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BEpilLIGE AR8 TOATOTOBKH THIUTOMHPOBAHHELL CREUHARHETOR N0 CResanbiosTH « Meodummyec-
KHE METOAB MOHCKOD 1 PAIDEARH MECTOPOKICHIIT NOMCIHEX MCKOMACMELLR,

Yuelune coCTONT H3 TPeX YacTedl,

HacTe [ e HIsKo-reonorHseckie 0CHOBS! CoRCMOPEIBaIks COISKNT b I28, B KOTOPLIX HaT0-
SEHB] EMENTH KIBCCHECCKOI TEOPHH YIPYIHX BOMH B OOHOPOAHER W HEQAHOPOTHME CPeaax —
HACANEHLIN M PEUTLHER, HIOTROMHLIX H AHNIO0TPOMHEY, ARHL] MEOMOTHYCCKRE OCHOBE! H KLA0CH-
fHEanng weToaos coficMoPAIBCIKH, MPOAHLNTHINPOBLHE OCODLHIOSTH NOBEPXHOCTHEIN W MHHCH-
MG FOAGrPEfos PIUTMHEIR BONH, PACCMOTPCHE BOMPOCKT MOACTHPOBLHHA CefiCMituectny noneii,

UYacts [T alloayuenne ceiicMopaIeeacuHEX JAHHER BENIOMACT 3 FIABL, B EOTOPGIE 11V
HAWTCA TEXHHKA, METOANKS W TEXHONOMHA COPPEMEHHEA NONCERIX PadoT, & TAKKE BONPOCH
OPFIHIEALNHE H JECHOMHEN celcMopaibeouioro NpoisoacTea. 3aece noapobuo obcyxaa-
WTeA TPefORIHNA K XUPAKTCPUCTHEAM cofiCMOPErHETPHPYIOUEH annapaTypsl (ANHSHACCTH,
AHHAMHYECKOMY H HACTOTHOMY OHAMAZOHAM) 0 BOIMOKHOCTH MX DPEETHYECKON PeLTH3inm.
OOEACHACTEE NPHHILAN ALRCTONE 24-PAIPRTHEE aHATOro-UppoBEpx NpeobpaiosaTench nonoro
THILL H YCTPOFACTED COBPCMEHHEIX TEIEMETPHUSCKHY CHIUTEM, NPHMEHACMBIE B TPpexsepHod ocfic-
MOpaInEnKRe. B IxoHOMIMeCKOM PATOEAE BAHE OUEHKH CTOHMOCTH patior 20 n 3D ceficmopas-
BCIKH.

Hacte I «O6palioTes B HITEPNPETALIE coiicMOPIIBCI0MHEIX TAHHLIXS COCTONT W3 § rian,
TPRETYHMUNA NPHHLANHARBHEIE IOIN00M K PeLsesne obpaTHON 3a1ayn, CTPYKTYRY Npouscca
0GpAGOTEN, M0 OCHOBHENS MPOUSTYPEL, NPEATOCKUIKE | HGERTHBHOCTE PATIRYILIY BHIOE HAC-
TOTHOM W NPOCTREHCTREHHO-BpeMErEOR fHILTPaLNil, onpeneackue ckopocTell # NocTpoense
cedcapnteckns nrobpamenili reanoriuecky o0LeKTOR NYTEM MITPALHOHHE NpeobpazoaaHii.
CHIMCEHA KHIEMATHHMSCKAR o IHHEMHYCCKAR HHTepApeTauna smatepianon 20 u 3D ceficsopas-
seakn. Ocolos BHUMANHE YICACHO PONTHAHENM MOTOJEM KaUSCTRCHHON 1 KONHUSCTBENNON Hi-
TEPAPCTALKI 33NN OTPRREHNBE BOIH € UENLK MOHCKOB 0 PAIBCIRH HEQTCTATOBRN JANEHER.
B 3axniouHTensHOA riase yMeGHHKL PROCMOTPEHE! GCHOBHIE OBIMCTH NPHMEHEHNA ceficsopas-
BUAKH B WHPOKOM JHATA3I0NS PEIUSEMELX MCOROTHYECKAX 3A0AY = OT rayDuHNLE I0HIHpoRanmil
AEMHOR KOPB 10 DETANLNME HHKCHEPHO-MEOIOTHSECKIN 1 TeO3KONOTHUSCKNX HILCELHNTL
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IIpenncioene

MuHYIa YeTBepPTE BEKA CO BPEMEHH IPeBIIYLUIErD H3TaHHA yueOHHKa
no ceiicMopaseenke’ . CnyeTa ABa roga yIIeT H3 KH3HH BEAAIOIMHACA yye-
netii w negaror Mnea Mewpoposny Dypeuy (1916-1983). TTomumo Gons-
LIOTO BEIAAA B HAYKY EMY MPHHALISKHT YHHKAIBHOE JOCTHREHHE B TE0-
thusnteckoM oGpasoBAHIN; HAYHMHAA C NOCNEBOSHHLIX JIET H N0 HACTOALLEE
ppema .M. [ypeuy sBM4eTCA aBTOPOM BoeX O HIHANLHEIX y4eOHHKOB N0
ceficMopassenke — 3 HagaHuA OBIIH BBEIIYVLICHEI [UTA TeXHHKYMOB (1954,
1964, 1975 rr.) u 3 u3ganua — ana syzoe (1960, 1970, 1980 rr.). IMTo st
KHHIaM THICAYH CTYISHTOB H3YHAIN H H3Y4AIOT BEAYLUIHA METOM, passeaou-
Hoit reofuanxn, H.H. l'ypeny paspaboran ctpykTypy yueGHoro kypea ceii-
CMOPA3IBEIKH, KOTOPad B cBoeii OCHOBE COXpaHASTCA OO CHX MOp.

Hactoaumii y4efHHE, IpHIBAHHEIH 0TOOPAINTE COBPEMEHHOE COCTO-
AHHE TEOPHH M MPAKTHKH cefcMOpa3Belki, CHIBHO OTIHYAETCA OT Mpe-
neigyimero. Buecre ¢ TeM 3Aeck coxpaneda vacTs Tekera HLH. I'ypsuua,
MNO3TOMY OH QCTAETCA COABTOPOM yueOHHEA.

3a npolleANHe TOIE B PA3THYHBIX 00IACTAX CeHCMOPAIBEIKH OCTHT-
HYT DONBIIOH Nporpecc, NPHYEM YCTOHYHMBO NMPOABIANACE TEHISHLHA K
CMELIEHHID «LIEHTPA TAKECTH CeRCMOPAIBLIOYHOTO TPOHIBOACTEA HA €r0
SAKMIOUHTENBHBIE CTAMHK — 06pafoTKyY H HHTEPNPETALHIO IOJIEBLIX MaTe-
pranoe. Takas CHTYALWA, ECTECTBEHHO, CKA3ATACh Ha MPONOPLHAX palie-
nok yueOHHEA, B KOTOPOM OTHOCHTENBHO BO3POCTH ODBEMBL MOCHEIHIX
[IaE NpH HEKOTOPOM YILTOTHEHHH MATEPHANA HAYANBHEIX [TIAB,

Vuebuuk cogepant oxono 200 wimocTpaumii, GONBIIHHCTBO KOTOPBIX
BEINOAHEHE IUIA HACTOAILEr0 H3gaHua. HexoTopele pHCYHKHN 3aNMCTBOBA-
HEl W3 nyOnukauuii (MoHorpaduii, cTaTedl, MPOCNEKTOB M NP.), KHH#HLA

* Nypewy MM, Borowme NH. Ceficwiueckos poseegkn; YueGuue gna eyaoes. — 3-e wzn,,
nepepaf, M.: Heapa, 1980,
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YACTh KOTOPBIX TPHBEAEHA B CIHCKE JHTEpaTYphl. CCBIIKN HA KOHKpET-
HEIE HCTOUYHHKH PHCYHKOB B TEKCTE HE IAI0TCA: OHH TPOMO3JIKH 1 A1 y4e6-
HHKA BPAM JIH AKTYAJBHEL, [OCKOIBKY HHKAKHE €T0 Pa3/IeNkl HE MPeTeHIy-
10T HA HAYYHEIE TPHOPHTETEL

Copepskanne yueOHHEA NOMTHOCTLI0 COOTBETCTBYET MPOTPAMME BY3O0R-
ckoil mucuunnuuel «CeficMopaseenkar, yroepwactnod 8 2001 r. Munu-
crepcTEoM oOpasopanus Poceniickoi @eepaliuu 48 NOATOTOBKH CIIELH-
ANHCTOB-TE0hHIHKDE.

Vyefnuk u3gan Gnarogaps opraHu3aiHoOHHO-(HHAHCOBOH TOMOIUH
ACCOIHALMA HAYYHO-TEXHIYECKOTO H JENOBOT0 COTPYIHHYECTEA 0 Teo-
dhuziueckM HecnenopanuaM 1 paboTam B ckeuknnax (AMC), renepane-
Homy aupektopy koropoil H.C. BepesoeckoMy apTop BEIpamaeT rayoo-
Kylo BnaronapHocTs,

Supape 2005 T I AH. Bozanux

Beenenune

CeiicMudeckan pa3BeKka ABIASTCA BETYLIHM METOIOM reo(H3HUeCKIX
HecHenoBaHHi 3eMHOI Kopel. JIMoMpyIoWee NONOKEHHE METONA B Pa3Be-
nouHoil reoduanke 06y CIoBIeHO ero GoNbIOH IMyBHHHOCTRIO NPH BEICO-
KOil JeTalbHOCTH HOCTIEAOBAHMIL

CeficMopazsedia 0Cnosana Ha u3yyellit Pacnpocmpaneius ¢ 20pisix nopo-
dax uckycemeeinio 6030 yNcoaemsx yupyaux eoi. Bel3BaHHBIE B3PBIBOM, Y-
pom wian BHOpaumeil ceficMiMecKoro HCTOYHKEKA, YNpYrHe konebanua pac-
NPOCTPaHAIOTCA BO BCE CTOPOHEL H MPOXOJIAT B TOMLUY 3EMHOH KOPBL. 37ech
OHH IIPETEPNSBAINT TPENOMIEHHE H OTPAKEHHE Ha MPAHHLUAX FOPHEIX Nopoa,
¢ PANTHYHEIMH YOPYTHMH CBOHCTBAMH H YACTHYHO BO3BPAIIAIOTCH K JIHEE-
HOH MOBEPXHOCTH, e BO MHOXKECTBE TOUSK HABMIONEHNA PECHCTPHPYIOTCH
BEICOKOTOMHOM anmapatypoil, Tlo sanucaM 3THX BOMH CTPOAT cellcMuyuec-
KHe H300pame s FeoNorHIeckx 00BEKTOR, YTO NO3EOIAET ONPEISTHTL HX
ruyOHHE! M OPMEL, & TAKKE NPOTHOIHPOBATE HX JIMTOIOTHYECKHI COCTAB.

