PACUYET CEVNCMOI'PAMM IIJISI
IIJIOCKOM OIHOPOIHOM 3EMJIN

II. B. IIEPEr'YIOB

AHHOTAUUMSA. Paccmarpusaercs nmpobiieMa BBIUKUCIIEHUS] CEICMOIPAMM B OIHOPOLOHOM IIO-
JIyIPOCTPAHCTBE IS ICTOYHUKA C IIPOU3BOJILHBIM TEH30POM CEACMUYECKOrOo MOMeHTa. Pe-
3yJbTAT BBIPAXKAETCs depe3 9JUINIITUYEeCKre WHTerpasbl. [IpuBeneHbl mpuMephbl pacyeTa
celicMOT'PaMM [JIs PA3HBIX UCTOYHUKOB IO PA3HBIM HaIPaBJICHUSIM.

BBEIOEHUE

[Ipenyaraemasl CTaThsl ABIAETCS MPONOJIKEHHEM PabOTHI [1], B KOTOPOW meTabHO
paccMOTpeHO perieHue nByMepHon 3anadu JIsmba. Tam xe mpuBeneH o630p IuTEpPATY-
pet [2]—[10] (#e TOIBKO IO ABYMEPHBIM, HO U IO TPEXMEDHBIM 3aa9aM [IJIs OLHOPOIHO-
IO HOJIYIIPOCTPAHCTBA), KOTOPBIA MBI 37IeCh He OymeM moBTOpsATh. Hacrosias paGora
“Onmxke” K peasbHOCTU TeM, UTO UCCIIEAYeTCs TPEXMEPHBIN CIydall, K TOMY e HCTOY-
HUK BBIOMPAETCs BHOTHE (U3MIECKIM U COOTBETCTBYET COBPEMEHHBIM ITPENCTABIICHUSIM
0 MeXaHU3Me TEKTOHMYECKOrO 3emjeTpsiceHus. HekoTopble cBemeHUs O CERCMUYIECKOM
UCTOYHUKE TIPUBENEHBI B IPUJIOKEHNN K CTATHE.

OTMmeTuMm cpa3y ke OCOOEHHOCTU TpemIaraeMoil paboOThI IO CPaBHEHUIO ¢ paboTa-
mu [2]—[10]. Bo-nepBbix, B npemyiaraemMoil paboTe paccMaTPUBAETCSI MCTOUHUK, PACIIO-
JIOXKEHHBII BHYTPU IMOJIYyIPOCTPAHCTBA, TOTOA KaK B MPEObLIyIINX paboTax paccMaT-
pUBaJICS MCTOYHUK B BUME BHEITHEN CUJIbI, IPUJIOKEHHON K ITOBEPXHOCTU. BO-BTOPHIX,
B mIpenjiaraeMoil paboTe paccMaTpUBAETCS MCTOYHUK-TEH30D MOMEHTA, Yero paHee He
menanock. B-Tperbux, B mpemiaraeMon paboTe MOIPOOHO HMCCIENOBAHBI OCOOEHHOCTHU
STAJIOHHBIX MHTerpasoB (paxTuueckun — GyHKIUM ['prHA), COOTBETCTBYIOIINE PA3IINY-
HBIM BOJIHAM. OTO HUCCJIENOBAHUE OCHOBAHO HA CIEIUAJILHON 3aMeHEe MePeMEeHHBIX IIPU
MHTETPUPOBAHUN IO TOPU3OHTAIIBHON MEIJIEHHOCTH, IPU 3TOM OKA3bIBAETCS, UTO BCE
KOMITOHEHTBI (pyHKuuu ['puHa i1 3arayGIIeHHOTO NCTOYHUKA (A He TOJIBKO KOMIIOHEH-
Tol MyHKIuu ['pruHa 01 HICTOUHUKA HA MOBEPXHOCTHU, KaK MOKA3aHO B [9]) BbIpaxkaroTCs
Jepe3 SIIIUITUYIEeCKNEe WHTETPAJIBL.

IIOCTAHOBKA 3AIAYN

[Tpocreiimeit Momenbio 3eMin SIBISETCSI OMHOPOMHOE M30TPOIHOE YIPYTOe MOJIyIIPO-
cTpaHcTBO. HampaBum oCcbh 2 meKapTOBOW CUCTEMBI KOOPOWHAT BHYTPBb HOJIYIPOCTPAH-
CTBa, & OCU & U Y — MAPAJUIeIILHO rpanuie (cM. puc. 1). YpaBHEHUs TeOpUN YIPYTrOCTH
UMEIT BUII

Py = €1 0;01uy + fi,
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rze p — INIOTHOCTB, U; — BEKTOP CMELLEHUs, Cijkl = Ai;j O+ (0ikdj1+0i10;5) — TeH30D
I'yka. IlimoTHOCTH BHEITHUX cUl f; BHIOGEPEM B BUME CEICMUYECKOIO MCTOUHUKA-TEH30Pa
MOMEHTA,

0
/
fit,r) = — z‘k(t)a—rkfs(r —r),
rme r’ — MeCTO paclosiokeHus WCTOYHUKA. (Bosee merampHOE OOCYXKIEHWE CEMCMU-

YEeCKOr0 MCTOYHUKA CMOTDH B IPWIOKEHUN “3aMedanue o0 CECMUYECKOM UCTOYHUKE”.)
o semmerpsicenust (npu ¢t < ) TEH30p CEMCMUYECKOTO MOMEHTA DAaBEH HYIIIO, & IO-
Clle 3eMJIeTPSICeHNsT — HEKOTOPOI MOCTOSHHOM BeIMYnHe, Tak 4TO m3MmeHeHue M,y (t)
MPOMCXOOUT B Te€YEHHE KOPOTKOrO MPOMEXyTKa BpeMenu BOmmsu ¢ = 0 (cM. puc. 2).
s ynpomtenust ¢opMysI BEIOEpeM HadajIO0 KOOPOWHAT B MCTOYHUKE, TJIyOMHY KOTOPO-
ro oboznauuM uepe3 h. ['panuiry mosympocTpaHcTBa OymeM cUUTaTb CBOOOMHOW OT
HaATIPSIKEHU
Uiz(t7 T, Y, _h> = 07

roe 0;j = CijrO0kw. Ilpenmomaraercss Takxke, 9TO B HAYAJLHBEI MOMEHT CpPeIa HAXO-
nunack B paHoBecun u nokomrnach u;(0,r) = 0, 4;(0,r) = 0. Tpebyercst BHIYMCINTH
ceficMOrpaMMy, TO €CTh 3aBUCUMOCTH OT BPEMEHHU CMEIEHUs B 3a0aHHON (IPOU3BOIIb-
HOIT) TOYKE TIOBEPXHOCTH.

B M
h
T
A Y
z t
Puc. 1. K nocranoBke 3amaun Puc. 2. XapakTepHas 3aBUCHMOCTBH TEH30pPa

CEeNCMUYECKOr0O MOMEHTA OT BpeMeHUu

CobepeM Bce IPEIONOKEHNST BMECTE, HO CIEPBa BBENEM CKOPOCTH IIPONOJIBHBIX I
MOMEPEYHBIX BOJIH vﬁ = (A+2u)/p, v1 = p/p, a Takxke MX OTHOLIEHHE Y = U||/VL 1
HOBOE BpeMs T = v t. Cucrema ypaBHEHWI, HAYAILHEIX U TPAHNYHEIX YCJIOBUE TPUMET
BUI

Vi = (72 — 1)0;0ju; + afuz- — M%(T)(’?ké(r),

<1> uz<07 I‘) = 07 u’b(O? I') = 07
O-iz(Tu x,Y, _h> = 0.

CrnemaeM HECKOIBKO 3aMeYaHUI IO IOCTAHOBKe 3a7a4un. B cuiy nuHeHOCTH ypaBHe-
HUII pelleHne UMeeT CIIEeMYIOIINN OO BULL

(2) ui(T,X) = /OT ds wijk (T — 5,%)Mk(s).

Onuako meromom Kambsipa, KOTOPBI MBI IIPUMEHUM [JISI TIOCTPOEHUS PEIIeHUs, eCTe-
CTBEHHO OIPENeIAITCa He KO3P@UIIMEHTEL U;jk, & HeKOTophle GyHKIuH I'; 5, Takue 4To



Lijk = Wijg. YOOOHO BLIMOIHUTHL B dopMmyse (2) OBYKPATHOE MHTEIPUPOBAHUE IO Ta-
CTSM, YUUTBHIBAs, YTO BHEMHTEIDAJIbHBIE UJIEHBI BBIMANAIOT (HA HUXKHEM IIperesie 5TO
obecreamBaeTCs TEH30POM CEMCMIIECKOTO MOMEHTa, a Ha BepxXHeM — KoddhdumeHTaMmn
U;jk, KOTOPBEIE COOTBETCTBYIOT 3AIIa3IbIBAIOIIEMY PEIIEHMNIO )

(3) ui (T, %) = /OT dsTijr (T — 8,%x) Mx(s).

OxaspiBaeTcst, 9TO Haxke KO3(hOUIIMEHTHI Lk (He roBOpsI yK 00 Uz‘jk) uMeeT IOBOJIBHO
CHJIbHBIE OCOOEHHOCTHU (camasl CUIbHAs, TOpsaKa InT — Ha (pOHTEe S-BOJIHBI, CIELy-
IOITEN 3a TOJIOBHOW BOJTHOW, 0O0Jlee TOOpoOHOe OOCYyXIOeHWe CMOTPH HUXKE B pasmese
“Ocobennoctn nuterpaiio”). I[lockonbky pelienne GymeT TOLYYEHO B BUIE WHTETPa-
J1a, KOTOprfI npennosjiara€TCda BbIYUC/IATE YUCJIEHHO, HY2KHO II0 BO3MOXKHOCTU n30eraTh
6ECKOHEUHOCTEl. DTOr0 MOXKHO NOOGUTHCS, €Ille pa3 IPOUHTErpupoBas B dhopmyiie (3) mo
JacTsIM

ui (7, %) :/ ds Giji(T — S,X)Mjk(8>.
0

Oyxumum G, yXKe HeIIPePBIBHBI, OMHAKO HYXKHO HaKJIaIbIBATh HOMOTHUTEIBHOE yCIIO-
Bue G, (7,x) = 0 mpu 7 < 0 01 NCIE3HOBEHNsT BHENHTEIPAJIBHBIX IEHOB.

