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HECTALLHOHAPHASl THUHAMMKA
CJIABOCKPYYEHHOW IOMEHHOHW r'PAHHLDB! (AI)

I. E. Xodenkos

B mpefiesie OveHb TOHKHX NePNEHAMKYJIAPHO HAMACHHYERHHX MJEHOK H3yyaeTcs He-
CTAalHOHAPHAS JHHAMHKa AOMEHHOM rpammiusl (), cTemens CKPYUEHHOCTH KOTOPON B
9TOM nipefieie Maja. BhiuscieH BK/aX CKPYYEHHOCTH B 3aBHCHMOCTD cpeaweii ckopoctr I
OT ABHXYIIEr0 MarHHTHOTO TOJSA.

Kak #3BecTHO, B MepNeHAHKYAAPHO HAMATHHYEHHBIX MIEHKAaX OIHOOC-
HBX ¢eppomarnetnkos 180° pomenwas rpawmna ([AI) moa neitcranem
Pa3MaTHHUABAINUX [IOJIeH CTAHOBUTCH CKpyyeHHOH. [TpocTpancTBeHnHas
ABYMepHOCTb ckpyuernolt JIT' jesaeT HOCTATOUHO CIOMKHOH ee OCHOBHYIO
JMHAMHUECKYI0 XaPAKTePHCTHKY — 32BHCHMOCTh CKODOCTH jaXe OT Moc-
TOSIHHOTO JABHXKYILIETO MarHHTHOTO MOJs. B 0COGEHHOCTH 3TO OTHOCHTCH K
HecTauHonapno# obsactn aBmxenus JIT, B ToM uHcsae u K 061acTH HAchl-
IIEHHS! CKOPOCTH, TJIE UHCHEHHBIMH MeTOAAaMH OOHApyiKeHbl —pa3iHyibie
AUHAMAYECKHE PEKHMBL. CpefH HHX MOXHO YKa3aTb NEPHOTHYECKHH pe-
KHM 32DONJIENHS!, JBHKEHHS H «NPOPLIBA> HA MOBEPXHOCTb TUICHKH elH-
HUUHOH ropn3oHTaNbHON GnoxoBekoil aunun (F'BJI) mo CronueBckomy;
pexnM AnHaMHueckoro Hakomaewus I'EJI (DBS) [1, 2); pasianynble Mexa-
HH3MBl XQOTHUECKOTO moBefeHus ckpyuenno#t OT [3—5]. Yenosus BO3HHK-
HOBEHHsI MEePeYHCJEHHBIX H APYTHX PEXKHMOB, TPAHHIL HX CYUIECTBOBAHHS
N0 MOCTOSIHHOMY BHEIIHeMy JBHXKYUIEMY MO0 H JPYTHM napameTpam, K
COMAJNIEHHIO, BO MHOTOM OCTAIOTCS B HACTOSLIEe BPEMA HEBLIACHEHHBIMH.

Hunamuueckne mapamerpsl [IT 3aBHCAT OT CTENEHH ee CKPYYEHHOCTH,
KOTOpasi OTPEAENISIeTCSt COOTHOIIEHHEM My TOJUHON NJeHKH h H wli-
puHO# GnoxoBekofi auHuH A, Jlas OueHbL TOHKMX - nJIeHOK h<A cremeHb
ckpyuennoctn T mana [6] u 31ech CTAHOBHTCA BO3MOMHBIM aHAJNHTHUE-
cKoe HccaenoBaHHe 3amaud [7, 8]. B [8] mccaenoBanach craumoHapHas IH-
HAMHKA H B COTJIACHH C YHCJEHHBIMH pesyabraTamu [6] 6bui0 o6HapyMxeHo
BO3pacTaHue NMAKOBOH ckopoct I, TO ecTh TOUKH OKOHYAHHS CTALHOHAP-
HOTO peXHMa.

B macrosmefi paGore mceaenyercst WecTauHOHApHAs AWHAMHMKa caabo-
ckpydennoit I, koropoit B oTaMyMe OT cayuas «TOJACTHIX» TUIEHOK A>A
CBOHCTBEHHBI MOBHILEHHbIE JHHAMHYECKHE XapAKTEDHCTHKH, NpHOMMKA-
tomuecs k oxHoMepnoii [T, Yemexu B BHpPAMBAHHH yJbTPATOHKHX Mar-
HHTHBIX CJOEB, NO-BHAMHMOMY, TO3BOJSIOT OXHAATh NPOBELCHHS SKCHEPH-
MEHTAJbHbIX Hecienopanuil auuamuku AT B 310# o6nacTh. 3aMeTHM TaK-
e, uTO POPMATBHO K PACCMaTpHBAEMOMY mpeaedy <A MOXKHO OTHeCTH
IVIEHKH OAHOOCHBIX (eppHT-rpanatos BGJM3H TOMKH MArHHTHOH KOMMEH-
cauuu, Tae HaMarHuueHHocts M—-0, Tak Kak, HallOMHHM, A = (A/2nM‘)'/2,
rae A -— KOHCTAaHTAa OOMEHHOM KECTKOCTH, XOTS CHJIbHAS KOIPUHTHBHOCTb
H 3aTPYAHAET AHHAMHYECKHe HCCJEJOBAHHS B 3TOH 0GJACTH.