Brnarogaps cBOHM BOIMOMHOCTAM celicMOpasBeka HIPAST KII0YEBYIO
POk B PErHOHANBHEIX HCCIEIOBAHMAX 3¢MHOI KOpEL, 0coBeHHO — B H3ye-
HHH MOUIHBX OCANOUHEIX TOML. YpeiBrailHo BeIMKO IHAYEHHE METOI
[pPH MOHCKAX H Pa3Beike MecTOpokIeHHH HedTH H rasa Kaxk na cyie, Tak
u Ha mope. CelicMOpasBeaKy NPHMEHAIOT ANA IIOHCKOB YINIeH H MHOIHX
HEPYIHBIX MONE3HEIX HCKONAEMBIX, @ TAIKE LI PEIeHI] THAPOre0IoTH-
YECKHX, HHAEHEPHO-TE0NOTHYECKHX M reo3Konorndeckux sanay. Bee Go-
e AKTHEHO OHA YYACTEYET B PelIeHHH 33124 PYAHOH Feonoruy, Hayio-
meil CI0KHBIE KOMIUIEKCE! KPHCTAMNIHYECKHX MOPOIL.

B HacTosIee BpeMA Npeobaaalolyd YacTs reodusmteckoii undopma-
LMK O CTPOEHHH 2EMHEIX HEIP TTONYHAIOT ¢ NOMOLIBIO OTPAMEHHBIN BOTH.
TMo 3ol npuuykHe METO OTpakeHHEIX BonH (MOB) sensercs 0CHOBHEBIM,
XOTH NPAKTHYECKAR CecMOPA3BE/IKA HAUHHAIIACE ¢ METOIA TPEIOMIEHHEIN
eonH (MIIB). Ha puc. | npuBeena yenosHas cXema MONeBEIX celcMuyec-
kux Habmopennil. Ha ueil nokazaHel TPAeKTOPHH HEKOTOPEIX BOIH (Npa-
MBIX, TPOXOOANIAN, MPENOMICHHEIX, OTPAMKEHHEIX), BO30YKIASMBIX B3pPLI-
BOM 3apafa B HernyOOoKO# CKBAKNHE H NPHHHMAEMEIX HA MOBEPXHOCTH B
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I.H. Boranug, W.W. Mypeu

Pue. 1. CxemMa noneesix ceicMopazeenoqHex pabor,
Mym ynpyrix BonH: T — NPAMBEIX 4 NPOXOAARLLWY; 2 — NPENOMAEHHSIX; 3 — OTPaMEHHEIX

pAne TOUEK C MOMOIIBIO CEHCMONPHEMHMKOR, MOAKIIEHHEIX Yepe3 MHOTO-
KAHATIEHEL kabens kK MOBHNIEHOIH ceiicMOCTaHIIHK, OCYLIECTRISIOIEH JAMHCE
koneGanuii.

CeitcMiueckas pazueiki — IT0 CIOMHAR THHAMHHMECKAA CHCTEMA, Mpe-
HAZHAYEHHAS 1M1 HCCNeMoBAHMA 3eMHEIX Heap, B Hell nponcxoaat npouec-
CBl MpeolpasoBaHHA IHEPIHH H HHOOPMALIY, BAKHEHIINMH H3 KOTOPBIX
ABNAIOTCH: BO3DYHIeHHE CefiCMNECKHM HCTOMHHKOM MePBUUHEIX BOIH, HX
pacnpocTpaleHHe B reolorHueckol cpene ¢ obpasopaineM Ha 68 HeOOHO-
POAHOCTAX BTOPHHHEIX BOMH, IPHEM H 3aNTHCE YNPYTHX KonebaHuii B Tou-
kax nabmiofgenus, oOpaboTka H HHTepPOpeTALHA ceiicMMYUecKHX 3anmucei.
LlenenanpasneHHyI0 NOCHENOBATENEHOCTE 3THX MPOLIECCOB MOKHO pac-
CMATPHEATE KaK CeHCMOPA3BENoMNLIN Kanan, npeodpazyviowui eozdeiicmsue
wemounuRa yupyeux korebanuid {exodnot cuznan) e ceficMopazaedounyio
ungopmayio {emxodned cusnan).

CeiicMopasseIodHEI KAHAT COCTOHT M3 TPEeX NOCHENOBATENEHO Aefi-
CTBYIOWIHX mogcHcTeM (pHe. 2), TlepBoii M OCHOBHOH H3 HHX ABISCTCH
obverm uccredosanus — celicMozeonozuNeckan cpeda, M. e, 2eono2uNeckan
G

Baegdedus

Cefcmn-
YECKoe
nane

CeRcMOresnor-
YECKMA KaHan
CefcmoparnicTpu-

PYIOLLMA KaHan
Cedcmoobpaba-
TEIBAKLLMA Kasan

CeRcMopasBenoqHei Kanan

Puc. 2. CTpykTYpa celcMopaseqovHOro kavana

cpeda & moM Gude, KAk 0a NPoAGTAEICS Npu HopMUuposaniiu ot ynpyaux
wonetauud, Bo3sHUKaIOUIee B HEKOTOPOH TOYKE CPedbl MO MOMHD C4H-
TaTh PEIYIBTATOM MPOXORIEHHA HMITYIBECA HCTOUHHKA Yepes npocmpan-
cmgenno ozpanwieninii 06wvem cpedst — celicMoreosorHyeckuii kanan. Ctpo-
eHHe CpefEl B Npefleiiax 3Toro ofbeMa ApnseTcs Toi nHpopManyeH, KOTo-
pas H3BIeKaeTcd U3 ceficMOpasBel0uHEIX HADIIIONeHHH.

Ceitcmudeckoe mone cnyxuT sxonHoll nndopMaumeii ana sTopoil noa-
CHCTEME] — CeffcMOPErnCTPHPYIOMIET0 KANAMA — LHEmpYMenma uccaedosa-
Huli, KOMOPIT BRTIOUAENT MEXKUKY, MEMOOUKY 1 MEXHOA02WIY NONEGHIX Pa-
fom. Ha seixomne ceiicMOperucTpHpYIOILErT KaHATA MONYYaI0T celfcmimec-
Kie 3anucy — ceficozparmmel, CTyKalme sxofHoi nHdopMannedi tna Tpe-
Thell nogcHcTeMsl — ceiiemoobpabaTeiBatomero kanana, CeliemooGpabaTei-
BAIOLMI KAHA — COROKYNNOCIE CPE0Cims 1t Memodos npeobpazosaniu u ana-
A3a 3ApecucMpuposatioil 60110801 Kapmutsl LA NOMYHEHH cecMHYec-
koro H3oOpamenns 00BEKTA, CONPOBOKIAEMOTO KOIHYECTBEHHBIMH OLISH-
KaMI1 €r0 TEOMETPHYSCKHX H NeTpoiHIHYECKHK CBOHCTE H HX reoNioriuec-
koil uHTepnpeTalyei. 3TH MaTepHansl 0DPAIYIOT celfcMozeoN0ZUNECKY 0
sodens o6 BEKTA HCCTEIOBAHNIT H ABNAIOTCA Pe3ynbTaTOM paboTsl (BRIXOA-
HEIM CHTHAJIOM) BCETO ceficMopassenouHoro kanana. Ero dynkiHoHHpo-
BAHHE JKOHOMHYECKH ONPaBIaHo NPH YCIOBHH, YTO CTOMMOCTE MOy EH-
Hoil reonorxdeckoil HHdOPMALIUM NPEBOCKOINT PACXOAEL HA NPOBEAEHHE
celcMopa3BeIkH.

Teopun ceficmo2eaNo2WNECKO20 Kanaig OCHOBAHA HA aHANH3IC BIAHMO-
cBA3eil Mexay QH3HYECKHMH CBOJICTBAMH reo/IOTHYECKOH CPelikl H Xapak-
TEPHCTHKAMH BO3HHKAIOWIEro B Hell mona ynpyrux xonebannii. Ananuz
CTPOMTCA HA PELIEHHH TAK Ha3BIBAEMBIX NPAMBIX 300ay — pacuemax ¢0no-
gatx nogeli dag sadaunsx ceficmuvecrkux modenesi (uacts [, rnaser 1-6),



I H. Baranuk, WM.W. Mypery

Teapiin ceficmopeucmpup ) ioweae Kahala PaccMaTPHBAET CHHTES METO-
JIHEH, TEXHHKH H TEXHONOTHN NoneBsx HabMoAeHni, NOo3ROIAI0IHX C HaH-
MEHBLIMMK FATPATAMH IOIYUHTE TOCTATOMHO NoAHy HEdopManuw ob
HCCIEOYeMBIX BONMHOBRIX Nomax (vacTs 11, rmaser 7-9).

