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BHYTPEHHUE CBA3AHHBIE KOJIEBAHUSA U
SKCIIOHEHIIUAJIBHBIE BOJIHBI ITIEPEHOCA B
IUJINHAPUYECKOM CTEPKHE

3a J10MoMOroro JIiHIKHOT Teopil MPYKHOCTI Ta MOTeHHiaNiB ['eplia BUBYAIOTHCS SKCIIOHCHI[Ia bHI XBUII
MEPEHOCY, IO PO3MOBCIO/KYIOTHCS M0 LMIIHAPUYHOMY CTpHKHIO. [TinTBep/DKEHI Ta yTOUHEHI pe3yibTa-
TH 3aCTOCYBAaHHS KIIACHYHOI Teopil TOHKUX CTPIDKHIB. OTpUMaHi XBUJII IIEPEHOCY iIMITyJIbCY, 0 HE OIH-
CYIOTBCS KJIACHYHOIO TEOPIEI0.

At use of the linear theory of elasticity and Hertz potentials the exponential waves of translation extended on a

cylindrical core are investigated. The results of the use of the classical theory of thin cores are confirmed and
specified. The waves of the impulse transfer which are not described by the classical theory are gained.

Beegenune u nocraHoBka 3agaum. MccienyroTcst HOBbIE aclIEKThl aKTyaJIbHOM
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’ byin1vunpuvuyl Punovo Vi drri4 RVIVYI adaJiv Pulunda eyl
CTaBIIsIET COOON yCTOMYMBHIN BOJHOBOH IAKeT, B KOTOPOM IMPHUCYTCTBYIOT CBA3aH-
Hble OeryIiye BOJIHBI IPYTUX THIOB (COJUTOH, 3KCIIOHEHIIUAJIbHbIC BOJIHBI).
B paborax [1,2], roe uccinemyroTcs CBsA3aHHBIC HEJH-
HelHpIe KoJIeOaHWsI BHHTOBOTO IMITMHIPHYECKOTO CTEPIKHS,
MCTIONBb30BaHa OOBIYHAS I TUHAMUKY CTEPKHEH THIIOTE3a O
paBHOMEpHO# AedopMaIiy MOMEPEYHOro CeYCeHUsI (CMOTpH,
HanpumMep, MoHorpaduio [3]). OqHako Korga npoTsHKEHHOCTb
BOJTHBI CTAHOBUTCSI COM3MEPHMOM C IUAMETPOM CTEPIXKHSI, ITa
N\ runore3a Tpedyer obocHoBaHus. Kpome Toro, 3xech, anpuo-
Pucynok | — Gopma ~ PH, MOTIYT HAOIIOAAaTbCS KOIEOaHMs, CONPOBOXKAAMOLIMECH
TPAeKTOPHH CIIOKHOM (popmoii nedopmanuu ceuenus (puc. 2, 3). U3secr-
BMHTOBOTrO )OHOHA  HBIM aHAJIOTOM JJIS JTHX TIPOIECCOB SBILTIOTCS KOJIEOaHHS
3JIEKTPOMArHUTHOTO TIOJISI BHYTPH TOJIOTO  IMITMHAPHYECKOTO
BostHOBOJA [4]. Takue konebanust ganee OyneM HA3bIBATh 30HAIbHbIMU. B naHHOM
pabore OymeT TOKa3aHO, YTO 30HANBHBIE KONEOaHWS, KaK IPABHIIO, SBISIOTCS
GHYMPEHHUMU KOJ1e0aHUAMU CTEPIKHS, TIOCKOIBKY OHU CBOJISTCS K Iepepacipee-
JICHHUIO SHEPIWH BHYTPH CEYEHUS M HE BIMSAIOT Ha cpenHue (II0 CEYCHUI0) TeoMeT-
pHUUECKHE U CHJIOBBIE XapaKTEPUCTUKH Mpoliecca KoyieOaHui (Takue, Kak JIMHEHHbIe
1 YIJIOBBIE CKOPOCTH, CHJIBI U MOMEHTHI, paccMmarpuBaeMbie B padotax [1-3]). Ho,
KaK OKa3aJoCch, U3 3TOTO MpPaBWIa CYMIECTBYIOT MCKIIOUCHHS, W ITH HCKIIOYCHUS
BaXHBI JIJISI TEOPUH CBS3aHHBIX KoJieOaHwid. UTOOBI MOSCHUTL WX 3HAaYeHHE, 00pa-
TUMCS K pUC. 4, TJie CIUIOLIHBIMH JIMHUSMH N300pakKeHbI PEILICHNs] XapaKTepHCTHYe-
CKOT'O (Ipyroe Ha3BaHWE JWCIIEPCHOHHOTO) YpaBHEHUS AJIsI MOJAEIM BHHTOBOTO
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Pucynoxk 2 — Pagu-
allbHask 30HAJbHAS
nedopMarius ceueHus

Pucynoxk 3 — Cekro-
paibHas 30HAIbHAS
nepopMaIus CeUeHHs

cTepkHs U3 padoTsl [1]. Kaxmoi Touke Ha rpaduiKe COOTBET-
CTBYET HEKOTOpast IPOCTAast BOJIHA BHUJIA