dopmyauposka teopuu. [lunamuky uentpa AT q(z, t) u asumyranib-
HOro yriia HamMaryuueHHoctw B HeM (2, {) GyieM ONMHCHIBATL VPaBHEHHSA-
mu CloHyeBckoro

-t = -— et 4 cos P [sin p — H (2)]; (1.1

V+ag—H=eq". (1.2)
C TPAHUYHBIMH VCJIOBHAMH Ha TOBEPXHOCTAX MAEHKH

VYE=+1,0)=qE=+11#=0 (1.3)
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TIpeanosnaraercs, 4To OCb 2z KOOPAHHATHON CHCTEMBl X, Yy, 2 HampaB.ieHa
BJIOJIb HOPMAJTH K TIOBEPXHOCTH MJICHKH.

OcHOBHOE TpPENNOJIOXKEHHE HACTOsIeH CTATbH COCTOHT B TOM, YTO na-
pametp e=2A/h>1. 31ecs HeONHOPOAHOE MO TOJNUMIHHE IJIEHKH Gespasmep-
HOe DA3MarNHYYBAIONlEe NOJe, Bhl3bBalomee ckpyuensocts AT, H(2) =
Arth(z); H=H./4nM — GespasMepHoe ABUXKYlUIee NOCTOSAHHOE MarHHTHO®
noJie, MepneHJHKYIspHOe NOBEPXHOCTH MJIEHKH; 4 -— HapaMeTp 3aTyXaHHs
Tnav6epra. Koopausata z msMepsieTcss B eAHHHUAX TOJYTOJLHHH T.1€H-
Ku—h/2 (—1<<z<l); Gespasmeproe Bpems t—B emuHuuax 1/4ayM
(y>0— marauToMexanuueckoe oTHoWenue); nonoxenne I ¢ namepser-
ca B epunuuax wuprabt AT A=A/YQ, rae Q>1 - dakrop Kauecrsa.

Teopust Bosmymiennii. Pemenne ypasuenuit (1) miieM B BHAE PSI0B 1O
MaJoMy HapaMerpy A=e ?, yUHTHBAIOUMX BAWAHHE CAabOH CKPYueHHOCTH
Ha oftHoMepHoe aBiKenune 1T

@ 0, b =" 0, ¥ ®) +

+2g" @ 0, 6 )+ 227 @ 8, v (@ )+ @

B HecrauuoHapHOM pexuMe HMEIOTCS OCHH/VIHPYIONHE BO BpeMeHH
COCTABJIMOUINE JIBUKEHHS, TAK YTO €CTECTBEHHO OXKHAATH MOSBJICHHS Ce-
KYJSIPHBIX PAaCXOAAUHXCSH NPH f-+~00 wienoB. OOBMHEIH CIOCO6 HX KOM-
IIHCAUHH COCTOHT BO BBEJCHUH B TEOPHIO YACTOTH @, 3aBHCAWER OT aM-
nautyas. PaccmarpuBaemas 3ajaua HMeeT TO OTJHYHE OT CTaHIAPTHOR,
UTO 31€Ch HCXOAHOE OCUM/IADPYIOLLEE PelleHHE OMPEIEseTcss HeKOTOPbIM
HeJUHEHHBIM ypaBHEHHeM (a4 He TADMOHHYCCKHM ypDaBHEHWeM, KaK B CTaH-
unaprioM caydae). Tlpu 3TOM yactoTa mHeJHHEAHBIX OCUMMIALIA » Kak
OGynkuns Buewnero noJst H MMeer KopHeBYIO OCOGEHHOCTb, OTAeSIOULYIO
craunoHapryio Ausamury OI' $=0 or mecraunonapuoii 5=0. Ilostomy
PAsJIOKEHHEe Y4aCTOTH NPKBENET K PACXOAHMOCTAM KOPHEBOrO THMA.