Teopun ceticmoobpabamplaaioueso Ratuia coMeTaeT cunTes obpabdatel-
BAIOLIMK NPOLEnyP ¢ aHanu3oM X dderTHBHOCTH NP reonorHueckoi
HHTEPIPETALIHH MOIYYASMBIX PE3YILTATOR, DTa TEOPHA CTPOHTCA HA pe-
WEHHI ofipaniielx 3aday — onpedenchu CMPoeiia celeMozeorDzuHecKux
obwexnog no nabaodaembim soanoasim noaim (vacTs 11T, rmaser 10-17).

[MpakTuvecKoe CTAHOBNEHHE CeficMOPA3BENKM KK NONEBOrD reodu-
THUSCKOTO METONA OTHOCHTCA ¥k Havany 20-x rr. npownoro sexa. Cuava-
14 OHa DAZHPOBANACE HA TEOPETHUCCKUX H METONHYECKHX MOCTPOSHHAX
CENICMONO2UI — HAYKI O GHYIMPEHNEM CMPoenuy naanemsl Jesns, usyuaemon
no natmodermy seavtempacenutd. K navany XX Bexd 374 HAYKA JOCTHIIA
HEMANIBIX Yerexon Gnaromaaps paboTaM kpynHBIX ceficMonoros — B, Tyten-
Gepra, X. Txeddpuca, A. Moxoposuunya, B.E. Tomuieina u ap. Beina
BRIABICHA IMoBANBHAA CTPYKTYPA IUTAHETHI, MMEIOWEH KOPY, MAHTHIO H
AApo, H IOKA3AHA BOIMOMHOCTE ONPEIeIeHHA MECTOMOICKEHHA TPannL]
pasgena B rnydHHAX 3eMIH IO 3AMHCAM YNPYTHX BOJIH, PAcpoCTpaHamn-
LHXACH 13 OUATOBE 3EMIETPACEHHI.

PyamaMenTanbioil prinko-MaTeMaTHYeCcKo# ocHoBoil, obwwel nna ceii-
CMOJIOTHH H CEHCMOPAIBEEAKH, ABMIIACE KITACCHYECKAA TEOPHA YIPYTOCTH,
cozgannan B XVII-XIX sekax Tykom, Kowmn, IyacconomM, Pencem.

OBmHOCTE MHOMHX 3AKOHOMEPHOCTEIH PACTIPOCTPAHEHH BOJIHOBLIX KO-
neBanunil paznuamoi grangeckol NpHPoOEL NO3BOIHIA YCIEUHO HCNONb30-
BATE B celicMopa3BeIke Tydepsie M AHpaKuHonHEe MeToisl, pazpaboTan-
ueie B onruke eute B XVII sexe Tpyoamu Crennuyca, @epwma, [ofrenca 1
paseuThie B Havane XIX nexa vecnedosannamy Mpenena v MpayHrodepa.

[Tepeble NpenIo®eHHs HCIONB30BATE HCKYCCTBEHHO BRI3BAHHEIC YIIpY-
rie koneDaHna 118 M3y deHs 3EMHEIX HeIp B PA3BEI0UHEIX Uenax OLUTH cle-
nanw P, Peccennenom no orpaseHHiiM BomHaM (1913 r,, CLHA) 1 JI. Mug-
TPONOM 10 NpenoMAeHHbIM BoHaM (1919 r., Tepyanus). B naweii crpane
TIATEHT HA METOJ OTpaeHHEIX BonH 0511 nonyded B.C. Bowouknum B 1923 1.
Tloneere ceiicvopassenounsie pabotel MITB Grne snepBrie NpoBeIsHEL B
CIIA e nauane 20-x rr. u 8 CCCP - 8 konue 20-x rr. [L.M. HukudopossiM,
C navana 30-x rr. 8 CIIA ctan uaTeHcHBHO passuBathea MOB, B 1934 1.
nepsble Habmonenna 3THM MeTogoM Geuth caenadsl B CCCP TLA. TamGyp-
ueebM, JLA, PabuakuneM 1 ap, Braroaaps cBOMM QOCTOMHCTRAM METOI
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Beaadenue

OTPANKEHHEIX BOIH K KOHUY 30-X roooB 3aH:AI INABSHCTEBYIOUIEES NO0MKEHHEe
B pasBenoyion reoduinke.

Bonpliyio polik B PA3BHTHH TEOPSTHHECKHX, METOINYECKIX, TEXHHYE -
KHX OCHOB CEliCMOPA3IBEIEH 1 ee MpaKTHUYECKO peanuiauuy B Hawel cTpa-
He CRITPANH TPYIOel akageMuka [puropus Anexcannposuyda FamGypuesa
(1903-1955) u ero yuennkos — H.C. Bepzon, A.M. Enunareesoii, KO.B. Pua-
HigeHED 1 ap. B roaw Beankoit OrevecTsennoil BoiiHel coBeTcKMe ceficMo-
PAZBEIMHEN TPOEETH MHOTOHHCIEHHEIE HOCIEIOBAHNA B HOBBIX PErHOHAX,
SABEPLIMBIIHECH OTKPRITHAMH He(pTEra3osbX MECTOPOM ISHHI.

B nocnepoeHHEBE OO MPOHIOMITO NEePeOCHAIIENHE cellcMIYECKIX
napTHii Ha Da3c MHOTOKAHANBHEIX ceficMOCTAHUMIT M BHEIPEHHA HOBBIX Me-
TOIHK B [IOJEBEIE HAOMOMSIHA H MUTEPNpeTalHIo ux MaTepiaios. [pone-
XOAMIA CIEUHATH3ALHA CeHCMHMECKHX METOIOE VT4 PELIEHNA BOZPACTAIO-
wero Kpyra reonorudeckux 3agad. CeiicMopasBera BBILNA Ha aKBaTO-
PHH BHYTPEHHHX H OKPaHiHbpX Mopeil. Bo secex pernoHax GBUTH cO3aHEL
NPOH3IBOACTECHHEIE OPraHM3AUHKH — OOBeIHHEHMA, TPECTEI, IKCISIHIIHH,
IaHMMaILHecs ceiicMudeckoll pazsenroil pasnHYHOTO HASHAYMEHNA, TIPEH-
II¢ BCEMD — PErHOHAIBHEIMH H NOHCKOBRIMI paboTaMH Ha HeTh H ras.

B cromuie B KpyIHEHILMY MPOMBILIEHHEIN HEHTPAX OPCAHN30BLIBA-
JIHCE HAYUHO-HOCIEIOBATENBCKHE HHCTHTYTEI, B KOTOPBIX paipabaTbipa-
NHCh BamHeiinme npobnemsl ceficMopasseard. Cpead HHX 3acTyseHHbIi
ABTOPHTET NPHODPENH KOMIEKTHER HCCIEM0BATENEH, CO3NANHER B CHCTE-
me Axamemui Hayk CCCP 1 BrIpOCIINe B HAYYHEIE 1UKOJEL, BOICNABIAS-
MbIE HIBECTHBIMH yueHbIMH — Hucrntyr dmauxn 3emnn (H.C. Bepaon),
Wueturtyt reonorid ¥ reodmzuki Cudnpekoro otaenenus (H.H. [Tyani-
pen), Jlenuurpajickoe oTAeNeHHe MaTeMaTHYeckoro HHCTHTYTA (I.H. Ier-
pauens). B oTpacnessix MUHHCTEPCTEAX Hanbonee KpyTHEIE HAYYHEIE KO-
NIEKTHBEI ceiicMopaipeq4HEOB ObUTH opranmiosansl 3 Mockee so Beeco-
I03HOM HAYYHO-HCCIEIOBATENECKOM HHCTHTYTE Teo(HINYecKNX METOLOB
passenkn (BHHMHMeodwmznka) Mmireonorun CCCP 1 nosaxee B Lent-
pansHoil reoduznueckoil skcneguium (LII2) Munnedrenpoma CCCP,
CeficMopazseIouHas TeXHHKA pazpadaTelBanack H-HATOTOBNANACE KOHCT-
PYKETOPCKHMHE H DPOW3IBOACTBEHHBIME NPEIMPHATHIMHE, CO3MAHHBIMH B
Mockse, Jleunnrpane, Capatose, Kpacuonape, Apmasupe, HopocnGupe-
ke, Domene, Pure, Denenpsure,

B pazenTH celicMHYECKHX METOJOB PAZBENKH AKTHEHO YYACTBOBAIN
HAYYHEIE KOMIEKTHERL, CO3IAHHEIE TPH reopH3IHYeckiy Kafeapax BeICIINX
yueOHEIX 3ABSICHNN — VHHBEPCHTETOB H TEXHHUECKHX HHCTHTYTOR, Cpenu
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nepeblx Hanbonee HIBECTHE CBOHMH HCCENOBAHHAMH Mockorckuii, Jle-
uurrpajackuii, Hopocnbupekuil, Capartoecknii, [lepycknii rocynaperseH-
HEIE YHHBEPCHTETEL Cpell TEXHHYECKHX HHCTHTYTOB (Tenepb HA3bIBAIO-
UIHXCA YHHBEPCHTETAMM MAH akajeMHAMH) MHOTHe paspaboTkH no ceiic-
MITMECKOH TEMATHEE BRINOMHATHCE B MOCKOBCKOM TeoNoropassefodHomM
uncturyte (MIPH), Mockoeckom Hedranom uactutyTe (MHH), Jlennn-
rpafckoM H CeepamoBckom ropHeix HucTHTYTax (JITH B CI'H). 3npecs
YMECTHO OTMETHTE, MTO NMEPBEIl B cTpane reodmanyeckuii paxynesrer, npH-
3BAHHBII TOTOBHTH, B YACTHOCTH, HHKEHEPOB-CEHCMOpasBeauHkoB, Obin
opunnanero cosgan B 1930 r. 8 MIPH. Tenepe 3To — Poccuiickuii rocy-
AApCTREHHEI reonoropazeenounstil yausepentet (PITPY), koTopslii s8-
TASTCA SOHHCTBEHHBIM B CTPAHE BY30M, I7IE HMESTCA CAMOCTOATENBHEIH 1e0-
ipuznuecknil GakyneTeT.