X -exp(i(ot —Az)),

rue X —ee (dbopMa; A — BOTHOBOE YHCIIO; (O — YaCTOTa, MPH-
YeM TOYKaM W3 IIEPBOTO KBaJpaHTa OTBEYAIOT TapMOHHYE-
CKHE BOJIHBI, BTOPOTO KBaJpaHTa — 3aTyXaroIIHe BOJHBI U
TpeTbeFO KBaIlpaHTa — J3KCIIOHCHIIMAJIbHBIC BOJIHBI. FapMOHI/I-
YeCKHE M SKCIIOHCHIIUAJIbHBIC BOJIHEI SBIISSIOTCS BOJHAMU IIe-
peHoca. HakioHHas IyHKTHpHas TpsiMas TepecekaeT 3TU
BETBH B YETHIpPEX TOUYKAX, M COOTBETCTBYIOIIUE STHM TOUYKAM
BOJIHBI, KOTOPBIC HMMEIOT OJMWHAKOBBIC (ha30BBIC CKOPOCTH,
MOTYT ObITh OOBEIUHEHBI B 60JIHOGOU NAKEM.

Envnuna miimHBL OTBEYaeT paanycy KPUBU3HBI CTEPIKHS
R, enuHMIa BpeMEHU — MPOMEXYTKY PacpOCTpaHEHUs! BOJI-
HBI TIONIEPEYHON TehopMAaIIiH TI0 CTEPIKHIO JJTUHBI R .

VY CTOMYMBOCTE BOJHOBOI'O TAKeTa M JUCCHUIIAIUAS €TI0
SHEPTHMH BO MHOTOM OIIPEIENISIETCS] TeMH YCIOBHAMHU, KOTO-
pbic BO3HHKAIOT Ha ()POHTE BOJIHBI, B YaCTHOCTH, TpeOOBa-
HUSIMU K HETPEPBIBHOCTH U I1aIKOCTU AUHAMHYECKUX XapaK-
TEPUCTHK, ¥ 9YeM OOIbIIe BOJH OOBEIUHSIOTCA B IAKeT, TEM
MpoIIe 00ECIeUNTh ATY TIATKOCTb.

A

@

)2

Pucynok 4 — Pemienus aucnepcHoHHOTO ypaBHeHU (GopMbl Aedopmannu cedeHus: 1 — kpy-
YeHHUE; 2 — 0CEBOE CXKATHUE; 3, 4 — MOMEPEUHBIN CIIBUT; 5, 6 — M3THO, B IBYX ILIOCKOCTSIX; )1 —
OTHOCHTE IbHASI KPHBH3HA CTEPIKHS )| | — MHIEKC BHHTOBOTO CTEPXKHS, 3| = R1/R)

B cBsi3u ¢ 3THM ObUIA TIOCTaBJIEHA CIIEAYIOIAs 3a/1a4a; HAWTH SKCIIOHEHIINAIIb-
HBIE BOJHBI IIEPEHOCA, KOTOPBIE HE OMMCHIBAIOTCS MOAENBI0 paboTsl [1], HO Mormm
OBl HCIIONB30BaThCA MpPH OOPa30BaHUHM BONHOBHIX MakeToB. COOTBETCTBYIOIINE
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STHM BOJIHAM TOYKHU Ha pHUC. 4 OTMEUEHBI ITPUX-IYHKTUPOM; KaK BUIHO, OHU pac-
TMIOJIO’KEHBI B 00JIACTH BOJIH MaJIOM MPOTSHKEHHOCTH, T'JIe THIIOTE3a O PABHOMEPHOM
neopMIpOBaHNN CEYEHUSI MOXKET HE BBIIOTHATHCS.

Bri6op matemaTuueckoii Mogeaun. KpyTunbHble U MpooJIbHBIE KOJeOaHUs
NPSIMOT0 CTEPKHS B PaMKax 'MIIOTE3bI O PABHOMEPHOM 1e(hOPMUPOBAHUY CCUCHHUS
OIMCHIBAIOTCS] BOJHOBBIMH YPaBHEHHUSIMH, HMEIOIUMHU ClieAyronue hakTopuzanuu
(puc. 5):

plyy;=0M;/0z pSX, =00,/0z )
u
cy3; M5 =0x,/0z cx3 0y =0x;/0z
OCTaJIbHBIC XapaKTEPUCTHKN U yJacTBYIOT B MONEPEUHbIX (M3rMOHO-CABUTOBBIX) KOJIE-
OaHmAX TpsIMOTro Opyca, MPOUCXOAAMINX B 2-yX MEePHEHANKYISPHBIX TUIOCKOCTSIX:

pS¥ =00, /0z pliy, =0M,/0z+Q,
plyy,=0M,/0z-0Q, pSX,=00,/0z 2
cx, 0, =0x/0z+7, cy,M,=0v,/0z

¢y, M, =0y,/0z Xy 0y =0x,/0z—7,

B ypaBHenusx (1), (2) p oOozHauaer
IUIOTHOCTh Marepuana, S — IJIOMaab cede-
Hus, Iy, I, I5 — ero MOMEHTBI UHEPIUU OTHO-
CHUTEJIbHO COOTBETCTBYIOIIUX OCEH; CX|...CY3
— K03 UIMEHTHl TOAATIUBOCTH CEYCHHMS
MIPH TIOTIEPEYHOM CJIIBUTE, CXKAaTHH, KPYICHHN
WK 13rude; KOHKpeTHbIe (OPMYJIBI IS STHX
K03()(UIMEHTOB B 3aBUCHMOCTH OT (HDOPMBI
CedeHHs MOXKHO Halith B paborax [1, 5].