B cuny cumMeTpuu cpenbl a3smMyTaIbHAS 3aBUCUMOCTD CMEIIEHNUSI UMeeT OYeHb IIPO-
CTOUN BUI U ONpeneIseTcs TPaHCHOPMAIIMOHHBIMUA CBONCTBAMHU TEH30pa CEMCMUYECKOTO
MomeHTa. [losToMy (akTwueckm BBIUMCIIEHUE CECMOTrDAMM ISl 3aJaHHOTO TOPU30OH-
TaJILHOTO PACCTOSIHUS IO MCTOYHUKA U HTPOU3BOJILHOTO a3MMyTa CBOLWTCS K BBIUHUCIIE-
HUIO KOX(P(PUIMEHTOB Pa3JIOKEHUSI CMEIIEeHUSI II0 KOMIIOHEHTAM TeH30pa MOMEHTA IIJIst
KaKOr0-TO OMHOTO (yIOGHOIrO) a3mMyTa.

HeTpynHo ompenenuTs KOIUYIECTBO He3aBUCHMBIX Koaddurmentos. Pymxmum G,
OYEBUIHO, TIPENCTABIISIIOT cOO0ON TEH30p TpeThero panra. MMeercs Bcero mBa BeKTOpa,
U3 KOTOPBIX €r0 MOXKHO IIOCTPOUTBH: 3TO BEKTOP HOpPMaJld K TpaHWUIle N U BEKTOP T,
HaIpaBJICHHBII U3 UCTOYHUKA B TOUKY HAOIIOMNEHUsI. B HaleM pacrmopsKeHUU MMeeTCsI
TaKXKe eNUHNYIHBIA TEeH30p 0;;. B cuily cuMMeTpH: TeH30pa CeHCMUYEeCKOro MOMEHTA
TeH30p (jj, MOXKHO CUNTATh CHMMETPHYHBIM IO ABYM IOCaeqHUM mHIeKcaM. Oxa3bl-
BaeTCsA, YTO MOXKHO COCTaBUTH 10 KOMOMHAIWNIA C yKa3aHHBIMU CBOWCTBAaMM, 3TO 730k,
ni(Sjk, rj6ik+rk(5ij, njéik—knkéij, TiT Tk, NN NE, N7 TE, ri(njrk+nkrj), ni(njrk+nkrj),
r;n;ng. Kpome TOro, mmeercs oCTATOYHAs CUMMETPHS IO OTHOIICHWIO K BPAIIICHUIO
BOKDYT OCH z. DTa CUMMETPHUs HAeT BO3MOXKHOCTH COKPATHUTH UKUCIIO HE3aBUCUMBIX KO-
sdpdurnmentos mo nesATu. lleficTBuTensHO, cBepTKa (j; €CTh JIMHEHHas KOMOMHAIIWS
BEKTOpPOB N u r. BribpaB cucTeMy KOOPOMHAT TaK, YTOOBI TOUKA HAOGIOMEHUS JIeXKasia
Ha ocn Y, nomydnM G5 = 0, TO eCThb JIMHEHHOEe COOTHOIIEHNE MKy KOdhuImeHTaMn.

B nmanpretimiem 6ymmeM BBIYUCIATH KOX(POUIIMEHTHI UMEHHO IJIsI CJIydasl, KOTOa TOYKa
HaOIIONEHNST PACIOIOXKEHA HA OCU Y. KCaIu MBI XOTUM BBIYUCIIUTH CeiCMOTPaMMy He Ha
oc: Y, a MO0 KaKOMy-TO IPYTOMY a3UMyTy, TO BBIUHNCIIEHUS MOXHO IIPONeNaTh MO TOM
xe opMmyite (2), HyKHO TOJIBKO IIPeodpa3oBaTh KOdDGUINEHTH U;j),. VIMeHHO, BBemeM
cuCTeMy KOOpPOMHAT x'y'z, TAKylo 4TO OChb ¥ JIeXUT MO 3aMaHHOMY asuMmyTy. Torma
Ipeo0pa30oBaHUS BEKTOpA CMEIIEeHUs U TEH30pa CEeMCMUYECKOr0 MOMEHTA MMEIOT BHUI
(cm. puc. 3)

singp  cosp O
(4) u; = Ogus, My = OpnOpM,,,, O = —cosp sing 0
0 0 1



Puc. 3. IIpeo6pazoBanue xoopamHaT

Ucnonwb3yst oproroHasbHOCTH MaTpuiibl (), HameM, UTO CMEIIeHUsS 10 BBIOPAHHOMY
a3UMyTy BBIUUCIIIIOTCS HO dopMyiIe (2) ¢ 3aMEHON u;j, Ha

(5) i = OirO;10rnUkin.

Boee HAMTAOHLIME ABJIAIOTCS KOMIIOHEHTHI BEKTOPA CMEIEHWs B IIUIMHIAPUICCKIAX
KOODIMHATAX, IIOYTOMY IPAKTUYECKH yIOOHEee MOIb30BaThCs He dopmyson (5), a mpe-
06pa3oBBIBATH TEH30p MOMeHTa 10 dopmyrne (4) U BBIMUCIATH u, 00 dopmynaMm (2) ¢
TIOCTIeITYFOIIIAM OTOXKIECTBIICHUEM U, — —Ug, Uy — Up.

PEIIEHUE 3A0AYM B OBPA3BAX

st perterust 3anaqn (1) mpruMeHIM MeTOI MHTerpasibHBIX Ipeobpasosanuit. Crerna-
eM mpeobpasoBanue Jlammaca mo BpemeHu u npeobpasoBanusi Pypbe mo x u y

+oo foe)
Ui(w, kg, ky, 2) = // da:dye_’(kzx‘%yy)/ dr e “Tu;(T,r).
—00 0

s 06pa30B mosTyunM cucTeMy OOBIKHOBEHHBIX nuddepeHInaabHbIX ypaBuenuii. Mc-
TOYHUK BXOOUT TOJBKO B TOUKe 2 = (), TOATOMY €ro HaJIMIre MBI yITeM, BBOIS YCIIOBUS
ckauka. Ilpm z # 0 momyuaem cuCTeMy OTHOPOOHBIX ypPABHEHWI, KOTOpas B SIBHON
IIOKOMIIOHEHTHOI 3aIliCU UMeeT BUII

VWU, = (V2 — )ik, (ik Uy + ik, U, + 0,U.) + (—k* + 02Uy,
VWU, = (v* — )ik, (ik Uy + ik, U, + 0.U,) + (—k* + 02)U,,
VWU, = (v* — 1)0,(ik, U, + ik, U, + 0,U.) + (—k* + 02)U..

—Qz

[ToncranoBka U ~ e IPUBOOUT K CUCTeMe ajarebpanvecKux ypaBHEHUI

(6)
YV (w? + k2) + k2 — o? (72 = Dkyk, i(v? — Dkga U,
(72 = 1)kzky VAW + k) + k2 —o? i(v? — 1k, U, | =0.

i(v? — Dkza i(v? — Dkya Y2w? + k? — 4202 U.



Kak n3BecTHO, MuHeHAS OMHOPOIHAS CUCTEMA AJITeOpanIecKux ypaBHEHIN NMeeT HeTPH-
BHAJIbHOE PeIIleHNe, eCIi ONpeNenTellb ee MaTPUIILl PaBEeH HYJIIIO

A = ’72(052 o w272 o k’2>2(()é2 o w2 o k,2) = 0.
Taxum 06pa30M, HETPUBUAJIBHOE DEIIeHNE CYILIEeCTBYeT IIPU

a1 = Vw2 + k2, as=Vw?2+k2, a3=-—-ai, a4=—qs.

npuyeM KODHU (vp U 3 OByKparHble. [lomcrasiiss HalineHHbIe KOPHU B ypaBHenue (6),
MOXKHO HAWTH €ro PelIeHus, IpudeM KOPHSIM (v U (i3 COOTBETCTBYIOT IO IBa JIMHEITHO
He3aBUCUMBIX perneHns. CumTas, 9TO iy U (g UMEIOT IOJIOXKUTEIbHBIE BEIeCTBEHHbIE
yactu (6osee monpoGHOe O6CyXKOeHre CMOTPHU B [1]), BUOAUM, UTO peILIeHus ¢ o U Qo
yOBIBAIOT TIPU 2z — —+00, & PelIeHus ¢ a3 U (yq — npu 2z — —oo. OOIee perenne,
yOBLIBAOIIIEE IIPU 2 — +00 UMEeT BUII

U, k, ok, ko
(7) Uy | =a+ | —ks | e +bp | —tarky | e 4o | by | e 72,
U, 0 k? (1e%}

IpuyeM JIMHENHO HE3aBUCHMBIE DeIIeHus IJIS (v BBIOpaHBI TaK, YTO IEPBOE WM BTOPOE
claraeMble TPENCTABISIIOT coboi BkiIanbl SH- u SV-BoiH, TpeTbe Ke MPencTaBiIseT
BKy1an P-BomH. OO1iiee peltreHne, yOBIBAIOIEE IPU 2 — —0O0 UMEET AHAJOTUIHBIN BUII

U, k, —iankg k,
(8) Uy | =a_ | —ky | € +b_ | —iarky | €% +c_ | =k, | €72
U, 0 —k? 1002

Pemenne B o6pa3ax 6yzmeM cTpouTh B BUle CYMMBI OBYX 4jleHOB. llepBuIil uien OymeT
IPENCTaBIATE CcODOI pellleHne it OeCKOHEYHOTO IPOCTPAHCTBa, BTOPON — IODABKY
3a cueT rpaHunbl. Perrenune nyis G€CKOHEYHOrO IIPOCTPAHCTBA IOJKHO YOBIBATHL IIPHU
z — F00, mosTomy ono nmeet Bun (7) upu z > 0 u Bug (8) mpu z < 0. IlobaBka 3a cuer
PAHUIBI NOJKHA YOBIBATH IPU 2 — +00, TaK YTO OHa uMeeT Bum (7).