B 60-x rr. celicMopassenka Nepellia oT MpaMoil ocunnnorpairaeckoi
perncTpaimu KonebaHuil ¥ BOCIPOH3BOIHMOH MAarHMTHOI 3amucH. 310
MO3BONHIO ABTOMATHIHPOBATE 0bpaborky nonessx MaTepuanos MOB,
Gnaronapd ueMy ¢ TOH NOpHl WHPOKOE PACTPOCTPAHEHHE NOMYYUHIT BBICO-
koadipexTBHBI MeToa ofiweit royGuanol Toukn (MOIT), npennoxen-
uetii B CIIIA ¥, MeitnoM 8 1950 r, B 3TH e roIw B IONEBLIX paboTax
CTAIH YCIEMHD HCMONBI0BATRCA YIAPHEIE H BHOpALHOHHEIE HCTOYHHKH
YIPYTHX BONTH, COKPAINad MPHMEHEHHE OMACHBIX M HEIKOMOTHYHBIX BIPEIE-
HEIX BoaneiicTenii. B Moperoil ceiicMopaspeike B3pEIBHEIE HCTOYHHKH OBITH
3aMEHEHE! THEEMATHYECKMMH H WIEKTPOHCKPOBBIMH,

PeponolMoHHOE SHAMEHHE HMEN Nepexo B 70-X IT. Ha BRICOKOTOUYHYIO
unpoByio 3anuck konebanuil BMecTo ananorosoi. OQHOBPEMEHHO MH-
TEHCHBHO Pa3BHBANKHCH pasHoobpasHble npHeMel 06paboTEH MONEBEIX Ma-
TepHalos Ha IBM, HCIONBIYIOMIME DOCTHREHHSA BRIYHCIHTENbHON TEXHH-
KH, TEOPHH HHGOPMALHMH H MATEMATHYECKOH CTATHCTHRH, Pe3ynsTaTsl ceii-
CMHYECKHX HaOIIOOeHHI CTAIH NPeICTABNATE B BH/AE ITHHAMHYECKHX (BOJ-
HOBBIX) Pa3peios — HATTAOHEIX M BRICOKOMHBOpMATHEHEIX W00 pameHnii
reoloriueckix ofeexToR. Bee 3To coenano BOIMOMHBEIM IJs CeHCMOPA3-
BEJKH PEIUSHHE HEMOCTYIHEIY MIPEKIE 33134 TPOTHOIHPOBAHHA JIHTOMO-
rHYECKOTD COCTABA M He(hTera3oHOCHOCTH INyDOKO 3aNeralomnx oTnome-
HHii. CelicMopazpegka ceIrpana BaXMHYIO POIE B OCBOSHHH KpPYNHEHINX
He(TerazoHOCHEIX NpoBHHIMIT B 3anaaxoii 1 Boctounoit Cubupy, [osen-
#wee, [Ipukacnuiickoit snagune, Tumano-TleyopckomM peruone.

B 80-90-x rr. so Bce BO3PACTAIOMINX MPOM3IBOACTBEHHBIX MacuTabax
CTand npusMensrs 3D ceficMopaspeary — MIOWAIHEIE CHCTeMB] Habmone-
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Baedeuxue

HHl TpexMepHoll ceiicMopassenku. B otnnune ot 2D celicmopazsenxn —
TPaIHIHOHHEIX HAONOeHHil N0 oTAenbHEIM npohuIaM — 06 BeMHad cefi-
cMOpaiBeka 00CCneYnBAST BEICOKYID TOMHOCTE IIOMCKOBEIX M JICTANIBHBIX
HCCTIENOBaHHI CTOMHEIX HeTerasosslx 00BEKTOB Name B HeGnaronpuaT-
HEIX CefiCMOTE0I0rHYeCKHX yemoBnax. Jna aTux paboT co3naHa CrelHans-
Hag anmapatypa cbopa nonesoill HHGOPMALMK — CBEPXMHOTOKAHAIBHEE
TENEMETPHUECKHE PErUCTPHPYIOIIHE CHCTEMEL, ITO3BONAIONIHE OAHOBPEMEH-
HO 3aNHCHIBATE CeiicMH4ecKne KoNeDaHMA B TRICAYAX TOUYeK HAOIIOMEHHA,
ANnapaTypa NOMTHOCTRIO KOMIIBIOTEPHIHPOBAHA H cnocodHA K aBTOKOHT-
PONID H ABTOHACTPOMES NoO 3amanHol nporpamme patot. OHa obecrneun-
BAET HEMOCTHAKHMYIO NPEXIE TOMHOCTE 3AIHCH MONHOIO BEKTOPA CeficMH-
YECKHX KoneDaHHIH.

B nocneanee necaTHIETHE B MPOH3BOICTEBEHHOI ceficMopasBeike Lnpo-
KO [IPHMEHAIOTCA HOBBIE METOIBI TPEXMEPHBIX npeobpasosanuii MaTepHa-
JIOB MIOIAAHBIX HAGMIOAEHHIT ¢ HCMOIBIOBAHHEM MOLIHEIX KOMIBIOTED-
HuIx cHcTem. [Monyyaembie ofbeMuble H30BpaKeHHA BONHOBBIX TIOMEHR —
«CeACMHYeCKHe KyObI» MOIBEpraloT rnyGoKoil H TOHKOH HHTEPIIPETALIHH C
MOMOLIEIO CNEUHANBHLIX MPOTPAMMHELX CPEICTE. ZTO MO3BOMAST B HCCNE-
OYeMOM reQIorHUeCKOM NPOCTPAHCTEE BOCCOZIABATE CTPYKTYPHO-TEKTOHN-
UeCKHE, reoMopdonornueckue H IMTONOro-(halHaNkLHEE NANE0yCoBHA bop-
MHPOBAHHA OCATOUHEIX OTIOREHHI H OLIEHHBATE COBPEMEHHBIH (IIOHIHELR
cocTas HedirerasonepenekTHEHLIX TacToB-Komnekropos. Jannsie 3D ceil-
CMOPA3BS/IKH CTIH HCMONB3I0OBATE I11A MOACUETa 3AMAC0B YIEBOI0POI0E,
THAPOIHHAMHYECKOTO MOASNHPOBAHMA MX 3a/eked, IPOSKTHPOBAHHS 0~
OBIMH HedyTH H Ta3a, 4 TAKKE IIH MOHHTOPHHTA (QIIOHIHBIX HIMEHSHUIH B
NPOAYKTHEHBIX [UTACTAX B NPOLECCe IKCIUIYATALMH MECTODOMKISHIA,

PHe. 3 IeMOHCTPHPYET BOIMOKHOCTH COBPEMEHHOH celicMOpa3BeIkH B
OTHOLIEHHH IMYOHHHOCTH H ICTANBHOCTH H3YYSHHA CIIOKHEIX Fe0I0rHYec-
kux 0bsekTOB, [T0KA3aHO BePTHRATEHOE ceueHNe (paspes) ceficMHYecKoro
KyDa, NocTpoeHHOTO o JaHHEIM 3D chemun B [Tpukacnuiickoil BnaguHe,
Paapes rnybunoii okono 8 kv oTofpamkaeT cTpoeHHe 0CANOUHON TOMNILH,
KOTOpas Npopeada H 1ehopMHPOBAHA MOIIHEIMH CONAHBIMH KYTOTAMH.
OcnosubiM o0beKkTOM HedTerazononckossx paboT ABnAoTcA rayGokHe
MOACONEBEIE OTIOMEHHS,

TeopeTHyeckie H NPaKTHYECKHE ACTIEKTH celiCMHYECKOro MeToa pas-
BeJOYHOH reodH3HEH HIToMeHE! B Monorpahmax [58] u [39], npuueM s noc-
NenHed PaccMOTPeHE! Takme ceilicMonornyeckue uecnenoranus. Borato
HILTIOCTPUPOBAHHOS yuebHoe nocobue [3] cogepsuT 0630p OCHOBHBIX 3Ta-
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Puc. 3. CefcMHYeckiii pazpes B CONAHOKYNONLHOM padoHe

OB PAIBHTHA METOAHKH H TEXHHKH ceficMOpasBeIki M noapodHele cBele-
HIl O CeficCMUHecKOH annapaType — OT NMepBRIX cellcMocTaHIMi 10 COBpe-
MEHHBIX TEMEMETPHYECKHX pErHCTpHpYyRommx cucTeM. Tlonesnas nnop-
MALMA MO OCHOBHBIM BOTIpOCAM ceficMopaiBelnkH NPeICcTABIEHA B CIIpa-
sounnkax [47] u [16]. B HacTosmem y4ebHHKE CCBIIEH HA JTHTEPATYPHEIE
HCTOMHHKH JaHB TOABKO 118 KHIDKHBIX M3IAHUIN H IPHYPOYEHE! K HATBA-
HHUAM Pa3Ienos ITaB,

12

Yacts . OPU3HKO-re0IOTHYCCKHE
OCHOBBI CEiiCMOpPa3BeIKH

Inmasa 1. CeiicMHYecKue BOJIHBI
B D.Il.Hﬂpﬂ,II,HHX E[]EI[E[X

BearpaniyuHasg oJHOPOAHA CPela CIyRHT DYHIAMEHTANBHON MOIENEI0
NpH M3YYEHHH OCHOB NPOLCCCOR 0DPAIOBAHNA H PACTIPOCTPAHEHHSA YIIPY-
THX BOJH, Hi KOTOPEIX Ga3upyeTcs celicMopaiBenka.