Jnst cucrem (1), (2) ObuTH cOCTaBICHBI
XapaKTEepPUCTUYECKUE YPABHEHUS, a UX pelle-
HUS (pHc. 6) comocTaBlieHbl C MpPEACTaBIIeH-
HeIMU Ha puc. 4. Oka3zanocs, 4TO €CIU CTep-
JKEHb UMEET KPYTJIOe CeUeHHe paanyca R, To
Pucynok 5 — Ckopoctu emewerus ce-  npy yenopun [AR| >y, ' B TpeTheM KBaJpaHTe
HCHIS TIPAMOTO CTCPIKHA M ICUCTBYIO-  pepjepus  AUCTIEPCUOHHBIX yPABHEHMM ISt

[ B HEM CHIIEI IPSIMOTO ¥ BUHTOBOTO CTEPIKHS IIPAKTHIECKH

COBITIAJIAIOT. DTO O3HAYAET, YTO KPHUBU3HA H

Kpy4eHHEe OCH BUHTOBOTO CTEPIKHS JUIS HCCIIEyEMbIX BOJIH HE HIPAIOT CYIIECTBEH-
HOMW POJIH, ¥ UMH JOITyCTUMO TIpEeHEOpedb.

Jlyist perieHus MocTaBlIeHHON 3a7a4y OBUIN MCIIOJIH30BAaHBI M3BECTHBIE YpaBHE-
HUS JAHEHHOHN Teopuu ympyroctu [4]. 3amumem auddepeHnnanrbHoe ypaBHEHHE
CBOOOIHBIX KOJICOAaHMH AJIsI YNPYTUX CMEUleHWH u(r,¢,z,t) TOYEK IMIMHApPHYE-

CKOTO CTEPIKHS, CUUTAsk MATEPUAJ CTEPIKHS OJHOPOIHBIM M H30TPOITHEIM:
p-0%ii /0t = K -graddivii — G -rotrotii , (1)

rae v, ¢, z — DWIAHAPUIECKHE KOOPIUHATH TOUYKH; ¢ — BpeMst; K — MOIyb 00BeM-
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Horo cxatusi; K =3u/(1-2u)G; G — monyinb cnsura, i — ko3ddunuent [Tyacco-
Ha. l3BecTHO, uTo ypaBHeHue (1) nmeer pemenue Bujia

U= rot;1+gradt//, (2)
npuyeM TOTeHIHANsl W (7, ,z,t) | ;l(r,;o, z,¢) yIOBIIETBOPSIIOT BOJHOBBIM ypaB-
HEHUAM

a,, -0y /or* =divgrady , 3)
al -0*Alort = A[4], (4)

rae A[;IJ = grad divA — rotrot 4 — onepatop Jlannaca; a,, =+/K/p — cxopocts

3ByKa I IPOJOJIBHEIX Kojebanuit; a,,, =+/G/p — cKopocTh 3ByKa ISl IOIEped-
HBIX KOJIeOaHHUH.

Ha BHemHe#l rpaHuie CTEpKHS
[ W (mpu r=R) paccMaTpuBaIMCh CTaH-
JapTHBIE JIJIi MEXaHUKH TBEPIOrO Te-
Jqa YCIOBHS pPaBEHCTBA HYIIO HOP-
MAJIbHOTO JABICHUS M CKAaJBIBAIOIIHX

HaIPsDKEHUMN:
defii +—t—divii=0, (5)
22 1-2p
=—- defii _=0; (6)
defu,, =0; (7

Ha OCH CTEep)KHS BCE HANpPSDKCHUS
JOJDKHBI OBITH OrpaHHYCHBI.

Bce mpeobpasoBanust mpoBoau-
JIMCHh B KPUBOJIMHEWHBIX [HIMHIPUYE-
CKMX KOOpAMHATAX; (QOpPMYyINBl I
KOMITOHEHT TeH30pa Jedopmanu,
3allMCaHHbIX B OTHX KOOPIMHATAX,
TIPUBEIICHEI, HAIIpuUMep, B [6].