IMpoGaema Moxker GbiTh paspeluena, ecan B (1) BBecTH HeKOTOpoe 3(-
(exTuBHOE NOJE ¥, ONpenenseMoe B NOCJEAYIOIENM H3 YCJIOBHH pa3peury-
MOCTH, H Hapfizy ¢ (2) paccMaTpHBATh Pa3MoOXKeHHE

H=H*4+3HY L 225 4 @3)

Teopust Bosmyllenuii He fieHAeT, KOHEUHO, KOPHEBOIO THNA OCOGEHHO-
CTH DeWICHHSl, HO Tenephb YiKe B HYJIeBOM NPHOJHXNEHNHH pelleHHe yepe3
H* 3aBHCHT OT nmapamerpa CKPYYEHHOCTH ¢ AHAJOTHUHO TOMY, KaK B CTaH-
JAPTHOM CJIydae YacTOTd 3aBHCHT OT AMIIHTYAbI.

C yueTOM 3anHCANHBIX BHIUIE pasfoxeHHA ypasHeHus (1) cBoasTcs K
caepyloued MOC/eI0BATeNbHOCTH 3aAUENAIONHXCS VPABHEHHI:

¥ =0, ¢'=0; )
q‘””=;l:'“’—1‘1“‘+al-]‘m; (5.1)

(© (0)

+ sin

a nocaenyloUIHe ypaBHEHHA 3aNACHBAIOTCA B BHAe (n=2,3...):

P = (=g 4 ay cos9'”) — H (2) cos ', (5.2)

g = POV g gD ©.1)

¢(n)" v ;]m—v)+ m‘P(n—l)+ f(nnn ) 6.2)

;.laﬁlbﬂeﬁllﬂ!e BBIYHCJEHHS OrpaHHUMBAIOTCA YPABHEHHSMH TPETbero mo-
pAaka n=3. SIpnuifi Bua Gynxuui f-? B npaswx wactax (6.2) Taxos:
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fﬂl =CM2\P(O,¢(‘)+H(Z) Sinw(O)\P“); (7.1’
f(”:cos z\pw»‘pm —sin 2\|>‘°' (\p‘“)z +
+ H (2) [sin g9 4 0,5c0s 1 (")7]. 7.2

Bo Bcex npHOMHKEHHAX NOJUKHBI BHIOJHAThCA IpaHHuHbie yciosus (1.3).

HyaeBoe u 1-e npubauxkenus. YpasHenus Hynesoro mopsiaka (4.1) mo-
Ka3BlBAIOT, UTO COOTBETCTBYIOUIHE BENHYHHB He 3aBHCHT OT KOOPAHHATH 2
H ABJAAIOTCA TOAbKO (yHKuusMu BpeMenu f. OHH OyAyT ONMpeleteHs H3
YCJIOBHH pa3pelIMMOCTH ypaBHeHHii mepsoro mnopsiaka (5). YpaBmenus
(4) —(6) — HeonHOpOAHBIE YPABHEHHA VIS NONPABOK MOpsAka n. B ux ae-
Bhle YaCTH BXOAMT 3PMHTOB omepartop d?/dz? ¢ rpaHHUHBIMH YCJIOBHIMH
(1.3). 3roT omepatop sBasercs ocoObiM (He HMeeT 06PATHOr0), TAK KaK
O} MMeeT HyJeBoe COGCTBEHHOE 3HaueHie, KOTOPOMY OTBEYaeT MOCTOSHHAS
cobersennas ¢ynkuns (1/72). PaspemnmocTh 3ajaud nO NMPOCTPAHCTBEH-
HOH KoOpAuHATE 2z Tpebyer oOpallleHMss B HyJb HH1€rpaoB B Mpegesax
—1<<z<1 ot mpasuIx yacTel 1enouxH ypasuennui (5)— (6).

Takum 06pa3om, yc/ioBHE NPOCTPAHCTBEHHOH PA3PEUIUMOCTH 115 YpaB-
HeHult mepsoro mopsaka (5) B cuay aHTHCHMMeTpHH H (2) uMeer BHA

¢ — o = sin ¢ cos $*, ¢‘°’+w}"” = H*. ®

Ecan H*<a/2, To HMEeT MECTO CTAUHOHAPHBI DEXHM ABHAKCHHA C noc-

TOAHHOM  CKOPOCTbIO §©=H*/0 B NOCTOAHHBIM  A31MYTAJbHLIM  YIJIOM.
B orcyrcTsue ckpyuennoctd H¥*=[{, npeieibHoil VOKEPOBCKON CKOPOCTH

q@=1/2 otsevaer mpemenbhoe nose H=a/2 n yroa $=x,4. Hounue
c1a6oH CKPYUEHHOCTH HECKOJIBKO MOAHHMAET 3TH rpaHHubl [6—8].

B npyrom npeiene H*>/2 peanusyercs HecTALHOHAPHMHA, npeiec-
CHOHHBLE, Mexanusm asuxkenns [T [9):

2 L] = (1 +sinasin (20* — a));

sing = sin 0*/[.