1.1. Boanw B abcomoTHo ynpyrux cpenax [3, 20, 42, 43]

B HacTosumeM pasiene BEPATUE HAT0KEH B OCHOBHEIE ACTEK TR PACIIPO-
CTpAHEHHA CEHCMHYECKNX BOMH B OQHOPOIHBIX A0CONIOTHO YOPYTHX cpe-
nax. CHeoOxoguMol nonHoToH 3TH BOMPOCE PACCMOTREHE B ME0puN ROAR
FHPYEUX G001, H3IYUEHHE KOTODOH NPeecTBYET IHCUHIUIHHAM celicMopas-
BEIOYHOTO ITHEA.

Cpeda seinemes abcoMOTHO ynpyroil, eciy cozracko 3awony I'yka cy-
Hjl'.’fn'!ﬁ_]ffﬂl' RpAAAMOT Np(JH{JﬁL{H{JH{L‘TbHG:’.‘HIb ME.TJ’E&_}? CITHOCUIMTEADHBLIMU c,we:qe-
HUAME €€ Hacmuy — NeQopMALNAMA H mIbla@ouiny WX culamy — HANMpA-
sennamu. TTpn stom deghopaayun ucuesarom HOIHOCHIBI0 1 MZHOBERND TIOCTTE
NpekpaleHia AeficTeis BHelHIX cill, Korma 9T cHIbl Mansl 1 OedCTEYIOT
KPATKOBPEMEHHO, MHOTHE PEATbHBIE CPEBI MOTYT C JOCTATOMHOH CTENEHBIO
NpHOMHKEHHA PACCMATPHBATECA Kak afconioTHo yIpyrie, B xnaccuyeckoi
TEOPHH YIIPYTOCTH AHANHIUPYIOTCH NeNPepuIsuble CIIOUHBIE cpedsl, T. 8. HI-
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HOPHPYETCA KOPOYCKYNAPHAA CTPYETYPd PCajibHBIX BELIECTE. Tem ne me-
HEE, il?}’HIl.ElMEHTHJTLHHI[‘. BRIBOJIE! 3TOH TEOPHH OKAZBIBAIOTCH BO MHOTOM
NPHMCHHMBIMH K PEAIBHBIM CPEOAM, B TOM HHCMIE — K FTOPHBEIM NOPOOAM.

I1.1.1. Boanoaoe ypasnenue.
ITpodoabHbie B nONEPEHbIE GOINBI

B aficomomuo ynpyzoll oduopoduoii u uzomponnoii cpede B 00MACTH, TOE
OTCYTCTBYIOT BHEIIHHE CHJIBI BO3ICHCTBHA HA CPefy, pacnpocTpaHeHHe
VIPYrHX (celicMHMECKHX) BOMH ONHCHIBAETCA NHHeinniM gudiepermani-
HEIM YpaBHenneM Junamudeckoro pasnosecus Jlama:

v
l+2u§md‘d{vﬁ + % rot rot W= E_;—‘:, (1.1}
t

COe & = & (X ¥ 2 ) — BEKTOD CMELLEHH YACTHL CPelikl Noj AeiicTBHeM
MPOXOAAIEH BOMHBL, HIMEHAIOUIHICH BO BPEMEHH { M IPOCTPAHCTEE X, , ;
A u L — nocrosuneie JIama, onpenenseMele YNPYrUMH cBOHCTBAMMN Cpenbl
(rrocToAHHAS L HAZBIBAETCA MOJIYJIEM CABHIA); p — MIOTHOCTE cpedkl. Kon-
CTAHTEL A M [L MOMHO BRIPAIHTE HEPE3 XOPOILO HIBECTHEIE H HMEIDUHE TPO-
CTOi (pU3MMecKHil CMEBICT YIPYIHE NapaMeTpsl cpensl — moayas I0nra (E)
1 koddupuunent [Myaccona o:

ol S e vibkodng
“ro)i-20)'" " “20+0)

(1.2)

Moayne HOHra xapaktepusyeT CONPOTHRIEHHE YOPYIOTo BellecTBa
pacrarusaomeii (cxumalomeii) cune. OH UHCIEHHD PABEH HATIPAMKECHHID
(cune, neficTeylomeH HA eJHHHYHYIO MIOWAIE ), IPH KOTOPOM 00BEMHEI
SNEMCHT BEIIECTBA BABOC PACTATHBAETCA (CaMmaetcd). B peanbHeix be-
IECTBAX, MATEPHANAX H TOPHBIX NOpojax Moaynbs FOHra MoweT paimu-
4YAThCA B COTHH M ThicAauM pa3. Kosdwpnument IMyaccona xapaktepusyer
COOTHOILEHME MEHKIY OTHOCHTENLHBIM MONEPEYHBIM CHATHEM (pacTaxe-
HHEM)} H OTHOCHTENEHHM NPOACALHEIM YAJIHHEHHEM (COKpalleHHEM)
0GBEMHOO 3IEMEHTA BELICCTEA, BeMunna ¢ H3MEHACTCH B Npeienax ot
0 ac 0,5,

BexTopHoe nmone § cMELEHHA MACTHLL CPEABI MPH YNPyrux konebaun-
AX ABIAETCH CYMMOH JBYX COCTABNHIONMY — MOTEHUHANLHON Hp M BHXpe-
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naaea 1. Cellcmuveckue sonHel @ 00HOPOJHEX cpedax

Boit ifg . [lockoneky div ity =rot i, =0, u3 (1.1) nonyyaiorca dea nesasy-
CHMBLY BOJINOBRIX YPABHEINA:
1 9%,

*’3“#=E = (1.3)

[a+2y _JE -0

o "=y p “Vp+o)i-20

w kAW

Aitg =——E%, (1.4)
' TV o

s S E_JE 1
& S Vp  Vp 240

B otux cooTHowennsx anddepeHunansusii onepatop A =2a%/ax® +
+32/0 y* +3%/0 z* - nannacuan. Cnenosatensho, & meepdoii 0dxopoduoii
UIOMPONNOE cpede MOV HEIAEUCUMO PACTPOCHIPaAMBCR 60 BPEMEN U
npocmpatcmee dea suda ynpyaux eozmyngenud — npodarsiian eonna P u no-
nepeunan eoana S,

IMponoannan Boana BeRBaHA deghopmayuamu ofbeMa 3a CHET MOCTYNIA-
TENBHOTD JIBHAKEHHA YACTHIL CPEILI B HANPABIEHHH PACHPOCTPAHEHHS YII-
pyrux konebanmii, 31eck NPOHCXONAT ABIEHHA NOKANBHOTO CKATHA H pac-
TAXKEHHA BELIECTBA D3 MIMEHEHHA NPAMOYTONBHON (POPMBL EIo JMeMeH-
TapHeix obeeMob. Tlosromy P-ponny HAa3BIBAIOT TAKKE BOJAHOM cmaTHn
(womnpeccnn). Ha puc. 1.1, @ B III0CKOM CEYCHHH CXCMATHYCCKH TTOKAZAH
xapakTep aedopMaliHi AEMEHTOR CPE/B! TPH NPOXOKICHHH P-BOIHEL, HME-
toweii dopmy oanoro nepnona cuHyconasl. [TpooneHele BONHE pacnpo-
CTPAHAIOTCA CO CKOPOCTBIO Vp, ONPENENAEMOi YIIPYTHMH H MIOTHOCTHEL-
MH CROMHCTBAMH cpeast, cornacho (1.3).

IMonepeunas Bosma BBI3BAHA dehopuayuamuy Gopmbi, T. €. MATIBIMH Bpa-
WIATENBHBIMH ABHAEHHAMM (NOBOPOTAMI) YACTHL CPEIL B MIIOCKOCTH, TIEp-
MEHAHKYIAPHOR K HANPABICHHIO PACTIPOCTPAHEHHA YNPYIHX KoseDanuii,
3necs MPOMCXOAAT ABNIEHHA TOKANEHOH Ae(hOPMALIHH NPAMOYTONBHBIX 31Te-
MEHTOB cpeisl Des nameHenna ux obwemon. IMosToMy S-BonHy HaskIBAIOT
Tak#e Bosinoi casura (ppamenns). Ha puc. 1.1, 6 B niockom ceuyeHHH cxe-
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a
Uelr}
el
"‘L\.._H___‘_‘_._'_._._,FFF_#_H_,.-—'—'—-—...__‘_‘_H_ 3 T
ﬁ -l T L1 =1 =
N AT Uslr)
-] LT AT i
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- T T T T
S A e e

Puc. 1.1, Xapaktep nedopmayuil ynpyroi cpegel
npy pacnpocTpaHeHuy ceRcMUYEcKoR BONMHE!;
& = NpoaonsHod P; § — nonepeyHoil S

MaTHYECKH MOKA3aH Xapakrep AehOpMaiii JIeMEHTOB CPEakl NPH Mpo-
XOWIACHHH S-BONHEL, MMelomed GopMy OIHOTO NepHoad CHHYCOMIE, TTo-
NepeyHbie BOJIHBL PACIPOCTPAHAIOTCA CO CKOPOCTBIO Vg, ONpeenaeMoil
YOPYTHMH H INTOTHOCTHRIMH CBOHCTBAMM cpensl, cornacHo (1.4).

IMpogonexas BoNHA BCErAa paclipocTpanseTea OLICTpee, YeM None-
peuHas B Toil Xe cpene:

ve . |21-0) =42, nockoneRy o = 0. (1.5)
Vg 1-2a

{lonepeunsie somnul he pacnpocmpansomen (vo=0) ¢ dcudkux u 2azoof-
pazusix cpedax, rae cnaboe CUenIeHne YacTHIL BELLECTRA He obecneunsaeT
Mepenayy CABHTOBLIX AedopMaliii.