PucyHok 6 — Penienust AucnepCHOHHOTO ypaB-
HEHHUS TSI KIIACCUYECKON MOAETH NpsSMOTo
cTepkHs (0003HAYCHUS TE JKe, YTO U Ha puc.4;
npuHATo Ry = 1)

3amerum, yto 3aga4a (4), (6), (7) daxruuecku paccmarpuBaiiach B [4], korga
HCKaJIX OETyIIHe 3JCKTPOMATHUTHBIC BOJHBI BHYTPH JIHMHIPUICCKOTO BOJHOBO/IA.
MBI cMOKeM BOCTIONIE30BAThCS ITOTYICHHBIM TaM pElIeHUEeM, HO HY)KHO Y4EeCTh TPH
OTJINYMS HOBOH 3aJJa4i OT U3BECTHOI:
— pemeHne 0053aHO YIOBICTBOPSATH IOTIOIHUTEIFHOMY yCIOBHIO (5);
— peleHre MOXET UCIOIb30BaTh HE TONBKO BEKTOPHBIM MOTEHITHAT A, Ho 1
CKaJISIPHBIN MTOTCHIIUAI \J;
— B OTJIMYHE OT DJICKTPOMATHUTHOTO TIOJIS, CKAISIPHBIA U BEKTOPHBIH MOTEH-
[HAITBl B YTIPYTOH Cpe/ie MMEIOT Pa3HbIe CKOPOCTH PACIPOCTPAHEHUSI.

OcecuMMeTpUYHbIE BOJIHBI NepeHoca sl noreHuuanoB. Crienys MeToay,
M3JI0KEHHOMY B [4] AJsl BOTHOBOZIOB, Oy/eM MCKaTh pelieHue ypaBHenuid (3) u (4)
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B (hOpMe OCECUMMETPUYHBIX IKCIIOHEHIIMAIBHBIX BOJIH TIEpeHOCca
\V(V,Z,t) = CD(}") 'eXp((Dt _7\’2) u Al Z(I”,Z,l) = ch 2(}") -exp((Dt—kz) ’
rae ot <Az, a aMIUDINTYAHbIE (PyHKIMH BEKTOPHBIX MOTECHIMAIOB MMEIOT CIEAYIO-
LUK BUI:
@,(r)={0,0,I1,(r)}, @,(r)=rot{0,0,IT,(r)} .

Bexropnas ¢ynkmusa {0,0,I1,(r)}-exp(wf —Az), Kak H3BECTHO, B TEOPUH
JJIEKTPOMAarHUTHBIX BOJIH HasbIBaeTcsl Oecyuum nomenyuarom I epya. Kpome Toro,
cilelyst Tpalunuy, 3ayokeHHoH [lupakom, BenmmunHa A < 0 Ha3bIBaeTCsS «ompuya-
MeNbHbLIM 80THOBBIM YUCIOM», & BeTHInHA ® < 0 — «ompuyamenvHou vacmomou.
ITpu TakoM BbIOOpE ITHUX BENWYMH SKCIOHEHIMATIbHAs BOJIHA JBIKETCSI CO CKOPO-
CTBIO V = (/A B MTOJIO)KUTEIILHOM HAIPaBJICHUU OCH Z U OYEHb OBICTPO (C IKCIIOHEH-
[IMAJTBHOW CKOPOCTBIO) 3aTyXaeT o cBoel JummHe. J[upak, cO3/aBIIHii BOJHOBYIO
MOJIETIb 3JIEKTPOHA, B MOCIIEIHIE TOBI XKHU3HU MpeAarail UCIOIb30BaTh 3KCIIOHECH-
L[abHbIE BOJHBI U «OTPHLATEIbHBIE YaCTOThD AJSI OIMMCAHUSA SAEP ABIKYIIUXCS
9JIEMEHTApHBIX YaCTHII, HO JIOBECTH 33 lyMaHHOE JI0 JIOTHYECKOTO KOHIIA HE YCIIeI.

Toraa Bemmunnsl A2 > 0, o” > 0, a ynxuun O(r), I, 5(7) mOIMXKHBI yIOBIETBO-
pATH ypaBHeHHsIM beccens HyneBoro mopsiika

" ' 2 2 2 _ " ! 2 2 2 _
O"+@/r+(A -0 /a, )®=0, I}, +I1,/r+ (A" -0 /a,, )1, , =0,

¥, C Y4ETOM OrPAHUYEHHOCTH STUX GYHKIHHA npu 7 = 0, TIOTy4aeM, uTo
Hl,z(r) = Jo(Blr) , O(r)= Jo(Bzr) 5

rne Bl = V}\’z _wz/anzan > BZ = \/}\’2 _mz/ar; :

OTO 03HAYaAET, YTO CMEIICHHUE B BOJIHE MIEPEHOCA OIHCHIBAaeTCs (OpMyIIon
il =il +1ii, +ii, = C, -1ot 4 + C, -rot A, + C; - grady , 10 ecTh
u=[C{0;B,J,(B,r); 0t —C, 1B, J, (Blr);OQBfJo(Blr)}_C3 {B,/,B,r); 017, (Bzr)}]eW7Az , (8)
rane Cy, C), C; — HEKOTOphIe KOHCTAHTHI, BEIOOP KOTOPHIX TOJYNHEH yIOBIETBOPE-

HUIO TPAaHUYHBIX ycinoBuil (5), (6), (7).
AHaIlN3 3TUX YCIOBHI ITOKAa3bIBACT, YTO BOJNHA i, M CyMMa BONH i, +1, B

[UJIMHIPUYECKOM CTep)KHE He CBA3aHBI MEXIy COOOH, M MOTYT pacHpOCTPaHATHCS
OTJeNbHO. B pe3ynbraTe Mbl MPUXOJUM K YaCTHBIM CIIydasiM, aHaIU3UPYEMBIM B
CIEIYIOUIMX JBYX IYHKTaX.