P = @*cosa/]...], ©.1
79 = (H—9")e, sina = a/2H*; 9.2)
o* = VH?® —(@/2)%(1 4 a?). 9.3}

Ycpeausis mo NepHoly ABHXKeHHS 2m/w*, moayuaeMm Las cpefuedl cko-
poctu AT 1 yTi10BOM CKOPOCTH MpeLeccHH:

o He [ VI=@pa)? TO % 0
q,u[x VIR ],w—w. (10

OGpaTHM BHHMaHHe HA HAJHYHe MHHHMYMa y CpelHefi CKOPOCTH U yIo-
MHuHaBLIefica KopHeBoil ocobennoctn B (9.3) u (10).

Toxcrasus pewennsi (9) B npapble 4acTH ypaBHEHHH MepBOro MPHO.IH-
xeHnsa (5), noayuaem

V= qM )y ¥V (2, 1) =cos ¢ (1) {21n 2+ 2/2 — fL (2)/4} —
+0 1@ =10+ 20 In(1 +2) —(1—2fIn(1 =21 (1)

Taxum 06pa3oM, ypaBHeHHs (5) OMpelensiioT pelleHlie ¢ TOYHOCTbIO 10
JBYX MPOH3BOJIbHBIX yHKuui Bpemenn ¢ (f) u (). Kotopnle Oyayr
Gnpejleienbl yKe H3 ypaBHeHHi CJeilyIolero, BTOPOro, Mopsaxa.
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IIpexae yeM NEPEXOAHTL K YPaBHEHHAM BTOPOTO NOPHAKA, ClelaeM
OHO YNpOIIEHHE YHCTO TEXHHYECKOro Xapaktepa. TouHoe BBIpaXKeHHe NO-
as ckpydenHoctH H(z) =Arth(z) npusonut, kak 310 yxe BHaHO u3 (11),
K OYeHb TPOMO3NKHM BHIpameHusiM. Hike Henoabayercs npocTas anmpok-
cumauns H(z) =kz, k=2In2, KoTOpas AOCTATOYHO TOYHO NPEACTABASET
HHTerpasibible Beauuunb (¢urypias ckobka B (11) Tteneps npuuumaer
BUA k(2—2%/3)/2), ecan ydecTb, uTO JOTapHQMHUECKHE PACXOAHMOCTH
nois B feHCTBHTENLHOCTH o6pe3alores ectectBenubiM o6paszom [6). Takyio
3aMEHY MOXHO ONpaBAaTh €Ul M TeM, YTO B Tpellee OueHb TOHKHX ILIe-
HOK BCE 3aBHCHMOCTH OT Z SBASIOTCS MIABHLIMH, Tak kak I'BJI orcyrer-
Bylor. Ho, koHeuHO, cBoficTBa MPHO/HKEHHBIX BBIPAXKEHHH YXYAWAKOTCH
NPH MHOTOKPaTHOM AH(depeHuupoBatni.

2-# nopsifoK, yciaopue nepuomuuHoctu. [lojcTasum Buipaxenus (11) B
YpaBsHeHns Broporo n=2 nopsijka (6):

7)== 4" @) + @t (1) + cos 299 (1) — [k (2 — 23)/2) x
x [sin \p(m {FM — cos 29 cos W] -+ (k2/4) sin 2 (22 — 24/3) +

+ kzsin g (1); (12.1)

@) = ag (&) + 9 ()~ H" — [k (2 — 2/3)2] sin ¢ ¢, (12.2)

Jas paspewnmoctd ypasuennii (12) muTerpainl oT HX NPaBbHIX uac-
Telt M0 dz BHOBb MOJKHEI ofpamartbess B Hyab. B BosHHKalomme ypashe-
HUsA Pa3PEIHMOCTH BHOCAT BK/IAAbl TOJIBKO CHMMETpPHYHLIE M0 2 W/EHD:

— V() Lo (1) + cos 29 OpD (1) + (k2/15) sin 290 =

ag (@) + (1) — H" =0. (13)

Otu ypasHenns onpegeasior Qpynkumn ¢0(f) n W ({), ocrapasmmecs
HEONpeleeHHBIMH TIOC/Ie DelleHHs YpaBHenHil nepBoro mpubawxenus (5).
Beanunua nonpaskn k momo A Gyzer onpesedeHa u3 ycJOBHi TepHo-
JHYHOCTH MO BPEMEHH (CM. HUKe).