Omnocumenshsie uzmenenua 00vema u opmvl ITEMENMOE YNpyaoii cpe-
dbl AP APOXONCOSHUU CETCMUNECKUX G0N YPEISHINALiNG Mabl, COCMABIAN
comsle, mulcaynsie doay npoyenma u menee, Ha puc. 1.1 pasmepsl nedopma-
UMH OYEeHB YTPHPOBAHEL PafH HX HarmsanocTH. Maneiit yposers ceficmu-
YECKHX fepopMaliii ofecneynBaeT X NPAKTHYECKH NOMHYK 06PATHMOCTE
B PEAJTBHBIX CPEIAX, YTO MO3BOMAET ONHCHIBATE BOJHOBRIE TPOLECCH] B HHX
NHHEHHBIMH yPanHeHHAMH.

JIMHEHHOCTE BOMTHOBLIX YPaBHEHHI 03HAYAET, YTO MPH PACHPOCTPaHE-
HHH CeHcMMYecKHX KoneGannii codmomaeTca NPHHUMN CYNEPno3HIRE —
HezqaucuMoe Hanoxcenye [unmepdepenyun) aonn, EHISAHHLIX PATAUHBIMY
UCITONHUKAMU,
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lnaga 1. CelcMudeckue aonHe 8 odHopodHbx cpedax

1.1.2. Cipepuneckue 804H6l 1t UX HCMOYHUKH,
Irockue soans

Hoeanvnsiit uznysamens npodomsuslx eoan — nyascHpyioman chepa, k
NOBEPXHOCTH KOTOPOH H3HYTPH NPHI0KEHO pagHanbHOS TABNEHHE, HME-
101[ee HMITYIBCHBIT XapakTep. Benoy ceprueckoil cumMeTpun uetounn-
Ka Mofe CMEEHRI up(r, 1) B ORpYyxalOMeH Cpee 3aBHCHT TONRKO OT pac-
CTOAHHA P TOYKH HaOMoNeHHs oT uenTpa O clhepHuecko NoTocTH odara
pamuyca R (puec. 1.2, a). ITone cMelueHnii HAXOMAT pelIeHHeEM BONHOBOID
ypasHeHus (1.3). DTo peleHHe COAEPHKNT JBa CIATAEMEIX, OMHCHIBAIOLINX
H3IMEHEHHE (POPME! M HHTCHCHBHOCTH BOMHEL ¢ YBENHYEHHEM PACCTONHHS 7
no ucrounuka. INepeoe cnaraeMoe onpenenseTcs HMNYILCOM JABIEHHS B
ouare 1 6picTpo YOBIBAET C yjaseHneM oT Hero kak J/rl. Bropoe cnarae-
MOE OTNPEAEHALTCA NPON3BOIHON 10 BPEMEHH OT ITOCD HMOYALCA B YOk
BAET ¢ paccToanneM kak I/r. B nenocpencrsennoii 6anzoctd ot ouara dop-
Ma M HHTEHCHBHOCTE Konebannii nimensioTcs 3a cueT oboux (akTopos.
Ho y#e Ha yoaneHHsx MOpAIKa LUTHHBL BOJIHEL H §0JIee HaTyqaeMele Kole-
GaHMA NPAKTHYECKH ONPEIENAIOTCA TONBKO BTOPHIM CIATAEMBIM H HX dop-
Ma B abcomoTHO YNpyroil cpele ocTaeTca HemsmeHnoil. B sroii obmacT,
HA3BIBAEMOH daished 3onol ucmoynuka, oOBIMHO W NPOBOJATCA ceiicMo-
passenounsie HabmoneHn. 3aeck BEMHYHHA CMEIIEHHA YaCTHI] CPEIBI OTIH-
CBIBACTCH MPOCTOH 3aBHCHMOCTEIO

i
up () = ap(r)fl1——) = == f(r=-L, (1.6)
'VF r !’P

rae fit) - opma xonebaHuil, 3aBHCAIAR OT XapakTepa JeiicTByIOUE B
HCTOYHNKE CHITBL d(!), PA3MEPOR OYara M YNPYrux CBOICTB CPelbl; apy =
cpRiYp —vcxonnas ammanTyaa KoneGanuii. OHa NPONOPUMOHATLHA, C He-
KOTOPBIM KO(MPHUHEHTOM ¢ p, pAAHYCY Ouara R u 00paTHa aKycTHYeCKoi
WECTKOCTH CPElbl Yp — Npoussedentio HIOIMKOCHY cpedbl HA CKOPOCIb 801-
16l 6 Hell: Yp = prp.

PacematpupaeMslii HCTOMHHK ARIAETCA ANAeiinsM npeoGpasosarenem
IHEPruM Bo30YMAEHHS OYard B IHEPruio P-BONHEL, Beakuii sunetinstii npe-
0OPAzOEAMENs ROANOCIABIO ONUCHIBACINCR CEOEI KOMRTEKCHOT Yacmomuoi xa-
paxmepuemuroll H(W), wreiotwets ammaimyouyio & azos o cocmaatalouie.
AMIUIHTYTHO-YACTOTHAS XAPAKTEPHCTHKA, T. €, MOJY/1b KOMIUIEKCHOI ya-
croThoit XapakTepuetiky [H ()], onpeaenser 3aBucHMOCTE OT YACTOTH ©
OTHOMWEHHA AMIUTHTY TAPMOHHYECKHX KoneDanHil Ha BRIXO/IE 1 BXOIE mpe-
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a & 8
h
|Hetng) | il
A b
0,z
0,4
g ff..--"
0.7

Puc. 1.2. Chepu<eckuid anydaTens NpoaoneHeIX BONH:
8 — MoOens odara; o - AMNNUTYAHO-HACTOTHRIE XapaKkTepUCTHEN,
g — BpEMEHHbLIE X3aPaKTEPUCTHEN

obpasosatens, B gamiom cnyuae Bo3gelicTEHEM HA BXOOE ABAReTCA hyHK-
LM JABNEHIH, TeHCTBYIOWAN BHYTPH 0uara, B KauecTse peakuymy Ha BEI-
Xo[Ie npeoOpa3loparend yAo0HO PACCMATPHBATE HE CAMY (DYHKLIHIO CMElle-
HHSA YACTHL| CPEABl 1 p(1), & €8 NPOH3BOAHYIO, T. €. (PYHKIHIO CKOPOCHIN CME-
uenun gp(t) = dup(t)ld(), MOCKONBKY HMEHHO 3TOT NapaMeTp konebanmii
ODBIMHO PErHCTPHPYeTCH NpH celicMopazeelounpx nabmonennax. B Ta-
KOM CIYYAe ammwaumydno-4acmontinaa xapakmepuciika cepuneckozo ue-
MOYNUKA NPedeTBHLEY 80TH iH P [m}| uMeenm ceoticmea QUINMpPa 8CPXNUX a-
chom. Ee ynoGHo NpeAcTasuTh Kak (hyHKIHIO OTHOCHTENBHOMN YacTOThI
Np = 0lwgp:

2
|HP("3]|=|HP{TIP}|: :P:F m— (1.7)
\]r':l"rh* 7 +dnPp

2de ap = llyp, Pp= opluge 3nece Wyp = 2vg (R — vacToTa cobeTBEHHBIX
Kosedanuil ouara (Kpyropas) u 0p= Wypvg/ vp— Ko3dduument 3aTyxanns
ovara. Cornacuo cootHoweHuio (1.5), keadhunuenm omunocumensiozo sa-
myxanus ovaza i, we npesocxonut enwuuust 0,707: B, = Vg /Vp = ],‘r J2

Ha pue. 1.2, 6 n306pameHsl HECKOIIBKO YACTOTHBIX X4PAKTEPHCTHK cie-
PHYECKOTO H3My4aTens NPH PasiHUHBIX 3Ha4eHuAx napamerpa Pp. Kak
BH/IHO, PH TPAHHYHOM 3HAYEHHH [}, = 1/V2 xapaxtepucruka paBlioMep-
Hd Ha 4acToTax phie cobeTsennoi, roe np > 1. C yMeHbLIEHHEM BeTHYH-
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Mnaea 1. Celdcsmuveckue eonHel @ odropodnelx cpeday

HBI 3ATYXAHHS XAPAKTEPHCTHEM NproBpeTaioT Bee GoNee pe3oHAHCHBIH Xa-
paKTep B OKPECTHOCTAX COOCTBEHHOH HACTOTEHL

Ecmu dynkuma nasnenna d(f), soafy#kaaiomas oyar, HMeeT xapaxrep
DYEHb KPATKOBPEMEHHOIO OJHONOIAPHOTC HMIYIRCA (THOA S-(yHKimm),
To hopmMa YyOPYyTHX BOJH B JafbHeH 30HE HCTOYHHKA ONpEAENfAeTcd ero
cobeTBeHnBIMI Koebanuamn fip(f). D1y QYHKIHIO MOKHO MOMYYHTE MTy-
Tem obpaTHOro npeodpazosanua (Dypbe 0T KOMIINEKCHOMH YACTOTHOH Xa-
pakTepHcTHEH wanyuatens Hp(w). OyHxumio hip(f) HASBIBAIOT TAKKE Bpe-
MEHHOH XApaKTepHCTHROR MCToYHMKA, B manHoM ciydae oHa ONMCHIBAET
H3MEHEHHE BO BPEMEHH CKOPOCTH CMEIEHHA YacTHIl cpensl hp(f) = gpll)
Ha puc. 1.2, s nokasadsl Heckonbko GyHKUKRI A p(f) TPH pasiiYHbIX 3HAYE-
HHAX OTHOCHTENIBHOTO 3aTyXanus fp.