Bpauenusi nonepeyHoro ceyeHusi crep:kHs. st BOJIHBI
u, ={0; B,J,(B,r); 0} e
ycnous (5), (6) He akTyalbHBI, a yciaoBue (7) mocie yueTa TOKIeCTBA
JIBrIB =S Bir)/ r==BJ,(Br)
npusoaut k ypasuennto J,(B,R) =0, 1o ectp
A -’ /a,, =V, /R,
TJe V,; — j-Thli KopeHb Gynkuuu beccens Jo(x).

[pu ycnosuu j = 0 umeeM BeIpoXAeHHBIN caydai B; = 0 u I1(r) = 1, xoTopsIit
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COOTBETCTBYET PABHOMEPHOMY BpAIEHUIO CEUYEHHS] BOKPYI €r0 OCH, OMHUCBHIBAEMO-
My KJacCHYeCKON MoJenbto cTepxHs. Ha puc. 7 sToMy BpalleHHIO COOTBETCTBYET
mpsiMasi TUHASA, TIPOXOASIIas depe3 Hadaino koopawHaT. Ilpum j = 1 momyuaem mpo-
cTeliliee 30HAJIFHOE BpPAICHNE CTEP)KHS, COOTBETCTBYIOIIEE pUC. 2; HAa pUC. 7 eMy
OTBeYaeT cMelleHHast mpsimas JuHus. Ecou j> 0, TO 4uclo «KOJel, UMEIOIINX
pa3HOE HAIpaBJIICHUE BPAIICHUS, CTAHOBUTCS OOJBIIUM JIBYX (OHO paBHseTCs j + 1).
XapakTepHbIM  SIBIISIETCS

(ico)2 TO, YTO B CHIIy U3BECTHOIO TO-

L2, j _
0, IR 0, /R 0}, /R AKIlECTBa J.o J(r)rdr =0

g mo00e 30HAIFHOE BpalleHUEe
(fA)"  uMeer MOMEHT KOIMYECTBa
< < N JIBIDKEHUS, paBHBIA 0, TO ecTh

j=2 j=1 Jj=0 COOTBETCTBYIOIEE ~ KoNeOaHue

PucyHok 7 — Perenust qucriepcuoHHoro ypapuernst  CTCPIKHA ABJACTCA BHYTPCHHUM

Juist paBHOMepHOTO (7 = 0) 1 30HaNBHOTO (f > 0) Bpa- U HCIOJIB30BaThCA NPH 00pas3o-

LCHHUSI CCUCHHUSI CTEPIKHSI BaHUM BOJIHOBOIO IIAKETa HE

Mmoxer. HesaBucumoe o00oOCHO-

BaHME ATOro (hakTa MOKHO HAWTH B 0OIIEH TEOPUH COOTBETCTBYIOIICH KpaeBou 3a-

Jladd, W3JI0XKCHHOW, Hampumep, B [4]: GopMbl KoncOaHUM, OTBEUAIONIME pPa3HBIM

COOCTBEHHBIM YacCTOTaM, OPTOTOHAJIbHBI, U TOCKOJIBKY Cpelu 3THX (opMm coxep-

JKUTCS paBHOMEPHOE BpAIICHHE, TO I OCTANBHBIX (OPM CpemHee MO CEYCHHUIO
BpalleHne 00s13aH0 paBHATHCS 0.

IIponoabHbIe 0OcecuMMeTpUYHbIE Ae)OPMALIUU CTEePAKHSA. [[11 BOIHBI
- — . . 2 Az—
Uy +iiy =—{CABJ (Br)+CiB,J,(Byr); 05 CoB1J (Byr)+ CAJ (Byr)ye™ ™
ycrmosue (7) He SIBISIETCS aKTyallbHBIM, a BBIIOJMHEHHE ycioBuil (5), (6) skBuBa-
JIEHTHO CJIEIyIOLIEH OAHOPOJHON CUCTEME YPaBHEHUI:

(—ABLJ(BR)) C, + (—B3J (B, R) + a,, - (w/(1=21))J, (B,R))C, = 0;
(7‘2 +B12 B BR)-C,+20B,J,(B,R)-C; =0,
KOTOpasi UMCCT HETPHUBHUAJIBHBIC PCHICHUS B CIIy4a€ PABCHCTBA HYJIIO €€ ONPCACIIN-
TCIIA:

MBJBR) BB R) +a,, - (n/(1-20))J, (B,R)
(A" +B)J,(BiR) 20B,J1 (B, R)

rie, Kak u panee, B, = A’ -’ /a,, , B, = A -0’ /a,, .