YcnoBust cKauKa Ha UCTOUHUKE UMeIOT Bun (6osee monpobHOe 06CyKIEHNe CMOTPU B
npusokeHnn “3aMedaHue O CeNCMUIECKOM UCTOIHUKE” )

AU, = Mmz/:uv AUy = Myz/% AU, = Mzz/(ﬂ72)7
AY,. =i [(2/7% = Dk M., + Myyky + Myyky]
AY,, =i [(2/72 — Dky M., + Myyky + Myyky]

AY,. =0.

(3mech ¥ o6o3nauaeT o6pas HanpsikeHuil.) OKa3bIBAETCS, €CIIM BMECTO X~ U Y-KOMIIOHEHT
cMmertienns BBectn Kombunanuu ky Uy —k, Uy u kU, +k, U, (1 aHasmornamse KOMOMHAIIAN
kyYp, — kyXy, 1 kyX,, + kyX,, O HAOpsDKEHUHT), TO B yCIOBISIX CKAUKa yDABHEHIL
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11 KO3GPUIUEHTOB G4 OTHOENSIOTCS (9TO COOTBETCTBYET OTHENEHUI0 SH-BOMHBL OT
napst P-SV)
(a4 — a_)k® = (Mazky — My:ka)/ 1,
—(by — b_)icnk® + (cy + e )k* = (Myo ks + My k) / 1,
(by + 0 )k + (cy — c-)iag = M. /(1r?),
—2penk?(ay +a-) = i(Myy — Myy)kzky + Mwy(kf/ - ki)),
p((by +b_)ik*a? — (cy — c )2k ) =
=i((2/7* = 1)k* M., + My k2 + 2Myykyky + Myyk;),
p(=2k2ar(by — b_) — iad(es +c_)) =0,
oo a5 = /By 2R

Hac unrepecyer pemenne 3amaun (1) Ha cBOGOMHON TIOBEPXHOCTH, TOITOMY HAM HY K-
HBI TOJIBKO KOd(huiimeHTs a_, b_, c_

1

a_ — M((ki - k@%)Mxy + ikyalez "’ kmky(Myy - M:cm) — ikmalMyz>7
1 :
b- = Gy (—10Sky My a1 (6 Mo + KMy = kM) =
(9) — kg0 My, + 2k, kyaq Myy),
i .
- m(a%Mw B kiMm N kzMy@/ + 2Zkya2Myz_

— iykiy My + 2ikpaaM,.).

Temepb MBI TOXHBI ONPENETNTh NOOABKY 3a CUET T'PAHUIIBI. Y CJIOBUS HA CBOOOIHONM
IIOBEPXHOCTU UMEIOT BUI

Yer(w,k,—h) =0, X, (w,k,—h)=0, X..(wk,—h)=0.

OTu ycaoBus, 3anucaHHbIe Yepe3 KOMOMHAIMN KyXg, — Kypdy, 1 Ky Xy, + kyd, ., DaioT
HAM CBs3b KOO(DPUIIMEHTOB a4, by, c; B mOGABKe C yxKe HAWIeHHBIMI KO3 DUIIHeHTaMK
a_, b_, c_ B pemeHun mysi GECKOHEYHOIO NMPOCTPAHCTBA (KO3DOUINEHTHl Gy, KAK 1
pexnie, OTHeNISIFOTCS )

—a+eho‘1 + a_e—hou =0,
(1()) b+ia%€ha1 — b_’ia%e_hal — c+a2€h0‘2 _ C_a26—hoz2 =0,

—b+k2aleho‘1 — b_Kk2aqe o — c+ia%eho‘2 + c_z'a%e_ho‘? =0.

Pemmas (10), maxommv

a+ — a_e_Qhal,

by = (b_Qe 2" — ¢ dijaaie rmhoz) /R,

cy = (b_4ik’ayaeherhoz Lo Qem2ho2) /R
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roe R = af — 4k?ayap — dymkmus Pomes, Q = ai + 4k%aja. O6pas momHOTO perrre-
Hust (1) Ha cBOGOMHON MOBEPXHOCTH MIPUHUMAET BHIL

2 2,2 2]{? 4 2,2 k
U, = Zkye_ho‘la_ _ wgla5 ze—hayy, _ 2T W %2R ;1042 Lemhaze
(11) U, = —2kye m1a_ — 2iy? w}c%nozsk —hayp %e has.

roe a_, b_, c_ onpenernsiorest popmytamu (9).
KoopnnaaTHO-BpeMeHHas 3aBUCAMOCTD PEIIeHUsT BLIYUCIISIETCS 0 (QOPMYIIaM

oo dk: dk: .
(12)  wlnr)= o / doer [ / ekt (0, k. Ky 7).

Kax oTMeYasoch Ipu IMOCTAHOBKE 3aady, NOCTATOYHO IPOBECTU 9TO BBIUUCIICHUE LS
x =0,y > 0. IIpu sTom k, B 9KCIOHEHTe mpomamaeT U OCTAeTCs TOIBKO B (9) m (11).
Bce meueTnnie mo k, ujeHbl B o0pa3ax MOXKHO OIYCTUTb, IMOCKOJIBKY OHU MTAIOT HYJb
npu uaTerpupoBarnu. O6pasbl CMeIeHnll IPUHIMAIOT BUI

M.
Ui = <Uz(j1k)e_ho‘1 + U(jk)e_ho‘?) Zik
I
rlle OTJIMYHBIE OT HYJIS KO3DDUIIMEHTHI PABHBI
U — iky (k3 — k?,) B 2ik2kyoq 0 7 _ _k_i B kiad
rry k2051 k2R ’ TTZ k2 k2R’
g _ kiky ikikyonod oy ikdk,  ikyoaod
yrEE k20 K2R yyy k2aq k2R
; 4
) _ ikyaiad 1y _ _@ B k§a5
yzz R ’ yyz L2 2R’
U — _M v — _%20471% U — 2k% 0 g
zxx R ) 2Yy R ) zzz R )
gy = 2ikyasad o) dikGkyon o) dkRaias
zZYyz R ) TTY R ’ TIrZ R ’
U(2) _ 2’il€§kya1 U(Q) . 22k§0&1 U(Q) . _Zik:yozloz%
yrer R ) yyy R ) yzz T R K
pe) _ Hmes o) ke ) KjoR
yyz R ’ zZxx R ’ ZYyy R ’
7@ _ a%ag @) _ 2iky o0k
zzz R’ 2Yz R

He Bce xosddunmenTsl He3aBucuMbl. [[0CTATOIHO CEMHAMIIATHA BEIUINH

Ky — ik2k, B ikikyalag, Ky = _ikyaloz%,
k24 k?R R



k2 k2qi ad 2k2aq
Y z%5 _ 5 20102
2k2aq s 21k, aacr ik
KG - - 5 K7 - - Y 57 Ky = _—y7
R R q
2ikzk, 0q 2ik, k?aq 4k2 0
Ll — zY ) L2 — Y ) L3 - = )
R R R
4k g k2a? k*a2
L4 - - ) 5 — T T 5 6 — — )
R R R
21k, ao0x w2a? 21k, 0w
Ly=-"2205 [g=222 L[yg=-"
7 R ) 8 R ) 9 R P

TTY TTY
U, = —Ks, UQ), = —Ls,
Uy(:lc)m _K17 Uéigv :Lb

1 2
UL, = Ko - K1 U= Lo L,
U@E?z = —Kpy, Uﬁl = Lg — Lo,
UL, = K3 — Ky, U, = L3 — Ly,
Ul = K, U2 = —Ls,
Uz(},%, = K¢ — Ks, Uéf,i,—% Lg,
Ul = —Kg, U2 = Lg — Ls,

1) 2) _
Uz(y)z - _K77 Uéy,)z =L

3aBucumocts K um L oT KOoMmoHeHT BekTOpa K MOXHO OBIJIO NpemyragaTh 3apaHee.
ITockonbky Ui i, ABMIAETCS TEH30POM TPETHETO PAHTa, & eIUHCTBEHHBIN BEKTOD, U3 KO-
TOPOTO €r0 MOXKHO HOCTPOUTE — 3TO K, To KoMmoHeHTHI U, i, ABIAIOTCS MOIMHOMAME
He cTapile TpeTbel cremeHu mo kommonenTaM k. Takux mommHOMOB Bcero yerwipe: 1,
ky, k2, k;yki. Ocrasnbable OO CONEPXKAT HEUYETHBIE CTeneHu k, U HAOT HYJIb IIPU WH-
TerpUpOBAHNN, OO0 BEIPAKAIOTCSA Uepe3 IpuBeneHHbIe Bhimie n k2. Huke MBI yBUIHIM,
YTO YeTHIpe TUIIA 3aBUCUMOCTH OT Kk, k, mamyT HaM dYeThIpe THUIIA 3aBUCUMOCTH OT
KOOPOWHAT U BPEMEHMU.