HMunyapcHEIR ceficMHYeCKH HCTOYHHE, HAYHHAA C MOMEHTA BpeMeHH
{ = 0, Hamy4aeT B OKPYKAIIYID cpey ofepHecKyio NPpoaoILHYE BoTHY P
JUTHTENBHOCTBIO 8t p, KOTOPAH PACTIPOCTPAHAETCH BO BCE CTOPOHE! TPOCTPAH-
CTBA CO CKOPOCTBIO Vp. B moboit MoMeHT BpemeHH ¢ > 8t p ofacms cyije-
CMEOBAKIR BOIHBL tMeen dhopmy chepuneckozo clon ROCHORKHON HOTULHBL
8rp = vpdip. B nuiockom cevenun oH m3oOpaxen Ha puc. 1.3, a. Hapyocnas
ROREPXHOCTTL CA0A PAIMYCA Ty, = Vpl HasniademcA QPonTOM BOJHBL, GHYVITPEN-
HAA NOBEPXHOCHS CAOA PATHYCA Fp = Vp (f — 81 p) HAIBISAEMCA THIIOM BOTHBI
Ha ymaneHmsax oT HCTOMHHEA r > rg, KoneOaHHA OTCYTCTEYIOT, MOCKOIBKY
BOJTHA TYIA €lle He JAOME; HA YIANEHHAX OT HCTOUHHKA r < rp KoJeDanis
OTCYTCTBYIOT, MOCKOABKY BOJIHA TaM yae npouutd. JJuuul, opmozonatbHble

Puc. 1.3. PacnpocTparneHue cthepryeckoi
NpoaoneEHoR BONHE B OQHOPOOHOR cpene:
a — cithepu4ackid cnof; § — xapaKTep CMEWEHUA YACTHL, Cpeikl B Cnoe
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YacTe |. Puanko-reonorHdeckue 0CHOBL CEACMOpa3Bedku

HOSEPXHOCITAM (PoNma (Mbiia) 1 yrazsemolijie Hanpasienie pacnpocmpa-
HERUA INEPLU YRpY2ux kotebarut, aeastomen Ty4amu. B ganxHoM cnydae oHm
PAIHANBHO PACXOIATCA M3 LEHTPA HCTOYHHEA, CMEMenin vaciminy wiompon-
nod cpedst ipu npoxoxcdenid npodoasiiotli soansl geezda nanpasrenst edois
AVHEN, 191 €. 3N goUTia SETRCICH TNETHD NoJIAPHI0BANNONH,

Ha pue. 1.3, & nna ypennueHHoTO (iparMedTa cepHHecKoro cnos mno
TPEM COCETHHM JIYHAM IMOKAIAHE] HANPABICHHA H OTHOCHTENBHEIE BETHYH-
HBEI CMEMIEHH YacTHU Cpelbl NPH NPOXOMASHHHE TPOLOIBHOH BONHEL,
BenencTeHe B3aHMHOTO cOMIKEHMA WK ¥IMEHHA KONeBIIUHACA YacTHI]
BHYTPH cifepHYeckoro cinos obpasyioTed KOHIEHTPHYSCKHE S0isl CHNCamus
t pactAMcents, MEPeNYIOIIHECH YT ¢ ApyroM. B jaHHOM npUMepe TaKHX
30H 3/€Ck YETRIPE, NPHYEM ¥ (IpONTA BOJHE PACTPOCTPAHASTCA 30HA Ciita-
THA, 8 ¥ TEIA BOJIHEL — 30H3 PACTAREHHI,

Kak cneayer us (1.6), avnwnanyda ceficmuneckux xozebanui yowsaem no
Mepe VOQRehia ont uerountkg, xoma & afcomnontne ynpyeoti cpede oneyn-
CHIEVION Hemnepu ynpyaoil siepaii, 3To ABIEHHE 00BACHACTCH TeOMETPH-
HECKHM pacxoiRaennem GpouTa BONHBL B [POUSCCE B8 PACTPOCTPAHEHHA,
H3-33 4ero IIOTHOCTE 3SHEPTHH koleDanui B ciepHyYeckon ClIoe OCTeneH-
Ho cHimaercd. Jeilcreurensio, B OTCYTCTBHE NOTEPDh MOMHAR IHEprua £
BO30YHISHHEIX HCTOYHNKOM Konebannil ocraercd HenaMenHod, [Tpu sTom
ofbenm H clhepiueckoro ciod MOCTOAHHOIH TOIHHE dr p BOBpACTART TIPA-
MO MPONOPHHOHANEHO KBAAPATY DACCTORHHA & OT MCcTOMHHKA: Wi(r) =
4?1:r23rp. Tosromy nnoTHocTs sueprin J(r) = E/W(r) yGueaer kax 1/r2,
T. €. AMIUTHTYAA YNPYTHX Konedanuii a(r) =,/J(r) YMEHBILIAETCA ¢ pacCTO-
AHMeM kak 1/r. DTa 3apHcHMOCTE oToDpamaeTea dopMynoii (1.6).

Bonuosoil npolece H300paRaioT B MPOCTPAHCTES HIH BO BPEMEHH ©
MOMOLIE IPpadHkes NpodHis BOTHEL HIIH 3aMHCH BAHLL Tlpodmas soa-
HBL — u p(r) noxassieaem o1 Qurctposannozo mosmenma spemeri (1 = const)
JABHCUMOCIL BETUYHHBL f.ﬂfrl’u[ﬁ‘”!fﬂ W CTW {'P{?d[ri o ux pa(.‘fﬂ!ﬂﬂ.l_rh'}{ {J{,:I W=
moeynuEa, 3To — kak Obl MrHOBEHHAS (pOoTOrpathHd BONHOBOTO NPOLECCH
(puc. 1.4, a). Paccrosnne MekIy cOCEIHHMH OHOMMEHHBIMH JKCTPEMYMa-
MU NPOGHIS (MAKCHMYMaMH HIIH MHHHMYMaMH ) HA3EIBAIOT BHAMMoil (npe-
obaanawnmeit) nanHoil Boans A Kawasiit skcTpeMyM P-BOJHEL ClymuT
rPaHHLESH MEEIY COCSIHHMH 30HAMH CHATHA H pacTaxenua. Xapawmep-
bl MOYKH Hpouaa somisl (IKcmpesymbl, Hyau) Hazsisaiom ee Hazamm.
[loBepxHOCTE, Npoxonallas B IPOCTPAHCTEE Yepes ONpee/enHyio dasy Bol-
HEI, HOCHT HaspaHue u3odalonoii. B nanHoM ciyyae MHOKecTBO H3odhazo-
BRIX NOBEpXHOCTEN 06pasyeT ceMelicTBO KOHIIEHTPHYECKHX ciep PAITHYHEBIX
20

naga 1. Celicmudeckue G0 § 09HopadHex cpedax

& Ul
A
t = const
a =
T
Y
=Ll
uglf)
P =
A Ty ———t
r=coanst
0 o = =
b fit, ———
L i
=gt}

Puc. 1.4, MaoGpaxedie NpogonsHoR BONHE!
a-— np{:ul'.tm]'lb BOMHE, § = 3aNMCh BONHGL

PaIMYCOB — B 3ABHCHMOCTH OT YIANCHHA KOHEPETHOH (a3l BOMHEL OT HE-
Tounnka, Paccrosnne 8rp = rg, — Fp ECTh NPOTHKEHHOCTE KoJlehanuii.
3anuck BOINLL— u (1) nokazsisaem dn durcuposannoti mowsku (r = const)
cpednl IAFUCHMOCTTE SEMUNBL €6 CMEN[ENUR 0N peseii. DTo — PasBepTRa
g0 BpemeHH konebanmuii oHoOI yacTHuH cpensl (puc. 1.4, 6). Hurepsan
BPCMEHH ME#IY COCRIHHMH OTHOUMEHHBMI daszaMu konedanuii (MakcH-
MYMAMH HIM MUHHMYMAMH) HASEIBAIOT BRAHMBIM (NpeolIaiaomnmm) ne-
proaom Bostast (7). OGparnas semumna v, = /T, — 370 enanmas (npeoi-
Aamaoman) qacrota konedannii, Kax n ans npoduid solHEL, Xapakmep-
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Mnaea 1. Celcmuyeckue 80nHE & 00HDPOGHX Cpedax

Hble MOMKN €€ 3anucy (3xempeMymsl, nymi) nassieaom gaszasvu soanst. Mo-
MEHT /4, HAuaNa KojieDaHuii B TOUKE HAOMOMCHNA ARISETCA BpeMeHeM BCTyI-
Aenna (hpoHTa) BOMHEL, 8 MOMEHT (1 — BpeMeHeM MpeKpallenus (Thita) Ko-
nebanuil. MuTepsan Bpemenn 8fp = 1.~ 1y, €CTh AMTEILHOCTE Koebanuii.

Crejiyet OTMETHTE, YTO ONpPEIENEHHS «BHAMMELD MK «npeobnamato-
LR, KOTOPBIE NPHAAHE BOTHOBBIM NapaMeTpam (A1HHe BOTHEL, TIEPHO-
1y, HACTOTE) BECMA CYIIECTBEHHEL, 3TH MAPAMETPH XaAPaKTEPHIYIOT 316ch
KoneGaTelkHEIE MPOIECCH], HE ABNAIOIIHECT HCTHHHO TIEPHOIHYECKHMH H
rapmoHHyecknmi. Ho Tolnkko ana rapMonuyeckux konebanuii koppexkTHo
HCTIONL30BAHHE YKAZAHHLIX NapaMeTpos 0e3 NOMOMTHUTENEHBIX ONpeaee-
Huit. Hanpumep, s crausoHapHOro cHEYCOMAAMEHOTO KoneGanna Be/H-
HHHA MEPHOA HEMIMEHHA, 4 71 BOJIHOBOTO HMIY/ECA OrpaHHYeHHOH L1H-
TENBHOCTH BETHYHHA BHINMOTO NEPHOMA, HIMEPEHHAN 10 Pa3NHYHBIM da-
3aM Konebanns, MOXET OKa3aThCA COBCEM HE O/IMHAKOBOIL.