Hckmouas g0 (f) n3 (13), NPHXOAHM K YpaBHEHHIO NepBOro MOpsAKa
10 BpeMeHH

L™= ‘“—(ﬂ — zw), (14.1)

rae oneparop
(14.2)

Pewenne (14.1) umeer Buj
4
PO () = b () [ (F O)po (1)) 2, (15)
il

rae f(¢) —npasast wacts (14.1), a apo(f) — pemenne OJHOPOLHON uacTH
(14.1): Lo (f) =0. 1o pewenne Jerko onpezensiercss Audgeperunpona-

upem ypasmenns (8) n Bugo Beipamenus (9.2): Po(f) =y (f). Pynkuus
1/ (f), BXOASUlAsE B MOABIHTErpal, B CBOIO Od4epelb ABJAETCH pelleHHeM

A
OHOPOJHOTO YpaBHEHHs ¢ OMEPaTopoM L+, KOTOpHLI siBiseTcs compsmKen-
HuM K (14.2)) Tak kak o () — nepHoaudeckas QYHKLUHS BpeMeHH (HO ee
cpeaunee no nepHoay 3HAUEHHE He PaBHO HyJ[KJ), TO YCJOBHE MEPHOAHYHO-
cri pewennii (13) B coorBercTBMM ¢ OGUIMMY TIPABHAAMH COCTOHT B OPTO-
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TOHAJIBHOCTH NpPaBOH uacTH ypaBHeHusi (14) pewleHmio ORHOPOAHOTO co-
NPSIKEHHOTO ypaBHeHust (Gojiee OGLIYI0 TEOPHIO MNOAOGHHIX YpaBHeHHi
nepsoro nopsiaxa cM. B [10]).

T ¢ i @ de=o )
|

Coornoulenne (16) MOXHO paccMaTpHBAThb Kaxk ypaBHeHHe AJIsi ONpe-
menernst HO. Tlpy ero HeBBINOJHENHH BO3HHKAIOT PACXOAALLMECH YJEHb
THIA Isin®*f. YclOBHS NEPHOIHYHOCTH TMO BPEMEHH B CJIEAYIOIUHX NpH-
GamKeHHAX Takke uMelor BHA (16), HO ¢ COOTBETCTBYIOUIHMH (YHKUHA-
mu [().

Teneps ¢ momowpto (16) nosywaem nonpasky K 3(hEKTHBHOMY OO

H® = a?k?/30H*, (17)
UTO TIO3BOJAET OMPENeNHTHL JBE (YHKUHH BDEMEHH, BXONfIHE B ypaBHe-
HHs mepBoro nopsaka (11)

P (f) = — ’lz—g_sinu [cos @ — cos (20%t — a)] PO for%;
5

g (&) = (HD — 4 (1))/or, (18)
rae sina=a/(2H*) —cm. (9.2). IlpuBesennble BeJHYHHB — NEpPHOLHYE-
CKHe (DYHKIHH BPEMEHH, HO WX CpeiHue MO Nepuoiy He pasHbl Hyao. Xo-
TSl MCKTIOYEHHE CeKyJSPHBIX UTeHOB BeleT K TOMY, YTO CpeiHee OT Hpo-
H3BOAHBIX P (n>=1) paBHO HYJMO, HO 3TO He OTHOCHTCA K MPOH3BOAHBIM
9™ u3-3a BKJI4Ja WIEHOB psija (3) — H™,

PaccMoTpuM Temeph BJHSHHE CKDPYYEHHOCTH B [epBOM TMOPSAKE Ha
cpeamioro ckopoets JT. Vepennss (18) mo mepHoAy ABHMKEHHS, NOJIVYHM
ZIST cpefiHedl CKOPOCTH MOAM(HIHPOBAHHOE Bhipaxkenne (10)

R = R
3 14+ a?

B = (2/2)* + k% 15e%, 19.1)
TakuM 06pa3soM, BO-MepBLIX, caabasi CKPYYeHHOCTb HECKOJBbKO YBEJH-
YHBAET MOJIE H CKOPOCTh, C KOTOPLIX HAUMHACTCS HECTALHOHAPHBI PeXHM
nBuxenns (B>a/2). YucjieHHO HOBOE 3HAUEHHE CKOPOCTH HE3HAUHTENBHO
OTJIHYAETCS OT BHIYUHCJAEHHOTO B [8], 4TO 06YCJAOBIEHO TONBLKO 34€Ch HCIOb-
3yeMoii HPOCTO AanNpOKCHMaUHeH mnoJjsi pasmarduyusanmsa: Ecau nosro-
PHTH CTALHOHAPHLIE BHIYHC/AEHHS [8] ¢ HCMO/IL30BAHHOM BHIIE AMMPOKCHMA-
uHel monsi, TO pesyabrTarsl cosnaayt ¢ (19). Bo-BTOPHIX, MooXKeHHe MH-
HEMyMa cpefiieli CKOPOCTH TEeNepb HECKOJbKO CABHTAercs B CTOPOHY G0Jb-
WIHX MOJIeH
I
H,=fdtah)
aV2t+al
Teneps ¢ yuerom (11), (17), (18) moxHO 3amucaTb pelleHHe ypaBie-
HHl 2-ro npubnHKerns (12):