3ameTuM, 4TO ompenenuTeNb (9) ocTaeTCs BEIIECTBEHHBIM M B TEX CIydasX,
Korzaa uncio 3; uim 06a uncina Py, CTaHOBSITCS MHUMBIMH; TIPH 3TOM B OIpE/ICNINTE-
JIe UCTIONB3YIOTCS GyHKIUU beccens ¢ MHUMBIM apryMeHTOM, a B pemeHnn (8) —
moauduipoBanHbie pyHKIMU beccerst.

VYpasuenue (9) pemanoch YKCIEHHO, VIS Y€ro 4actora o (UKCHpOBaJach Ha
MIOCTOSTHHOM YPOBHE ® = (), @ BOJHOBOE YHCIIO A BapbUPOBAJIOCH. Pemenus moka-
3aHbl Ha puc. 8. OKa3anoch, 9YTO YacTh 3TUX PEIICHUH OJHM3KU K TeM, KOTOPBIE I10-
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Jy4arTcs B paMKax KJIacCHUECKOH MOJENN CTEP)KHS, a IMEHHO IPH MaJIbIX BOJIHO-
BBIX 4ncaax A (yuactok 1' Ha KkpuBOW 1) OHHM MPAKTUYECKU TOYHO JIOKATCS Ha Ha-
KIOHHYIO HpsMyio ®° =A”- (E/p), OTBEUAIONIYI0 PABHOMEPHOH MPOMOIBHOM e-
¢dopmaruu crepxkus, tae E= G -2 -(1 + u) — moayns ynpyroctu crepxHs. Ho s
KOPOTKHMX BOJIH HAaKJIOH KpHBOii 1 ompeznensiercst He MoayneM £, a moayneM K 00b-
€MHOTO CXKaTusl.

B 00nacTi KOPOTKHX IKCHOHEHIMAIBHBIX BOJH KpOMe HaKJIOHHOHM JIMHUHU MOSB-
JISHOTCST BETBH THIIEPOOITBI ¢ aCHMITTOTOM o0° = A? + (E/p) 1 apyrue petrerns (puc. 8).

(io)’

Pucynok § — Pemenus qucnepcHOHHOTO ypaBHEHHUS UTA paBHOMEpHOH (ydacTok 1' kpuBoii 1)

1 HEpaBHOMEPHOH NponoabHON fedopmarnyu crepkHs. [TyHKkTHpHAS mpsimMast 2 coeauHsIeT
TOYKH Tepernda rpauKkoB U yAOBICTBOPSET YPaBHEHUIO o’ = anzon A2

CexTopajbHbIe BOJIHBI IEpeHoca 1151 noTeHnuanoB. [1ycts dyakuun O(r),
I1, »(7) ynoBieTBOpsIIOT ypaBHEeHUsIM beccens m-ro mopsiaka

D"+ /r+ (A - /ajp -m’ /1 r)d=0,
07, +10,, /r+(\* =0’ /a,,, —m* /)1, =0,
rae m — nenoe nosoxutensHoe yucno. Torga I »(7) = J.(Bi7), ©F) = Ju(B2r), 1
BBIPAKCHUS
y(r,,z,t) =D(r)-exp(wt —Az+imo), 171]’2(r,z,t) = &)LZ (7)-exp(wt—Az+imo), (10)

rae @,(r)={0,0,I1,(r)}, ®,(r)=rot{0,0,I1,(r)}, Taxke ABIAIOTCS CKaJp-
HBIMH ¥ BEKTOPHBIMHU TIOTCHIIMAIAMH JIJIsI ICKOMOM BOJIHBI IIEPEHOCA.

[ensiM HaIero MCCICIOBAHUS MOXKET OTBEYATh TOJNBKO Ciy4aid m = 1, KOTO-
pHIiA, HampUMep, COOTBETCTBYET IMOBOPOTY CEYCHUS BOKPYT €ro TUAMETpa; IMpH
m > 2 KoyeOaHusl CTEPIKHS MO TOHATHBIM [IPUYUHAM OKaXYTCSl BHYTPCHHUMHU.

BoJsiHbI MONIEpeYHOT0 CABUTA ceveHus. J[JIs cokpaleHus 3amuceii naiee 0y-
JIEM CYHTaTh, YTO PaIUyC MOMEpedHOro ceueHus R = 1. Yurem, 4T0 KaxxaoMy U3
KOMILIEKCHBIX TToTeHImanoB (10) oTBedaeT mapa BelIeCTBEHHBIX MOTEHIMATIOB, Ha-
npumep,
y(r,¢,z,t) =D(r)-exp(owt —Az)-cos ¢ U Y(r,p,z,t)=D(r)-exp(wt—Az)-sin@,
a IS BeIONTHEHHs ycinoBuil (5)-(7) Heo6xoanMo, yTOOB! Kax/1as KOMIIOHEHTa OIS
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CMEILEHUH i comepxkana TONbKO OJHY TPUTOHOMETPHYECKYIO (DYHKIIMIO, YTO Ha-
KJIaJpIBaeT OTPaHMYCHNUS Ha BHIOOp MOTEeHINAI0B. I1oaToMy, HE ymMaisist 0OIIHOCTH,
o0OpaszyeM cymmy
i = Cu, + Cyu, + Cii,
CIIEIYIOIUX TPEX BOJIH EepeHoca:
i) = 10t{0;0;J; (Byr)sin @- €7} = {(J; (Byr) / r) cos @3 =B, J{ (Byr) sin g3 0}e™

ii, = rot rot{0;0;.J, (B,r) cos - ™} =
= {(-MByJ{(Byr)) cos @ A(J, (Byr) / ) sin ; Br T (Byr) cos e ™
wf—Az