Eme onna nETEpecHas ocobeHHOCTh K0a(hdunneHToB U;j; COCTOUT B TOM, YTO BKIIa-
net SH- u SV-BonH He pa3nensoTcs: BeIudnHbl K comep:KaT Kak cjaaraeMoe ¢ QyHKIIN-
et Poess R B 3HAaMenaTtese, coorBeTCTBYyIOIIee SV -BOojlHE, Tak U CjaraeMoe, He COOep-
x)arree ¢yukiuu Pames u coorBeTcTBytoree S H-Bomue. DTO oTpaxaeT TOT GakT, 9TO
paccMaTpUBaeMbIil UCTOUYHUK HE MOXKET BO30YXKIATh TOIBKO SH-BOMHBL (MU TOIBKO
SV-somuer). Bomee Toro, Huxke Mbl yBumuM, uTo BKiIansl SH- u SV-BonH He pasmers-
IOTCSI QHAJIUTUIECKU: €CJIU Obl MBI TONBITAINCH BBIUUCIUTE UX HOPMAIBLHO PA3IeIbHO,
TO TOYYM/IK OBI, YTO BCTYIJIEHUS BOJIH MO/KHBI HAOIIONATHCS PAHBINE, I€M 3TO BO3-
MOXKHO MCXOISI U3 UX CKOPOCTHU PACIPOCTPAHEHUS.



METOO KAHBSIPA

B npenpimytiiem pasmesie MbI CBEJIU 33089y BBIYUCICHUS] CEICMOTPAMM K BBIUUCIIEHUIO
CEMHA/IIATI TPEXKPATHBIX UHTErpasioB (cMoTpu (12)) ¢ MONBIHTErpAIILHBIMU BBIPAXKe-
musmu K u L. Meron Kanbspa mo3BossieT MpUBECTU 3TU UHTETPAJIBI K OMHOKPATHBIM.
Paccvorpum, Hanpumep, nHTErpa

oo dk: dk: ,
Ji1 = dwe // e’kyy_h‘”l)l
27rz

[TepefineM K MHTErPUPOBAHUIO B MOJISPHBIX KOOPAWHATAX, B IMONBIHTEIDAJIHLHOM BBIDA-
JKEHIN HyXKHO OyneT 3amMeHuTh k,; — kcosy, ky, — ksinp

1 2m
Ji=— [ dwe*” dy

kdk eiky sincp—hang
271 C

Crenaem Tenepb 3aMeHy y sin ¢ = 1, B L1 Hyx)HO OyzneT nonoxuts k, — (k/y)\/y? — n?,
ky — kn/y

1 1 dn *° ,
J = — / dw e®™ 7{ / kdk etkn—ha=,,
2mi Jo 2m)* Je /y2 —n2 Jo

3amMeuaTebHBIM HAOTIONEHUEM SIBJISIETCSI TO, UTO, B CHJIY OMHOPOMHOCTU yPABHEHUI,
HAYAJIbHBIX U TPAHUYHBIX YCIIOBUN, 3aMeHa k = WS JUKBUOUPYET 3aBUCUMOCTD ITOIBIH-
TEeTrPaJIbHOI'0 BBIPDAXKEHUS OT W, OCTABJISIS W TOJIBKO B HKCIIOHEHTE

1
(13) Jp=— [ dwe®”

omi Jo }'{ \/j/ —sds)e
roe Ly = 2s3n(y D2 = s2/y3R(s), R(s) = (72 — 252)2 +452/(1 — s2) (12 — s2)

“o6e3pa3MepeHHa5[ cpyHKuMﬂ Ponest. KOHTypr MHTETrPUPOBAHUS TIPEICTABICHBI HA
puc. 4-6.

—w(sn+hyv1—s2 )Ll

@ ) ®

argw

Puc. 4. Koutyp C Puc. 5. Kouryp F Puc. 6. Kouryp D

Muoxunrenn w2 10O MHTErpajioOM MOXKHO IIPDEACTABUTHL KaK PE3ylabTaT OBYKPATHOI'O

nuddepeHnIupOBa s IO BpEeMEHN

1 0% 1 3
14 d w(sn-l—h\/l—s )L )
(14) 1= (27)2 972 27i / we f N / —sds) 1
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(Boobrre-To mamacosekum obpazom f” (1) aeasercs w?F(w) — wf(0) — f/(0), onmaxo
HUKE TP UCCIENOBAHUN UHTErPAJIOB MBI YBUOUM, YTO B JAHHOM CJIydae HAYAIbHBIE
suavenust f(0) u f'(0) paBubr Hymo. Wmeercs u npyroe obbscaerne. MoxkHO oTHeCTH
MHOXKHUTETb W2 3a CIeT TeH30pa CEHCMIUECKOT0 MOMEHTA, I CINTATh, ITO U CaM TEH30D,
U €r0 TIPOU3BOMHAsI PABHBI HYJIIO B HAUYAILHBIN MOMEHT BPEMEH. )

[Tapa mHTErpasioB 1o § u w BeIUUCIAETCs MeTonoM Kaubsapa (mompobHoe o6CyKienue
cmotpu B [1]). B pesymprare momyunm

1 d
27?28727{ N 772 dT

rIie s BbIpaxKaeTcs depe3 1) U 7 10 GopMyJie

(16) T=sn+hyv1—s2

[TonmyuenHoe BBIpaXkeHNE MOXKHO YIPOCTUTH, €CIIA BOCIOIB30BATHCS CIIEMYIOIINM pe-
synbraroM. Ilycrs f(s,n,7) = 0. Torma, dukcupys onHy mepeMeHHYIO, MOXKHO BbIpa-
3UTH BTOPYIO U€pe3 TPETHIO U BhIUUCINTD Mpou3BoaHy0. [locTpoeHHbIE TAaKM 06pa3oM
IIPOU3BOOHbBIE CBI3aHBI COOTHOIIICHIEM

(15) Jl Q(T—h)Ll,

ds dt dn
17 ——— =1
(17) dr dn ds

IelicTBUTEIBHO, IO TEOPEME O HESIBHOM (DYHKITNN IIOJIyYaeM BBIPDAXKEHU S

dr  Of/om ds  Of/or dn  Of/0s

dn —  0f/or’ dr  0f/ds’ ds  Of/on’

epeMHOXKask KOTOpbIe, mpuxonum K (17).

Puc. 7. Koutyp F

Crmenaem Ttemepb B dopmyse (15) 3ameny mepemeHHBIX 77 — s 10 (opmyse (16).
Bocnonbsyemest pesynbrarom (17) u Tem, uro dr/dn = s. Mbl nomyaum

1 2
(18) Jp = 4 7{ sds — W)L,

(2m)2 072 Jp y\/s2
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roe £ = sn/y, a kKouTyp F m3obpaxen Ha puc. 7. Temepb yxe 1) BbIpaxaeTcs depes s
no dopmyse (16).
Anajiornunas mporenypa MIpUMeHSeTCs K OCTaJIbHBIM mHTerpasiaM. Komeuno, B wH-

Terpajiax
1 92 sds
In = (27T>2 67-2% 7 20(7'—’)/h)Kn
Fyys?—¢§

[epeMEeHHbIe S U 7) BBIPAXKAIOTCs APYT depe3 npyra He mo dopmyie (16), a no dopmyse

T =sn+ hy/~? — 82,

YTO MPUBOAUT K HECKOJIBKO MHOMY KOHTYDPY F', OMHAKO KaueCTBEHHBIN €ro BUI OCTAETCS
npexxauM. Boimuiiem Buipakenus miist K u L uepes s u &

e, = (57 =€) <a1a§ 1 > g, Emod

82 R a1 R ’
& (-l o 2(s* - E)asa
Ky=o 48 78)% g O g
3 52 + 2R ) 4 + R ) 5 R )
2521 2L api? §
6 R ) 7 R ) 8 alu
L, = 26(s* — fz)CYl’ Ly — 28250417 Ly = A(s* — 52)0410427
R R R
L4 _ 482061062’ L5 _ (82 _ 52)062, L6 _ 32(36%’
R R R
2L apa? a? 280
L = — L = — L - .
7 R ) 8 R ) 9 R

(Msr ynoTpebisiem npexuue 0603HAYEHUS (v U (g IUIsE “06e3pa3MepeHHbIX” PaInKasioB

V72 — 52 m /1 — 52, dynxmms Pases Toxe “obespasmepenmas’.)

KoopouuaTer m BpeMs BxomsaT Toiibko 4depes &. Ilockonbky & mpoucxomuT OT 1), a
17 — oT k; u ky, TO ICHO, UTO YIOMSHYyTBHIe B pasznene “Pemlenue 3amaum B obpasax’
JeThIpe THIA 3aBUCHMOCTH OT k, 1 Kk, IajoT Y4eTBIpe THUIa 3aBUCHMOCTU OT KOOPIUHAT
7 BPEMEHU.

Bunmo Taxixke, 9TO B MONBIHTErPAJIBHBIX BhIpaxkeHusx K1 um K3 oTmenbHbIE cliarae-
MbIe IMEIOT 0COGEHHOCTH THTa 1/5%, KOTOpBIe COKPAITIAIOTCS B TIOTHOM BLIPAJKEHIIH.

Mer He GymeM mCCIienoBaTh HemocpencTBeHHo mHTerpasisl Tuna (18). Cuagama Mbl
cherlaeM 3aMeHy MePEeMEHHOW, KOTOpasi YIPOCTUT U KOHTYP WHTETPUPOBAHUS, U TOIBIH-
TerpajbHOe BhIpaxkeHme. Hawm He ymasmoch OOHApPYXUTH MOMOOHOTO IIpeobpa3OBaHUsS B
nureparype. [lo-BuauMOMy, OHO SIBJISIETCS OPUTUHAJIBHBIM, B CBSI3M C Y€M MBI OIUIIIEM
€T0 TTOIPOOHO.