(19.2)

) _:;i i O ﬂ‘_z_ﬂ‘gi - (1)
g% (2, 1) T sin POy (z I Py z) - ¢t (8); (20.1)
2 PRy R S . PO ) 0
Y (z, 1) 3 ( s o 5 )bml]» cos P -+

+-£ (z3 L z) (—aesin PO 0 4 cos 20 cos §*) +

k(2 i O 2
o () st () 4 v (20.2)
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SddexTuBHOE TONE, BXOAAllee B NpHBEJEHHHE YPaBHEHHS uepes yacTo-

1y ©*, paBHo H*=H—H"/¢? rae nepeas nonpaska K MO0 AaeTcs (17).
Pewennsi (20) comepxaT ABe HeompejeeHHbie QYHKUMH Bpemenu g (f)
u P@(#), KOTOpHE HAXOAATCS H3 YCJIOBHII MPOCTPAHCTBEHHON paspellnMo-
CTH ypaBHeHHil ClIeyIONero, TpeThero, NopaaKa.

3-i nopsnok. YpaBbHeHus STOro HOpsAKa nomydalores u3 (6) npu n=3
¢ yuetom (7.2) ¢ noxcraHoBko#i (20). B HacroseM pasjese BHYHCIEHHA
OTpPAHMYHBAIOTCH TOMBKO CJAY4aeM CHALHHX ABHKYIIHX MATHMTHHIX MOJeH
H>1 n onpeneiennem cpefneil ckopgetd JT B 5Toil BHCOKOMONEBOH 06-
aacru. [l 5T0TO JA0CTATOYHO OTPAHHYHTBCS H3YUEHHEM YCAOBHA MpoOCT-
PAHCTBEHHOH Da3peIuHMOCTH ypasHenuil n=3. B ycJOBHS paspeluMOCTH
BKZaj BHOCAT, KK W DAHee, JHUb CHMMeTPHYHbIE N0 KOODAMHATE 2 YJeHBl,
H yPaBHEHHS HMEIOT CJe[YIIUKH BHI:

G000 = [0 4 3 cos 2400 — ' () s @Ly
A 2 3 .
— o (H® 8T () 500) 4
Ly I+a? { o T amaa0 Cos¥NO+
P (;:710 08 20 O ;%7"330 Sin 4o - sin 2y [(q;m o2+
+ T8 o5 1];“”] + k¥ sin gt [—17 (05 294 cos O — ex sin P ) +
5.7.9 3.7-15

2 sin oyt (t)] -—%k? cos? O (#) } (21.2)

re oneparop L~ maercst (14).

CtpykTypa 3THX ypaBHeHui Ta e, uto ¥ (13), (14), HO ¢ MHBIMH mpa-
BBHIMH YacTAMH. YCJOBHE MEPHOAHYHOCTH BO BpeMmerH (@ (f) no-npexneMmy
uemeer Bua (16), rae, onnako, B xavectBe QyHkuun f(f) Gyaer ¢purypupo-
Bath npasast uacte (21.2). OHo fABJIsieTCS yDABHEHHEM JJs ONPEAEJEHHS
noiss H®. B npenene H>>1, xorga coraacho (9.1) w*=H*/(1+a?), oc-

HOBHO# BKIAJ B ypaBHEHHE NPOHCXOMHT OT GOJbIIMX MHOXKHTENEH PO=0*,
HPHYEM COOTBETCTBYIOME C/laraemble NaiT CeKYIAPHEI pacXOAAuLHfics
BO BpeMeHH BKJajJ, €CcJH MX CpelHHe He paBHH Hymo. B (21.2) mMeercs

TOJBKO OAMH YJeH MOoNoGHOro Buja: —ak2(17/3-7-15)sin? \t(")-\if") (B ye-
JIOBMH NEPHOAMYHOCTH OH JeuTcs Ha Y©). JTo nossoaser cpasy ompege-
JUTH NONPABKY K MO0
27k g
iy QTR HE (22)
6-7-151 4+ a?

Iocae sroro, ncnonssys (21.1) u npemeGperast NONpaBKOH K MO0 mep-
Boro nopsiaka (17) B cuiy eec MajoOCTH, HPHXOAHM K CJEIyOlIeMy BHpa-
JKEHHIO AN CPelHell CKOPOCTH HECTAUHOHADHOTO JABHAKEHHS B 06JacTH
CHNBHBIX ABHXYUIHX NOJeH
2
(; . &_)» (23)

T 21-306* (1 o),

rae k==2In2. Takum oGpasoM, Raxe ciabas ckpyyeHHOCTb e=2A/h>1
OKa3biBaeT BJAHSHHE HA BBICOKOMOJEBYI0 IHHAMHKY IlI“, TIpHBOAA K BO3pa-
CTaHHIO NMOABHXHOCTH ﬂr, MOXKHO OXHAATh, YTO B NpeJesie TOJCTHX nje-
HOK €<<1 9T0 BJHSNHUE MOXKET GHTh 3HAYUTENBHO CHJLHEE.