)

iy =grad(J;(B,r)cose-e

B2 (Byr) cos i ~(Jy (Byr) /1) sin @i 1J, (Byr) cos @le™ .
B manHOM cimyuae rpaHudHbIe ycaoBUs (5)-(7) CBS3BIBAIOT TPH BOJHEI, U BBI-
HIOJIHEHHE 3TUX YCJIOBHH BO3MOXKHO IIPH PAaBEHCTBE HYJIO COOTBETCTBYIOIIETO OIl-
pEIeNUTeNsl CHCTEMBI:

-7, (8,) 2B, J1B) B %”(Bz)v“%w—le(Bz)
- l"lanp
A @) =det|  AJB)/B (A +B)B) 2B, JI(B,) ~0.(11)
BJ(B)-2LB) 20,8, 28, J,(B,)

VYpaBrenne (11) pemanocsk TeM e crocodom, uTo u ypaBHeHne (9). Okaza-
J0Ch, YTO €r0 KOPHH 00pa3yroT CeTKY M3 CMEILEHHBIX BIEBO JIMHHUH, IOKA3aHHbBIX HA
puc. 9. Hakion 5TuxX THHMH GIH30K K HAKIOHY acMMITOTHI o =A% (G/p), coot-
BETCTBYIOIIEH KOJICOAHUSAM CTEp)KHS ITPHU YUCTOM CIBHIE, a BEJIMYMHA CMELICHUS B
OCHOBHOM OTIPEIENIACTCS PACIOIOKEHHEM KOpHeH ypaBHeHHS J'%(x) =0, HO, Kak u
HAKJIOH, KOPPEKTUPYETCSl B 3aBUCUMOCTH OT BeMM4YMHBI Kodd¢uuuenta Ilyaccona.
HawuGonpimmii uHTEpec Aj1s 1enell Halero UCcieI0BaHus MPEICTABIISET TIepBast JIH-
HUSI 9TOTO CeMeHCTBa, ONpe/ersieMasi paBEHCTBOM:

2 2 2
@ =(A"=15)(G/ p)A+u/3), (12)
rae AyR =-2,65-0,5 . AHanu3 cOOTBETCTBYIOIMX AehopMaluii oKa3all, HEHTP
CEUYEHHs CMeIaeTCsl 110 HaIPaBICHHUIO TOJISIPHOTO yria ¢ = 0 Ha BEJIMYHHY
u, =0,5(C,-C,A)p,+0,5C, 5,
a cpeHee CMEIIeHHEe TOUYEK CEYSHHUS B 9TOM HaIpaBJICHUH IPONOPLUOHAIBHO HHTE-
rpaiy

i ” ﬁ(r,(p,z,t)~{cos¢),—sin(p,0} rdrdp =

7 rel0,1hpel0,27]
= j[(cl =G (Br)+ B (B +C(J(Byr) + By, (Bor))dr , 1o ecTh

Uy, =(C =G (B)+CJ (), (13)
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rae xoddduimenTs! C),; MOIy9IeHBl IPH PELMICHUN OJHOPOJHONH CHCTEMBI C Ompe-
nenuteneM (11). Kak crenyer u3 aHanmmsa 3toro perrenus, cymma (13) umeer Tot
)K€ 3HAK, YTO U Uy, M YKa3aHHBIH CABUT 00JIa1aeT HEHYJIEBBIM UMITYJILCOM.

(i (o)zn

A\ 4

S

@

PucyHok 9 — PelieHus 1MCnepCHOHHOTO ypaBHEHUS 11 cityyast m = 1.
Kpussie 1, 2 0TBe4atoT paBHOMEPHOI HU3rHOHO-CABUTOBOH Aedopmanuu (1 — mpeuMyIecT-
BEHHOT0 M3ru0a, 2 — MPEeHMYIIECTBEHHO MONEPEYHOT0 CABUTA); IpsiMasi 3 — HepaBHOMEPHOH
JeopMaIiy CIBUTA.