IIPEOBPA3BOBAHUE MHTEI'PAJIOB

3amMeHa mepeMeHHON S — (r, 0 KOTOPOU TOBOPUJIOCH BBIIIE, TMEET B

{ 1, OJIsI THTErpaJioB I,
o =

Qig, [JISI WHTETPAIIOB J.
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W3 Buna monbiHTErpaibHOrO BhipaxkeHus (cM. (18)) scHO, 94TO B pe3ysbTare MOIydaeTcsl
SIUTUNITUYECKAN MHTErPAJT

2
(19) Ji= 0 ]{ —oda 6(r —r)L1.
(2m)2 0712 Jq y\/l — a2 — (17— ha)?/y?

YT06BI TPOAHATM3NPOBATE TPEOOPA30BAHNE KOHTYDA WHTETPUPOBAHUS, CIETIAEM 3aMe-
Hy TIepeMeHHOH B nBa sTama. CHadana 3aMeHnM s2 = z. [[oOEIHTErpaIbHOE BEIPAKEHIIe
3aBHCAT TOJIBKO OT §2, MO3TOMY HOBLIX Pa3pe3oB He BO3ZHHKaeT. B pesymbTaTe mc-
XOIMHAs PUMAHOBA MOBEPXHOCTH MEPEMEHHOI § pacHamaeTcs Ha IBe YaCTH, KaKIas 13
KOTOPBIX HAKPBIBAET PUMAHOBY IMOBEPXHOCTH MEpeMeHHOn z. s ymporieHus paccyx-
nmeHuii GyleM OTBIIEKATLCSA OT Pa3pe30B, CBA3AHHBLIX C PAIUKAIOM y/s2 — £2, KOTOPBIT
BXOOUT B IIOOBIHTETPDAJIBHBIC BBIPDAXKCHUA MYJIbTUIIIINKATUABHO. ByHeM CJIeAUTH TOJIBKO
3a TOYKaMM BETBJICHUA, IIPOUCXOOAIIINMI N3 3TOr'O paguKaJsia. J—[I/ICTI)I I/ICXO,HHOI';I puMa-
HOBOH TIOBEPXHOCTHU S M300pakeHbl Ha puc. 8. KpecTukamu 0603HAUEHBI HYJTN (yHKIIIT
Pones. Bersenus 3a cuer (/52 — &2 obo3HaueHbl KUpHbIMU ToukKamu. Hymn GyHKIun
Ponest ma nucrax (4, +) u (—, —) coorBercrByoT BoinHaMm Panes. Ham ymo6uo Gymer
CUNTATh, YTO TPABbLIE Pa3Pe3bl UyTh OMYIIEHBI, a JEBLIE — UyTh MPUIOMHATEl HAI
IeHCTBUTENBHON OChIO, OTCIONA U PACIIONOXKEHUe MOMocoB. 1lpu 3aMene s? = z TOMb-
KO TIOJIOBUHA TFIOCKOCTH € KAXKIOTO JINCTA MPOEIUPYETCs HA PUMAHOBY MOBEPXHOCTD 2.
CooTBeTcTByIOIIIIE TOMYILIOCKOCTU obo3uHauensl A, B, C', D. JlucTtsl puMaHOBOR IO~
BEPXHOCTH 2 M300PaKeHBI HA puc. 9.

(+7+) (Jr?*)
B
X | X
. 0 1 ~
?74.__% — T =
* * X | X
A
(=+) (=)
D
[} X X [}
 lx
C

Puc. 8. JIucTbl puMaHOBOH MOBEPXHOCTH S IJIs MHTErPajoB J.
st marerpanos I nuctet (4, —) u (—, +) MEHAIOTCST MecTaMu

Hanee nenaeM 3aMeHy ITepeMEHHON

~v2 — z, mug mAETErpasion I,
o =
1—2,  mma maTerpasioB J.
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(+7+) (+77)

(77 +) B 7)
D
X
L]
X
———— —————
L]
X
C
Puc. 9. JIucTel pUMaHOBOI MOBEPXHOCTH 2 [JIL MHTErDAJIOB J.
Hns narerpanos I nuctet (+,—) u (—, +) MeHsIOTCS MecTaMu

[Ipu sToM mpomamaeT pas3pes, UIYIIAA OT 72 (mmu 1). JIucTsl pUMAHOBOI MOBEPXHO-
CTU TIepeMEeHHON « s wmHTerpasioB | m3obpaxenwl Ha puc. 10, a mjas mHTErpasioB J
— na puc. 11. Oxa3biBaeTcsi yOOOHBIM IO-IPYTOMY Pa3dbUTh PUMAHOBY IOBEPXHOCTH
Ha JINCTHI, OOBbENUHSSI MPAaBYIO MOJIYIJIOCKOCTH OIHOTO JINCTa U JIEBYIO IMOJIYINIOCKOCTH
npyroro (u Hao6opor). Pesynbrar npusenen Ha puc. 12 u 13.

h N
Q

Puc. 10. JlucTel pruMaHOBOI ITOBEPXHOCTU (¢ IJIS MHTETPaJIOB [.

Kaxmerni mATErpall mMeeT B IONBIHTEIPAILHOM BBLIPAXKEHNN OBa pamukaia. s
maTerpasios I 510 az = /1 —72+a? u \/s2 — €2 = /72 — a2 — (7 — ha)?/y2. Hna
mHTerpasios J 910 a1 = /72— 1+ a2 m \/s2 — €2 = /1 —a? — (1 — ha)?/y2. Beren
9TUX PANUKAJIOB Ha jmcrax (+) puc. 12 u 13 onpenenstores cremyrommM obpasom. Ha
mucre (+) puc. 13 npu o = 0 cipaBa 0T paspesa (v BEIECTBEHHO U MOJIOKNUTenbHO. Ha
mucre (+) puc. 12 mpu o = 0 cBepxy OT paspesa (ro YMCTO MHUMO U TOJIOXKUTEIBHO. B
Toukax a Ha puc. 12 u 13 (310 06passt s = 0) y/s?2 — £? YUCTO MHUMO U OTPHULATEIBHO.
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B D
X L] X L]
a
A C
Puc. 11. JlucTel puMaHOBOI ITOBEPXHOCTH (¢ IJISI MHTEr'PAJIOB J.
(+) =)
G
D B
c (e X | X .
a 72 =1
N |
X | X
A C

Puc. 12. Ipyroe pazbueHne puMaHOBOI ITOBEPXHOCTHU HA JIUCTHI OJIs MHTETPAJIOB [.

(+) (-)

D ¢ B ivy? =1
Cf\\ xx
bw .

X || X
A C

Puc. 13. Hpyroe pazbueHne pruMaHOBOI MMOBEPXHOCTHU Ha JIUCTHI IJIsI UHTETrPAJIOB J.

OrmeTnMm €I1Ie, 94TO, XOTd OTHOCJIbHBIEC CJllaraeMble IIOOBIHTEI DAJIBHBIX Bpra}KeHI/Iﬁ Kl n
Kg IMEIOT B TOYKE a IIOJIIOCEI IIEPBOI'O IIOPAOKA, IIOJTHBIC BBIPAXKCHUA TaM PEryJIAPHLBL.

OCOBEHHOCTHU MHTET'PAJIOB

Uccnenyem kauecTBeHHO 3aBucuMOCThH mHTerpajioB I u J ot Bpemenu 7. Ocoben-
HOCTHU BCTPEUYAIOTCSI TOTHA, KOTZIa CTAJTKINBAIOTCS TOUYKY BETBJIEHUS MOOBLIHTET PAILHOTO
BbIpazkeHUs. Bcero Touek BersieHus uderwipe. IBe m3 mux (+iv/v? — 1 mus unTerpa-
a0 J win ++/72 — 1 mus uaTerpasioB ) HemomBWKHBI. [[Be mpyrume TOUKM BETBIIE-
HUS, CBA3AHHLIE C PAOUKAIIOM /82 — {2, mepeMeInaiTcs Ipu U3MeHeHn 7. YICHO, 9TO
BO3MOXKHBI CTOJIKHOBEHUS 3TUX TOUYEK NIPYT C OAPYTOM WA C HETOOBUXKHBIMHU TOYKAMUI
BETBJIEHUS.
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Haunrem uccienoBanme ¢ uaTerpasos J. Haiimem mosoxeHne MOOBUXKHBIX TOYEK BETB-
nenust (Touku b u ¢ Ha puc. 13). g 5TOro HyKHO pelnTh KBAOPaTHOE YPABHEHUE

1—a®—(1—ha)*/y* =0

Ero permenue

rh £ /T
2 )

r

roe 72 = y? + h?. HeTpymHo BHUOETH, UTO I NPENCTABISET COOOI PACCTOSHUE OT WC-
TOYHUKA OO TOYKN H&6JHOI[€HI/I$I. HpI/I 7 < r TOYKHU BETBJICHUI JIC2KAT Ha BeHleCTBeHHOI';I
ocu (puc. 14), a mpu 7 > r — B KOMIUIEKCHOIl IIOCKOCTHU, KaK IIOKA3aHO Ha puc. 13.
Korma 7 = r, TOuku BeTBJIEHUs CTAJKUBAIOTCS MEXKIY COOOW, 1 UMEHHO 3TOT MOMEHT
BPEMEHU COOTBETCTBYET BCTyIJeHUIO P-BosHbl. [[sg 7 < r cilemyeT cumTaTh, YTO KOH-
TYp WHTETPUPOBAHUS UMEET BUI, IOKA3aHHBIN Ha puc. 14, Ipu 5TOM MHTETrPaJIbl PABHBI
Hymo. Takum obpasom, mHTErpasbl J BMeECTe CO BCEMHU CBOMMU TPOU3BOMHBIMU PaB-
HBI HYJIIO U 7 < 7, 9TO ONPABABIBAET WHTEIPUPOBAHUE IO YacTsM B dopmyse (2) u
npeobpasosanue oT (13) k (14).

Camyio CHIBHYIO OCOOEHHOCTH MHTETPAJIOB IMIPU T = 7" MOXKHO OIEHUTH CJIEIYIOIIIAM
obpasoMm. QueBHMIHO, ee MMEIOT HMHTErPaJbl, comepxkaime 1/ s2 — {2 B 3HaMeHaTese.