4 ©MM, 1996, Tou Bl pun. |
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SddexTuHOe MONe, BXOAALlEe B NpHBEICHHHE YPABHEHHs Uepes3 4acro-

1y @*, paBro H*=H-—H1)/e?, rae nepsas nonpaska K momo aaerca (17).
Peurennsi (20) comepxar ABe HeonpeieseHHbie (QYHKuuH Bpemenu ¢ (f)
u @ (f), KOTOPHE HAXOASTCA H3 YCHIOBHM NMPOCTPAHCTBEHHOH PaspemIMMO-
CTH ypaBHEHHH CJIE1YIOLIETO, TPETHEro, NOPsAKa.

3-it MOpPAROK. YpaBHeHust 3TOro MopsAKa nonydawres w3 (6) mpu n=3
¢ yueroM (7.2) ¢ moxcranoBkoi (20). B macrosuieM pasieile BHUYHCIEHHA
OTPaHHYHBAIOTCS TOABKO CJYYa€M CHJbHHX ABHAYIIHX MATHATHHX Honeft
H>1 n onpeneienneM cpeanedt ckopoctn I B 3Toft BbICOKOTMOMEBOH 06-
nacti. [l 9T0r0 JOCTATOMHO OFPAHHYHTBCS H3YUeHHeM YCIOBHI MpocT-
PAHCTBEHHON DA3PEMHMOCTH ypaBHeunit n=3, B ycaoBHA paspemInMoCTH
BKJaJ BHOCSIT, KAK H paHee, JHIIb CHMMETPHYHEIE TIO KOODAMHATE 2 WIEHH,
H YPABHEHHS HMEIOT CJEAyIOUHA Bu:

sy — [He 37
()= [H +7-9.40

Cos 2419 4 — D (1) ]/a; @1.1)

Fyo = {2+

+a? o

: oy 08 200 -

037k
7-9.40

cos 241010 — T sin 40 1-sin 2400 (4 () +

+ 7.

17k2
5.7.9

17

AT (cos 291 cos Y — o sin !9 ﬁz"”) +

=

cos 1|:“”] + k2 sinpl® [
4 725 sin oo (t)] ‘._23 2 cos? O (1) } 1.9

rae oneparop L~ naerca (14).

CrpykTypa aTHX ypapHeHult ra e, yto u (13), (14), HO ¢ uHBIME mpa-
BBIMH YaCTAIMH. YC/I0BHE MEpHOMHYHOCTH BO BpeMenH @ (f) mo-npemuemy
nemeer Bua (16), rae, onnako, B xavectse Qynkuun f(f) Gyaer purypupo-
Barh nmparas uyacTb (21.2). OHO #BJASETCH ypaBHEHHEM JJIs OMpejeleHHs
nons H®. B mpepene H>1, korma cormacuo (9.1) o*=H*/(1+a?), oc-

HOBHOH BKJAajJ B ypaBHEHHE IPOMCXOAHT OT GOJIbUIHX MHOXKHTedeH $©=w*,
TPHUEM COOTBETCTBYIOUHE CjiaraeMble AAIOT CEKYASPHEI pacXoasuiuics
BO BpEMEHH BKJaj, €CAH HX cpelnHe He paBHu Hymo. B (21.2) mmeercs

TOJILKO OJHH uJjieH mojoGHoro Bupa: —ok?(17/3-7-15)sin? \1:(03-1{;‘“) (B ye-

JIOBHH NEPHONUYHOCTH OH Xenutcs Ha Y¥). Dro mossoasier cpasy onpefe-
AHTL MONMPABKY K MO0

He — TR _H
6:7-15 1 4 a2’

(22)

Mocae aroro, mcnosbays (21.1) u npenebperasi MONpaBKOH K MOJIO nep-
soro mopsinka (I17) B chiy ee ManoCTH, MPUXOAHM K CJELYIOUIEMY BHpa-
JKEHHIO 1A cpeiHeil CKOPOCTH HECTALHOHADPHOIO JBHXKEHHs B 00JacTH
CHIIbHBIX RBHXKYUIMX NOMeH

(23)

T ayHA (1 , 1782
e i Vg mamtt ok
I 21-30&‘(1+a‘1)J

rie k=2In2. Takum o6pasom, maxe ciabasi cKpydeHHOCTh e=2A/h>1

OKA3BIBAET BJIHSHHE HA BLICOKOMOJIEBYIO AHHAMHKY ﬂr, TpHBOAS K BO3pa-

cTauni0 noasuxkHOCTH JIT', MOXHO OXKHIATh, 4TO B npezeJse TOJCTHX nJe-
HOK el 37O BJHsITHE MOXeT GhiTh 3HAUHTENLHO CHIbHEE.