Kpome nmmysnbca sta gedopmariist 001agaeT He3HAYUTETLHBIM MOMEHTOM KO-
JMYecTBa JBIDKCHUSI CEYEHHS BOKDPYI OCH ¢ = 7/2; yKa3aHHas BEJMYMHA IPOIIOp-
LIMOHAJbHA UHTErpaiy

[ €82 (B~ Cad, (B cos® pdrdp =

re[0,1],9€[0,27]
z[C,BJ,(B)— CAT,(B,) ] B,)]-

OpnHako KosxeOaHus U3THOAOIero MOMEHTa B IIMIMHIPHUYECKOM CTEPXKHE IPH
GONBIIMX YACTOTAX OTBEUAIOT YCIO0BMIO o = A’ (E/p), M MOCKONBKY Moayns E B
2(1 + u) pa3a 6omxpuie Moxynst G, TO CTAHOBUTCS SICHO, UTO BIIMSIHUE KadaHUs cede-
HUS Ha (a30BYIO CKOpPOCTh AaHHO# BomHbl Mano (u/(6(1+ 1)) =0,05), u aroi

dopmoii nedhopmanuu 37ech AOMYyCTUMO mpeHedpedb. CienoBaTenabHO, UCCemye-
MbI€ BOJIHBI OIMTHCHIBAIOT Je(hOPMAIIUK HEPABHOMEPHOI'O TOIIEPEYHOTO CIBUra ceve-
HUSL.

®opmMa HepaBHOMepHOIl JedopManuM ceyeHUs /ISl YACTHOrO cJydas.
PaccmoTpuM BHHTOBOIl CcTep)keHb, MMEIOUIMH Madyl0 OTHOCHTEIBbHYIO KPHUBH3HY;
IyCTh, HANpUMep, ero HueKc x; = 10. B BONHOBOM MakeTe BHHTOBOTrO (POHOHA
00s13aHa cozepKaThCs AIMHHAS TapMOHHYECKAs BOJHA, MOATOMY IYHKTHPHAS JIH-
HUS Ha puc. 4 OKa3bIBaeTcsl ONM3Ka K KacaTelbHOM, TPOBEACHHOM K HUKHEH BETBU
JUCIIEPCUOHHOTO YpaBHEHUS B Hayajle KOOpPAMHAT. DTO O3HA4yaeT, YTO CKOpPOCTh
(hOHOHA V COCTaBILIET MAILYIO IOTI0 CKOPOCTH Qpop!

V= (Xl / V1+l"l)amm ~ O’OSanon >
a Uil TapaMeTpOB BOJHBI HEPABHOMEPHOTO IOMEPEYHOTO CIBUTA C yUETOM
(12) BBIMONHAIOTCS CIEAYIOMINE COOTHOIICHUS

o’ <<a, A, B, x—hx-h,. (14)

non

Hannume Takux COOTHOLICHMI yopomaeT aHajlu3 MOJYYCHHOI'O pCIICHUS. B
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YaCTHOCTH, UMEET MECTO 3aBUCUMOCTh
U, = (2J, (o) Xg)uy = (1/3)u, .

Ha puc. 10 mpuBeneHs! rpaMKy MMOMEPEYHOrO CIBUTA U TOYEK CEYECHHS.
CMerieHne TO9eK COOTBETCTBYET IIOKa3aHHOMY Ha pHC. 3.

RSNk
0.5 ><\
47 s T —
05
A A I
02 04 0.6 08 IR

Pucynok 10 — BenmurHa rmonepeyHoro cBHra Julsi TOUYEK CCUCHUSI CTePIKHS:
KpuBas | oTBewaeT 3HaueHUIo yriaa ¢ = 0°, kpuBas 2 — ¢ = +30°,
KkpuBast 3 — ¢ = £45°, kpuBas 4 — ¢ = £60°, kpuBasg 5 — ¢ = £90°

BeiBoabI.

IIpu Mcronb30BaHUM TPEXMEPHOM MOJENN JIMHEHHOM TEOpUHU YIPYIOCTH pe-
IIeHa 3aj7]a4a O PacHpOCTPAaHEHHH AKCIIOHEHIIMAIBHBIX BOJIH IEpPEeHOca MO IUIHH/A-
pUUYECKOMY CTEpIKHIO. PeleHust MCIonb3yloT Oeryiie CKajIspHbIE M BEKTOpPHBIC
MOTEHINAJbI, B TOM 4HCIIe NOTeHIHaibl [ 'epra, cBI3aHHbIE TPAHUYHBIMH yCIIOBHS-
MU Ha OOKOBOM IIOBEPXHOCTH CTEPIKHSL.

[Nony4eHHbIE penIeHus TIOATBEPANIIHN, a B CIIy4ae KOPOTKUX BOJIH — YTOYHMUIIH,
pe3yibTaThl MPUMEHEHMs JUIs 3TOM K€ 3a/aud KIACCHYECKOH TEOpHH TOHKHX
CTEp>KHEH, HCTIONIB3YIOLIEH THIIOTE3Y O PAaBHOMEPHOM Ae(hOPMHUPOBAHNH CEUCHHUS.

Kpome u3BeCTHBIX pelIeHuH MoTy4eHb! BOJIHBI IEpeHoca UMITyJIbca (Monepey-
HOTO HEPaBHOMEPHOTI'O CABHI'A CEYCHUS ), HE OMICHIBAEMbIE KJIACCHUECKOI Teopuei.
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