OTu MHTErpaibl UMEIOT BUI
/ ¢ fle)da
b V{a=b)(a—c)

Ux ocobennoCTD TipU b — ¢ MOXKHO MOy YUTh, €CIINA MOJOXKUTEL f = const

It Vi ="

Takum obpasom, dyukmum I' (cm. (3)) IMEIOT KOHEUHEBIN CKAYOK B MOMEHT BCTYIIJICHIUS
P-ponusl. [Ipu h # 0 monBrkHbIE TOYKY BETBJICHUS HE CTAJIKUBAIOTCS C HEIONBUXKHBI-
MH, TaK 9TO OIPYIUX OCOGEHHOCTEH HET.

>
o
Q
Q
>
(I
o Q
<>

Puc. 14. o BcTtynnenus P-BomHEBI Puc. 15. Ho Bcrynnenus S-BOJIHBI

Pasbepemcs Teneps ¢ mHTerpasmamMu [. YpaBHeHWe IS ONpEeNEIeHUs TOOBUKHBIX
TOYEK BETBJICHUS UMeeT BUI

v? —a? — (1 — ha)?/y* = 0.
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Ero permenue

Th £+ y\/r?~y? — 72
(20) a = . :

Kak u nmpexne, TOUKK BeTBJICHHS JIeXKaT MO0 Ha BEIIECTBEHHON OCH, 00 KOMIIJIEKCHO
conpsikeHbl. OHE CTAJIKUBAIOTCSI MEXIY COOOH IpU T = Y7, TO €CTb B MOMEHT BCTYII-
seHust upsMoit S-Bostabl. OnHAKO y mHTErpasioB I MOTyT OBITH U Ipyrure 0COOEHHOCTH.
CTONIKHOBEHUE MPOUCXOOUT B TOUKe o = Yh/r, KOTOpas MOXeT JeXaTh JieBee Hemo-
IBUXKHON TOYKU BeTBIeHUsT o = /7?2 — 1 (Touka d ma puc. 16). Eciu vh/r > /72 — 1,
TO CHTyaIlus IOJHOCTBHIO aHAJOTW4HA WHTerpady J, u ¢ysknuu [' nMeoT KOHEUHBIN
CKa4YOK B MOMEHT BCTYIIEHUs IPSMOH S-BOJHBI, & IO 3TOIO MOMEHTa BPEMEHU DaBHBI
mymo. Ecmu xe vh/r < /7?2 — 1, TO, mpexme YeM CTOJIKHYTBCS C TOYKOW b, TOU-
K& C CTAJKWBAETCS C HEMONBIKHON TOUYKOH d. OTO IPOMCXOOUT B MOMEHT BpPEMEHIU
T = y+ hy/~y?—1. Jlerko mpoBepuTh, YTO 3TOT MOMEHT BPEMEHH COOTBETCTBYET
BCTYIUIEHUIO TOJIOBHOW BOJIHBI (CM. JIyueByIo cxemy Ha puc. 17). Ilo 7 = y + hy/7%2 — 1
KOHTYp (G BBIIVIAOUT, KakK IOKa3aHO Ha puc. 15, a dyuknuun [ paBubl Hym0. B mpowme-
KyTke y+hy/72 — 1 < 7 < yr KOHTYp UMeeT BUI, OKA3aHHBIN HA pUC. 16, Nemaiacs 3a
JlexKalrye Opyr Mon APYTOM Ha pa3HBIX JINCTaX TOYKU BeTBieHus. Haxower, mpu 7 > yr
KOHTYD BBIIVIAOUT TaK, KaK IIOKa3aHO Ha puc. 12.

head B
o P,S
A Y
z
Puc. 16. I'osmoBHas BostHA Puc. 17. JlyueBas kapTuHna. sinf = 1/

Ocobennocts uHTErpasioB pu 7 = Y + hy/v2 — 1 umeer Bum

/ " o

o —C

Ee MmoxHO onenuts, nonaras f = const

d —_
/ \/ a dda = —im(d — ¢).
. Va—c

[Tockonbky ¢ — d muHelHO MO BpeMeHu, TO GyHKIUM [’ HETIPEPBIBHBI, HO UMEIOT U3JI0M
(KOHEUHBIN CKAYOK ITPOM3BOMNHOI) B MOMEHT BCTYIUIEHUs TOJIOBHOIN BOJIHBI.
W3-3a Hajuuumsi rOJIOBHOI BOJTHBI MEHSETCsI OCOOEHHOCTE mpu 7 = 1. OHa uMeeT BUI

’ f(a)da ~In(c—b
/c V(a=b)(a—o) =)
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Pasnocts ¢ — b mponoprmonasibHa /T — 7, Tak 4To (yHKImu ' nMmeoT sorapudmu-
YECKYI0 OCOOEHHOCTH B MOMEHT BCTYILIEHUS TIPSIMON S-BOJIHBI, CIIEIYIOIIEN 38 TOIOBHON
BOJIHOIL.

OTMmeTnM, YTO yTBEpXKIEHUE O paBeHCTBe mHTerpajsoB I u J Hy/mo OO BCTyIIe-
HUs COOTBETCTBYIOIINX BOJH OCHOBAHO HA IMPENCTABICHUU UX B BUIE UHTETPAJIOB IO
3aMKHYTBIM KOHTYPaM OT aHAJIMTUYECKUX BHYTPU KOHTypa pyukumit. Kax yxe oTme-
4aJI0Ch, TIONLIHTErPAJIbHBIE BhIpaxkenus K 1 K3 TAKOBBI, YTO OTIEILHBIE C/IATAeMbIE B
HUX, oTBeuaolme BkiamgaMm SH- u SV -BoH, UMEIOT MOJIOCHI TIEPBOTO MOPSIKA BHYTPU
KOHTypa. [losToMy dhopMasibHOE pasmesibHOe BBIUUCIEHNE STUX BKJIAIOB IMPUBEJIO ObI K
[IPOTUBOPEYNBOMY 3aKJIIOUEHUIO O CJIUIIKOM PAHHEM BCTYILICHUM BOJIH.

O6¢cynumM BKpaTile MpobeMbl YUCIEHHOTO pacueTa CefiCMOrPaMM II0 MPUBEIEHHBIM
Boirie dopmyinaM. Hemocpencrserunoe ucnosnbioBanue dopmysn tuna (19) ociaoxuseTcs
TeMI O0CTOSITeIECTBAMM, UTO U caMu Beraucisiemere yukiun ('), 1 monbHTErpass-
HbIE BLIPAXKEHIsI MMEIOT CUJIbHBIE OCOOEHHOCTH, K TOMY K€ KOHTYD MHTErPUPOBAHU JIe-
KUT B KOMIUIEKCHOI TJIOCKOCTHU (17151 P-BOJIHBL U IPSIMOIL S-BOJIHBI) U MEHSIETCS C U3Me-
HerreM 7. UTo6bI n36exkaTh 5TUX TPYIHOCTEHN, MBI “IepekuHeM”’ MHTerpajl Ha pa3spesbl
[—i/Y2 — 1,iy/72 — 1] wmn [—+/72 — 1,/v2 — 1] (m1s P-BoHEI U TIPsIMOIE S-BOJTHEI)
u OyneM BoramciasTh GyHknuu G i, TO €CTb IPOMHTEIPHPYEM €Ille pa3 IO BPEMEH.
Takoe MHTErpPUPOBAHUE JIETKO BBLIMOJHAETCsI, TAK KaK BCS 3aBUCUMOCTB OT T COCPEIo-
TOYEHA B MPOCTHIX MHOXKHUTEIAX £ U /82 — £2 monblHTerpasbubix Gynknmit. Pyrxiun
Gj yXe HEIPEepPBLIBHBL U IPENCTABIISIOTC Uepe3 MHTErPAIIbl TAKKe OT HeIPEPLIBHBIX
dyukmumit. Ilpu “mepexkunbiBaHunM’ KOHTYpPa BO3HUKHYT HOOIMOJIHUTEIbHBIE BKJIAIBI 38
CYeT BLIYETOB Ha OECKOHEYHOCTH U B moiocax Pomes.  OxasbiBaeTcCs, UTO BBIYETHI
Ha GECKOHEUHOCTU 3aBUCAT OT BPEMEHU OYEHb MPOCTO — HTO MOIUHOMBI, CONEPIKAIIIE
unensl 72 u 7¢. BbIueTsl B mommocax Panes Takixke 3aBHCAT OT BPEMEHH OY€Hb IIPOCTO,
TOBKO Wepes €. [lomBIHTerpaTbHBIE BEIPAKEHNS IS KOHTYPOB [—iy/72 — 1,4i4/92 — 1]

u [—v/72 — 1,1/72 — 1] memuOr0 ympormaorcs. [TaBHBIM ke TPEIMYIIIeCTBOM SBIISETCS
TO, YTO KOHTYD MHTETPUPOBAHUS TEMepPh MOCTOSIHHBIN U JIEXKUT JTNO0 HA BEIIECTBEHHOI,
a0 HA MHUMOI OCH. Bosblasi 4acTh HOOBIHTErPAILHBIX QYHKINN (KPOMEe MHOXKUTE-
Tlefi, comepkarmux ), 3aBUCAIIAS TOMBKO OT 2, MOXKeT ObITh BLIYMCIICHA ONMH Pa3 |
cHeflaHa BEIeCTBEHHON, YTO 3HAUNTEHLHO YCKOPSET BBIUUCIICHUS.