4 oMM, 199, Tou 81, B, 1.
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3AKJNIOYEHHE

OcHoBHBIE Pe3y/bTaThl HacTosllell PaGOTHL CBOAATCS K CIeAYIOLIEMY.
Haagune cnaGoit ckpydyennoctw, coriacho (19), paciumpser cramuoHap-
nbllf pexum apwxernst I, Tlonoxenne muHuMyma cpenuedt ckopoctw AT
Kak (DYHKUWH BHeIIHero moJs, cornacho (19), casuraercs B ofaacts Go-
Jlee CHJIbHBIX MOJedl 1o cpaBHenuio ¢ Heckpyuennoii UT. B mpexese Goab-
WHX BHEWIHHX MOJiell HECKOJbKO Bo3pactaeT mnoasmxuocts LI (23), yto
06YCJIOBIIEHO BJHSHHEM HEORHOPOJHOCTH CTPYKTYpl ckpyuennoft AT ua
AHccHnaTHBHHE npouecch B Hell. Junamuka I B paccMOTpeHHOM npH-
GIHKEHHH JOCTATOYHO NPOCTA: OHA COXPAHSET OJHONePHOAHYECKHH Xa-
paktep 2m/w*, Kak M AuHaMuka Heckpyyeunoit /1I'. wamovnnas spama-
TeNbHOE JBHXKeHHE MasATHUKA.

B mpesiese «TOJCTHX» MiehoK e< | munamuka cuapHockpywensiofi AT
KaK yXe OTMEYaJoCh, HOCHT COBeplIeHHO HHOH xapaktep. Ilpesmie :
970 CBA3aHO ¢ o0pa3oBanueM B cTpyktype A ropusonraibhbx 6.10X08-
ckux JuHmi (FBJI). C kauecTBeHHONl TOUKH 3peH:is . T
HX HAJHYHe BBOJHT HOBBIE CTeneHH C8060AB B VP&
KAaK De3yabTar, MPHBOAHT K BO3MOMKHOCTH MORBIEHHS i CMEHM HECKOdb-
KHX TIepHOJIOB B HHAMHUKE.

C ofuiell TOUKH 3PEHHS, MEPHOTHYECKHC PeAHMB IBHMKEHHS HCXOXHBIX
ypapuenn#i (1) ¢ mepuonamu T, $BASIOTCS OTOGPaXKEHHAMH OKPYKHOCTH
B OKpYKHOCTE S'—>St:

Y t+T) =z, H+2an, n=1,2. (24)

BO3MOKHOCTE PEANM3ALME PA3THYHBIN NEPHOIHUCCKIX PEXKIMOB 3aBH-
CHT, KAK H3BECTHO, OT 3HAYEHHSH, KOTOPOe MpHHMZeT 0 Bpaenis
Tyankape p orobpaxenns (24) — cum., manpumep, [11]. Ecau w uppauuo-
HAaJIbHO, TO OTOGpaXKEeHHe HE HMEeT HEMOABHNKHHIX TOYeK, TO €CTh [eDHs-
JIHYECKHX pexuMoB. HampoTHB, NpH DALHOHAJBHBIX p=p/q, TAe p ¥ g -~
B3AHMHO MPOCTHIE LEMbe YHCA, HMEIOTCS TOMbKO HENOJBHMHBIE TOYKH
KDAaTHOCTH §. KapTHHa BO3MOMHEIX TNeEpHOJOB HANOMHHAET «IECTHHIY
IbSBONA> B TEOPHH MPOCTPAHCTBEHHO MOAYJHDOBAHHBIX CTPYkTYp Kak
CJIEAYeT M3 UHCTEHHBX dKchmepuMentoB [l, 2}, mabmopaercs mo MeHbllei
Mepe ABa THNA HEMOJBIKHHIX Touexk (NMEPHONWYECKHX DEXKHMOB IABHNKe-
HHA). 3HaueHMio n=1 COOTBETCTBYeT MeXaHH3M OOPA30BANHA, JBHKEHHS
H «npopuBa» ennnnuHol I'BJI no CionueBcKomy, 3HaueRH0 nz>2— pe-
JKHM OOpasOBaHHS B LEHTpaJbHoi obaactu muenxu mapst IBJI mpotnso-
TIONIOXKHBIX TONOJNOTHYECKHX 3HAKOB [l]. MwvewoTcss Takke M XaoTHYECKHe
PeRHME! ABHKenus [3—5].

PaGora BmmonHena npu wactHuHolt noasepxke PO®UM, rpanr
Ne 95-02-05498a.
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