasi CHTyauus aGeyp/Ha.

Bce ckasanHoe BhILIE MO3BOMSICT CAENATH CHEAYIOUHH BbIBOJ. XOTS (GOPMAbHO
nepexoft K reopun Kupxroda B cnyuae 3ajaHist Ha KOHTYPE YCIOBHI CKONb3SILUEH 3a/IENKH
1 YCUJICHHOTO CBOOORHOTO Kpasi BO3MOKEH, NONYYAIOLIMECS TIPH 3TOM (POPMYIUPOBKU
COBEPILIEHHO HE OTPaXaloT PU3MIECKOro cMbIcHa 3agad. [ToaTOMy HET HHYEro yIUBHTE I b-
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5 TOM. 4TO Teopus Kupxroda npu gaHHbIXx THIAX MPAaHHYHBIX YCIOBHMH OKAa3bIBAETCA
. TTHMCHHMOM.

AsTop 6raropapur ILLA. XKununa u 10.I'. Ucnonosa 3a o6cyxpuenue paGoThl U 110J€3-
.o 3aMeYaAHHA,
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