Huxe IpuBenens! mpuMepsl pacdeTa ceiicMorpamy. [ImoTHOCTS cpenbt p = 3.3 T/cM?,
cKopocTH BOH v|| = 8 kM/c, v = 5 km/c. CeficMOrpaMMbI BBIYHCTICHBI [/ HCTOYHUKA,
Haxomsierocst Ha riryoune h = 10 km. Tem3zop MoMeHTa M3MEHsIETCS BO BPEMEHU II0
3aKOHY M=et/ca=01c. CeficMorpaMMBbl BHIYUCTIEHBI Ha paccTosaun 150 kM o1
ICTOYHUKA TIO PA3HBIM a3uMyTaM. A3UMYTBI U TEH30PbI MOMEHTA YKA3aHbBI B IOMIMMICSIX

K pucyHKaM. MacmTabbl 0 BEpTUKAIBHON OCH PA3INIHBI y PA3HBIX CECMOTDAMM.

[IPUNOKEHUE. 3AMEYAHUE O CEUCMUYECKOM MCTOYHUKE

MaTemaTuka CEICMAYECKOTO NCTOYHUKA. MyJIbTUNIOIBHOE pa3JioXKeHue. Y PDaBHEHUS
TEOpUU yIPYTOCTH MJISI OMHOPOMHOTO M30TPOIIHOTO Tesla UMEIOT BUIT

(IT.1) Py = Cij10;01ur + fi,

rne p — IUIOTHOCTDL TeJa, U; — BEKTOP CMEINEHNUS, Cijpl = A0k + p(8ikdji + dirdjk)
— rten3op I'yka, f; — IIOTHOCTH BHEIIHUX CHUJI.
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3amuiieM pellleHre dTUX ypaBHEHun uepes pyukiuio ['puna

wi(t, %) = / By Ginlt,%,y) * fu(t,y),

rlle TOCPENCTBOM OIepaTopa ‘3Be3mouka’ 0003HaUeHa CBEPTKA M0 BPEMEHN.
MybTUTIONBHOE PAa3JIoXKEHUe TOJYUUTCs, €CIu Pas3oXkuTh ¢yHkuuio ['puHa mo y
BOJIN3M HEKOTOPOM TOYKU 2

Gik<t7xv y) = sz(tv X, Z) + (y - Z)oz sz(tv X, Z) +... )

9
0z¢

U TIONCTABUTH B GOPMYILY IS U

ui(t,x) = Gir(t,x,2) * /d3y fe(t,y) + Gik(t,x,z) * /dgy (y — 2)afr(t,y) +...

0
0z4
NuTerpan

Fu(t) = / &y fu(t,y)

WMeeT CMBICJT TIOJTHOW BHENTHEW CUJIbI, & WHTErPaJl

N;i(t) = €ijk /dgy (y—2)fu(t,y)

— IIOJTHOTO MOMEHTAa BHEITHUX Cuji. B Teopum CeNCcMUYECKOrO0 MCTOYHUKA CUUTAETCS,
9TO NOJIHASI BHEITHSSI CHJIa W IIOJIHBIN MOMEHT BHEIIIHUX CHJI PABHBI HYJIO, IIOCKOIBKY
3eMJIeTpsICEHe — siBjieHme BHyTpeHHee. lIpu mosHOI cuse, paBHOW HYJIIO, MOMEHT
oIpenessieTCs OMHO3HAYHO, He3aBUCUMO OT TOYKHU 2, TaK KaK

NU(t) = i / Py (y— ) fult,y) = i / Py (y - 2); fult,y)+
+ eijp(z — 2'); /d3y et y) = €iji /dgy (y—2);fu(t,y) = Ni(t).

[lepBBIll HEMCUE3AMOIINT YJIEH B PA3JIOXKEHUU CMEIIEHUs Ha PACCTOSHUSIX, 3HAUUTETHHO
OOJTBIINX Pa3MEPOB OUara, UMeeT BUII

iGik(t,x,z) * M (t),

(I1.2) u;(t,x) = 5z,

roe
M (t) = %/d?’y [(y = 2); fu(t,y) + (v — 2)ufi(t,y)]

HA3BIBAETCSI TEH30POM CeficMuueckoro MoMenTa. OH OIpenessieTCst ONHO3ZHAYHO, He3a-
BICHMO OT TOUKH Z, IO T€M Ke IpuauHaM, 910 u N.

IToncrasnss pemerne B dopme (I1.2) B ypasrenne (II.1), maxommm, uro ceficmude-
CKOMY HCTOYHUKY-TEH30DY MOMEHTa COOTBETCTBYET INIOTHOCTH BHEIIHUX CIII

fi(t,x) = Mik(t)a%cd(x —z)=— ik(t)(,%ké(x —z),

roe 2 — MeCTO PacCIIOJIO2KEHMA MCTOYHUKA.
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YcnoBus ckauka Ha ucTouyHmke. OOLIUHO ITPU PElIeHnn 3aad TeOPUH YIPYTOCTH
OPUMEHSIIOTCSI MHTerpajibHble mpeobpasoBanus ucxonsoro ypasuenus (I1.1) mo uactn
IIEPEMEHHBIX, TaK UTO IJIs 0OPa30B IMOJyYaeTCs CUCTeMa OOBIKHOBEHHBIX nuddepeH-
IMaJIbBHBIX ypaBHeHHﬁ. HaJII/IqI/Ie TOYEYHOI'0O UCTOYHUKA YYUTBIBACTCSI HAJIOXKEHUEM CO-
OTBETCTBYIOIIMX YCJIOBUI CKadkKa KaK Ha caMu o6pasbl, TaK U Ha UX MPOM3BONHBIE.
BoisicHIM, Kakue yCJIOBUS CKadKa COOTBETCTBYIOT MCTOYHHUKY-TEH30PY MOMEHTA.

s yoportienust 0603HAYEHUT BBEOEM CKOPOCTH IIPOMOJIBHBIX U TIOMEPEYHBIX BOJIH
vﬁ = (A4 2u)/p, v1 = p/p, a Taxxke WX OTHOUIEHNE Y = V|| /v1 U HOBOE BpeMs T = UL

Ypasuenue (I1.1) B HOBBIX 0603HAUEHUSX IPUHUMAET BUIL

Bymem cumTaTh, 94TO UCTOUYHUK HAXOMUTCS B HAdasle KOOPIWHAT, NEKAPTOBLI KOODIU-
HATBI OymeM 0603HAYATH T, Yy U 2. I[IPEAmosoKuM, UTO MBI CHEJIAIN MPeoOpa3OBaAHMEe
Jlantaca mo Bpemenu u npeo6pasoBanust Pypre mo koopauaaTam x u Yy (OObBIYHAS CH-
Tyalus IPU PEeIeHny 3a1a4 Il TOIYIPOCTPAHCTBA, IPENNOIAraloTCs TaKkKe HyJIeBhIe
HAYAJIbHBIE YCIIOBS )

Ui(w, kg, ky, 2) :/ dte“"t/dwdye_i(k”Jrkyy)ui(t,:c,y,z).
0

YpaBreHue 11 06pa3oB mosydaercs, eciau 3aMeHnTs B (I1.3) mpousBomuyio o BpeMeHn
Ha W, a IPOM3BOMHLIE IO KooOpauwHaTaMm J; — ik; + n;0,, Tlle N — eQUHUYHLIA BEKTOD B
HAIIPABJICHUN Z:

(H4) wQ'yQUi = (’)/2 - 1)[—]@]@ + Z(k‘z’l’bj + kj’l’bi)az + nm]af]U]—l—
+ (—k? + 02)U; — Mij(ik; +n;0.)3(2) /.

Mpur mpuBemeM nBa crocoba MOydeHus yCIoBuil ckauka. [lepBeIil OCHOBaH Ha WHTE-
rpuposauuu ypasuenus (I1.4) mo orpesky [—e, €] u nepexome 3aTem x npeneny € — +0.
qJIeHI:I, cogepxKalle IIpon3BOOAHBIC, MHTETPUPYIOTCA SIBHO, a OCTAaBHIIMECA MHTErPAJIbL
¢ U B mpenene naroT HyIb. MBI omyuaem

Oto naer Tpu ycnosus. Eie Tpu ycioBus moimydnm, qoMHOXKUB ypasaerue (I1.4) wa z
U IPOMHTErPUPOBAB, KakK panbiie. Ilocie mHTerpupoBaHus MO YacTsIM B WIEHAX C MPO-
M3BOMHBIMU YaCTh WHTETPAJIOB BBIUUC/IUTCS SBHO, OCTABIIUECS HAOYT HY/Ib B Ipemese.
Mpbr HaoeM

(I1.6) (72 = Dngng + 6;;]AU; — Mijn; /= 0.

OTu Xe yCIIOBUS MOXKHO MOJYyYNTh npyrum crnocobom. Ilpu z # 0 ypasuenue (I1.4)
onuopomuoe. IlycTs pemenue mpu z > 0 ects UT(2), a pemenne npu z < 0 — U~ (2).
Torma perrenre Ha BCell MPSIMON MOXKHO 3aIllCaTh B BUIE

Ui(2) = U (2)0(2) + U (2)0(—=2).
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[Moncrasum 5T0 pemrenue B ypasuenue (I1.4). Ysensl, B KOTOPBIX nuhdepeHINPYIOTCSE
Tomeko dynaxmumm UL (z) B cymme mamyT Hymb, Tak kak U< (z) ymoBIeTBOPSIOT Of-
HOPONHBIM ypaBHeHusM. (OCTaHyTCsI WIeHBl, B KOTODPBIX ONWH WU ABa pasda nudde-
pernupytorest 0(+z). Otum wnensr nponoprmoHanbubl §(2) u ¢’ (z) COOTBETCTBEHHO U
OOBENUHSIIOTCS C WIEHAMH 33 CYET UCTOYHUKA

(1) {ir® = 1) (kang + kyni) AU (2)+
+2[(y* = Dnin + 635]A0:U; () — iMz'jkj/M}5(2)+

{0 D 1AL, )=,

roe AU (z) = U (2) = U~ (2), Ad,U(z2) = 0.UT(2) —0,U (z). Ypaenenue (I1.7) mmeet

BUII

(IL8) F(2)8(2) + g(2)8(2) = 0,

roe f u g — rimankue @yukuun. Moxuo 66110 681 TODyMaTh, uTo f(0) = 0, g(0) = 0, HO
510 HeBepHO. [lo ompemenenuto o6oOIIeHHAs DYHKIMS 3aMaeTCsI TPABUIAMU UHTET PU-
poBanus ¢ raankumu dyuakuusmu. Pasenctso (I1.8) oznauaer, uTo mis mo6oil TIIanKoil

bysxmmm o(2)
JU@6G) + )5 etz) = =

WNuTerpupys Bo BTOPOM CjIaraeMoOM IO YaCTIM, TOJIYIUM

p(0)[£(0) = g'(0)] — #'(0)g(0) = 0.

[Tockomeky ¢(0) u ¢'(0) He3aBUCUMBL, TO

Ecnu M1 npumernnm HaiinerHoe mpasmwio X (I1.7), To momyuanwm (I1.5) u (I1.6).

Peumnm ypasrenust (I1.5) u (I1.6) ormocutensro AU un AQ,U. s 5TOro HyXKHO
o6paruts marpuiy (v2 — 1)n;n; + d;5. O6parnas k meit pasra (1/9% — 1)n;n; + d;;,
HOSTOMY

(IL.9) AU; = [(1/~* = Dyning + 6i5] My / i,
A@ZU, == ’L(l/’yz - 1)(k,nj + kjn,-)Mjml/,u—l—
+i[(1/7* — Dnynj + 6] Mjiky / .
Yenoeue ckauka mpoussomuonn AJ,U MOXHO NepenmcaTh B BUIE YCJIOBHS CKadKa

obpasa HampsikeHus Y. TeH30p HAIPSDKEHHN HMeeT BUI 0 = CijkiOkU;, HODTOMY
00pa3bl €T0 $2-KOMIOHEHT DPaBHBI

Eijnj =L {i[(72 — Z)nik’l + kml]UZ + [(’}/2 — 1)ninl + 5“]62[][} .
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YcnoBue ckauka [jIsi HAIPSKEHUN BBITJISIUT CJEMYOIIIM 00pPa3oM
(I1.10) A¥ijng = i[(2/72 - 1)ki(anpqnq) - ni(k'pMpqnq> + Miqkq]~

HpI/IBeI[eM €I1Ie ABHYIO IIOKOMIIOHEHTHYIO 3aIIACh yCJIOBI/Iﬁ CKa4YKa CMECILICHUS 1 HaIIPs-
2KEHI A

AU, = Mmz/:uv AUy = Myz/% AU, = Mzz/(ﬂ72)7
AY,. =i [(2/7% = Dk M., + Mgk + Myyky]
AY,, =i [(2/72 — Dky M., + Myyky + Myyky]

AY,. =0.

Pdu3zuka ceicMUYECKOro MCTOUYHuKa. Teopema mpencTaB/IeHUS M HOOBUXKKAa
o paspeiBy. Paccmorpum ypasuenue (I1.1) B mekoTopont obmactu V' ¢ rpamuneit I
(cm. puc. I1.1) B orcyrcrBue BHemnux cwi. Chemaem npeoGpasoBanue Jlammaca mo
BpPEMEHH, TIperosaras HyJeBble HauajbHble ycioBus. Torma ypasuaerue (I1.1) mepemnu-
LIeTCsI B BUIE

pwui(w, x) = Cijk10j0 Uk (W, X).

YpaBHeHue myist coorBeTCTBYyIOMIER GyHknuu ['pura G BBITISOAT Tak
pw?Gip(w, X, y) = Cijr10;01Grp (W, X, y) + 8ipd(x — y).

Nmeem

pr/VG,-p(w,x,y)ui(w,x)dgw:/VGip(w,x,y)cijklﬁjﬁluk(w,x)d‘g’w:

:/FGip(w,x,y)njcijklaluk(w,x)dSm—/V(%Gip(w,x,y)cijklﬁluk(w,x)dgw:
:/FGip(w,X, Y)”jcz‘jklazuk(w,X)de—/FajGip(w,Xa Y)cijriug(w, X)dSz+
+/VcijklalajGip(w,x,y)uk(w,x)d?’x:/FG,-p(w,x,y)njcijklaluk(w,x)dsx—
—/F5jGip(waX,Y)ﬂlcz'jkzuk(w,X)d5x+/V(Pw2ka(w,Xa ¥) = Okpd (x—y))up(w, x)d°z =
:/FGip(w,X, Y)”jcz‘jklazuk(w,X)de—/FajGip(w,Xa Y)cijriug(w, X)dSz+
+ pw? /V Grp(w, X, y)ug(w, x)d3x — Up(w,y).
Nrak

up(w7y>:/FGip(waX7y>njcijklaluk(wax>dscc_/FnlcijklajGip<w7X7Y)uk<w7x)dsx-

OTO U ecTh TeopeMa TpencTaBIeHus IIsi 0O0pa3oB. B mpaByo 4acTh BXOOAT CMeIIle-
HUS U, ¥ HODMAJIbHBIC HAIPSKEHUST Oy = N;Ci ki 0juy, Tompko Ha rpaxune I'. UrTober
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Puc. II.1. K Teopeme npencraBieHus Puc. 11.2. BuyTpennunit pa3pniB

MIOJIYYUTH TEOPEMY IIPENCTABIIEHUSI BO BDEMEHHOU 00/1aCTU, HAZIO IIPOCTO 3aMEHUTH IIPO-
U3BENEHNST CBEPTKAMUI

(IL11) wuy(t,y) :/

Gip(t,x,y) * 0y (t, x)nd S, —/nlcijlejGip(t,x, y) *ug(t,x)dS,.
r

r

PaccMoTpuM HeorpaHuUeHHY0 00JIACTH ¢ OBEPXHOCTHIO BHY TPEHHErO Pa3phiBa (Uim
OTpaHUYEHHYIO 06JIaCTh, HO BO3bMeM (QYHKINIO [ 'prHA, yIOBIETBOPSIOIIYIO TPAHTIHBIM
ycrmoBusiM Ha BHerHell rpanune). Torma B dopmyse (I1.11) B mpasoit wactu 6ymyT
JINIIL WHTETPAJIbl IO OeperaM pa3pbiBa. Boobire roBopsi, Mbl He MOXKEM 33/1aTh HE3aBU-
CUMO CMEIIIEHUSI U HaIPSXKEHWs HA pa3pblBe — 3TO IPOTUBOPEUMIIO OBl O0IIlell Teopuu
ypPaBHEHUII B YAaCTHBIX MPOW3BOMHBIX. VIMeeTcs, omHAKO, YACTHBIN CiIydal, KOTIa B
npasoit yactu (I1.11) ocraroTcss TOIBLKO CMeIEeHUsT HA paspbiBe. OJTO CIydail, Korma
HOpMaJIbHBIE HAIIPSRKEHUST Ha Pa3pbIBe HENPEepBIBHBI. KOHEUHO, Takoe IIpenmnoIoXKeHue
MIPOTUBOPEYUNT (HPU3NIECKON KapTUHE 00pa30BaHUS U PACIPOCTPAHEHUST pa3pbIBa, OMHA-
KO OHO MAaTEeMATUYIECKU BIOJIHE KOPPEKTHO U YIOOHO M “KMHEMATUIECKOTO  OMUCAHUS
3emsteTpsicenuit. IlomeTuMm OmHY M3 CTOPOH pa3phbiBa KaK “MOJOXKUTEIBHYIO , Opyras
6ymer “orpunarensuoi’ (cMm. puc. [1.2). opmyna (I1.11) npuanmaer Bun

up(t,y) = — /r+ n cijri0jGip(t, x,y) * Aug(t, x)dS;,

rme Aug = uZ‘ — u, — pa3pelB cMemleHnil. Ecmm Temepsr MblI Oymem cKMMaThb IIO-
BEPXHOCTDH Pa3pbiBa K HEKOTOPOU TOYKE 2, OMHOBPEMEHHO yBeamuuBas Au, Tak ITOOBI
TOJIyYUTh KOHEYHBIN Ipenesl, TO Mbl HAIIeM

(IL.12) up(t,y) = Myj(t) 0 Gip (1, 2,y),
rme
(H.l?)) Mz(t) = —cijkmlJFAuk(t).

Ucnone3ys cuvmmverpuio dbyHKIun ['puHA [0 OTHOLIEHUIO K [IEPECTAHOBKE apryMEHTOB,
MoxHO 3anucats (11.12) B Bume

up(t,y) = M (1) + 017 Gl y, 2),
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KOTOpBIl TOJIBKO 0603HadyeHusMu oTiandaercs oT (I1.2). OmHOBpeMeHHO MBI HOIydYaeM
BU TE€H30pa CENCMUIECKOTO MOMEHTA, KOT/Ia UCTOYHUK IIPENCTABIISIET COOON MOABUXKKY
[0 Pa3spbIBY (KOHEUHO, 5TO He eIUHCTBEHHBIN TUI UCTOYHUKA C HYJIEBBIMU [OJTHON CUJION
U MOMEHTOM, €CTb elIlle U SIEPHBIE B3PbIBEI).

[TpoBepum, uro Beipaxenue (I1.13) maer mpaBWiIbHBIE YCIOBHUS CKAUKa, €CIIA €rO
noncrasuth B (I1.10) u (I1.9). “IlomoxuTenbHON” HOPMAJIBIO K IIOCKOCTH Pa3pPHIBA
GymeT —n, paspblB CMereHnil 06o3uaunM depes a. Torma mo dopmyse (I1.13)

2

Mij = cijrimar = p[(y" = 2)6i;(mar) + niaj + njag).

[Toncrasiss sror Tersop momernTa B (I1.10) u (I1.9), Hafinem
AUZ = Q;, AEijnj =0
— TO, Yero U CJIENOBAJIO OXKIUIATE.
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