Hoeansuvili uztywamens nonepensix som — Konebmomancs cihepa, co-
BEPIIAIOLIAA MAJIBIC TOBOPOTEI BOKPYT HeKoTOpoii ocu (pue. 1.5, ). B npu-
TeraouleH TBEPIOH Cpele NpH 3TOM BOIHHKAIOT Aed)opMalMy caBHra 3a
CUET KACATENBHEIX (TAHFEHUMANBHBIX) CHI (1), BO30YHICHHEIX TIOBOPO-
Tamu cdiepsl paguyca R. PacnpocTpaHsiomanca oT HCTOUHHKA Molepey-
Has BonHa S obnanaer ocepoll cHMMeTpHEl OTHOCHTENBHO OCH ABHKEHHA
ctepel z. Bextop cmewenus ig(r,Y,1) pacrnonoiken B NIOCKOCTH, MepIeH-
AHKYNAPHOH K OCH Z, OPTOTOHANBHO K PANHYCY — BEKTODPY 7. 3Mech ¥ —
Yrosl «IIHPOTHE B ClhepHYECKOIl CHCTEME KOOPAMHAT, OT KOTOPOTO 3aBH-
CHT aMnnuTyaa HaGnoaaemMeix KoneGannii,

Ilone cumemmennii nonepeyHoil BOMHE HAXOIHTCA PEHICHHEM BEKTOPHO-
0 BONHOBOrO ypaBHeHHA (1.4). B nanbueii 30He nerodnnka, T. €. Ha yoane-
HHAX OT Hero, MPEBOCXOAALIMX [UTHHY BOJNHBI, BEMHUHHA CMELIEHHS YAC-
THIL Cpenbl BRIpaxaeTcs PopMynoii:

us(r, Y, ) =as(Msiny £ (t——) = 28 sin y 1 L) , (1.8)
Vg r Ve

Cg =
The dgp = —— —HCXOJIHAS AMITIHTYIA KonebaHHii, ¢~ HEKOTOPAadA KOHCTAH-

v
Ta, fl) - £u§ma koneGanuil, onpesienseMasn XapakTepoM IBHAKCHHA ciheps,
B2 PAIMEDAMH H YIIPYTHMH CBOHCTBAMH CPEIILI.
Hanyyatens nonepeunsix BONH Kak MHHeRHbI npeobpazoeaTens noa-
HOCTBIO OTHCEIBAETCA CBOCH KOMIUIEKCHOI 4acToTHOI XapakTepucTHKOI
Hg (). Ecrn sMecTo (ynxumm cvemenns ug (f) paccMaTpusaTs ee npoms-
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P uglr 1. f)

Puc. 1.5. Chepudeckan NnonepeyHan BoONHA:
a - poaBysaeHWe BONKHL konebGnowedca cihepol; 6 — NONe CMELEHWRA
8 cthepUYeCcKoM cnoe

BOAHYIO, T. €. )YHKLHIO CKOPOCTH CMelenns g5 (¢) = dug (1)/dt, To vacroT-
Has xapakrepuctuka Hy (w), nogobHo paHee paccMOTPEHHOH XapaKTepH-
CTHKE MCTOMHHEAD TTPOLOIBHBIX BOMH, HMEET cBolicTBa (HNBTpa BEPXHHX
uacToT. CobeTBennas YacToTa Wy M KOIPHUIMENT 3aTYXaNus o5 chepu-
YECKOIQ HCTOYHHKA NONEPEYHEIX BOIH PABHEL

V3
‘-ﬂns=ﬁ%- Wy= Wi P« (1.9)

[Mepeiina Kk OTHOCHTENBHOI YaCTOTE 1 g = W/Wy; H OTHOCHTENBHOMY KO-
3QHLHEHTY 3aTyXaHus fg =g /@ys = jifz =()},866 , MOMHO MOCTPOHTE
AMIIHTYIHO-UACTOTHYIO H BPEMEHHYIO XaPAKTEPHCTHEN HCTOYHUKA S-BOM-
HEl HamoaoGHe PACCMOTPEHHOTO paHee HCTOYHHES P-sonusl. [TpuHIIHIN-
ANBHOE PAITHYHE 30eCh COCTOMT B TOM, 4TO OTHOCHTENBHOE 3aTyXaHHe
HCTOYHHKA P-BONH BAPEMPYET B 3ABHCHMOCTH OT CKOPOCTHBIX CBOHCTE
cpenst (Bp = vg/vp) H HE MoMeT NpesbiaTh BemHuuHLL By = 0,707, Iina
chepHHeckoro HCTOMHUKA S-BOMH KOIPUUHEHT OTHOCHTEIBHOID 3aTYXA-
nus pukcnposan (Bg= 0,866) u npepocxomuT Py, MO3TOMY ero cobcTreH-
Hble KOMeBaHHA JOMMHEL 3aTYXATE OTHOCHTENEHO DeicTpee. H3 conoctas-
nenud (1.7) ¢ (1.9) cnenyer Tarske, 4TO B 0AHOI M TOH #*e cpene np pas-
HBEIX BEMHYHHAX paguycoB R MISanbHEIX CEepHYECKMX HCTOMHHKOB Npo-
AOMLHEIX M MONEepeYHEIX BOMH cOBCTBEHHEIE MACTOTEI ¥ NEPBLIX BEILLIE, YeM
¥ BTOPBIX: Uy /Wy =4/3/2=03866.
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Buipasenne (1.8) onuceisaer pacnpoctpatenie cdepuyeckoii noneped-
HOil BOJIIBI CO CKOPOCTLIO v, Konebanua JUMTeNBHOCTEIO 8f ¢ CYIIECTBYIOT
B cpepueckoM cnoe ToUHHON brg = vo Oty Toukn cpeapl BHYTPH 3TOIO
CIOA, HAXOIAUIHECA HA OIHHAKOBOM YIAJTEHHH OT HCTOYHHEKA, HCMIBITLIBA-
10T cundazuele konebaHMA, XapakTep KOTOPLIX Noka3an Ha puc. 1.5, 6. Mak-
CHUMANEHAN AMIVIHTYA cMetennil uabnolaeres B TOMKAX Hil IKBATOPH-
ansHoit mnockoetH (Y = 90%). B nonapueix Toukax Ha ocH z (Y = 0) amnnu-
Ty cMeleHnit Hynesas, C yaaneHHeM oT HCTOUYHHKA HHTEHCHBHOCTE BOJI-
Hbl YOLIBaeT Kak 1/r H3-34 reoMeTPHYECKOTO PACKORISHIIL.

Pacemompennas RONEPeian 8oala AaIRemea AHelinoe NOTAPUIoaaniof,
MOCKONBKY TPACKTOPHH JIBHAKCHHA YACTHLL CPe/ibl npaMonuneiine., B nan-
HOM Cyuiae Konedauua NHHEHHD NOAAPHI0BAHEL B TOPHIOHTAIBHOM Ha-
npasnedud. B obuwes cnyuae TpaeKTOPHA CMELLEHHS YACTHIL B S-BOMHE,
OCTABAACE B MUIOCKOCTH, NEPNEHAHKYIAPHON K HANPABISHHIO Y42, MOXET
HMeTh Bonee cnowHyio hopMy — KpPYrosylo, 3JUTHITHYecKYI0 H 1p. Torng
PACCMATPHBAETCS COOTBETCTBYIOLIAN MOMSPHIALHA NONepeunoll BOJIHEL,

Ha Gonsiuux yaanennss ot jioboro chepiueckoro HeToMHnER (F — s2)
KPHBH3HA (hPOHTL BOINMEL CTAHOBUTCSH HESHAYHTENLHOI M €10 NOBEPXHOCTE
NPaKTHYECKH BEIPOXIAETCA B IIOCKOCTL. B Taxkoii naockoii Boane amnin-
Tyaa koneGaHHIl He HAIMEHASTCH C PACCTOSHUEM, TIOCKONBKY FeoMeTpHUCC-
KOE pacxodmaenne necyuiectserno, ITosroMy cMelenne YacTUIl CPeibl,
PACIIONOKEHHBIX BB HEKOTOPOTO JIY* 4 NNOCKOH BONHBL, MMetomweii dop-
My konebanuii 1), onHCLIBAETCA COOTHOLIEHHEM:

u(r) = ag f{r—fl- (1.10)

rAe dy — aMImuTyAd KonebaHuil, v — CKOpOCTh PACNPOCTPAHESHIS BONHEL,
(Popmyna (1.10) cnpapeuinea Kak s npoaoasnoil (v = vp), TaK U A1
nonepednoi (v = vg) poansl, IpH aToM B P-BonHe cMelLEHHA HATTPABIICHE
BAOJE JIy4a, 4 B S-BOJIHE — NepHeHIHKYIAPHO K HEMY,

B cucreMe npocTpancTBEHHEIX KOOPAHHAT X, ¥, 2 NOBEPXHOCTL GpoHTa
TUIOCKOH BOJIHBL 3/1a€TCH CBOMMH HANPABIAIOMHMH KocHuycamu k., k,,
k., {.fc_,‘:1 + kf + 22 = 1). Bonxa pacnpocTpaHseTca BAONL NAPAIENbHEIX
ny4eil, OPTOTOHANBHBIX K MI0CKOCTH e¢ ponTa. PaccTosHne BAONB 3THX
nyuei papo r =k, x+k y+ k.z. Benuunna cMelleHHA YACTHIL CPEBI PH
HBHAEHHN NIOCKOI BOMHEL CO CKOPOCTBIO ¥ NIpecTannseTcs GopMynoii:

kx-’:"'k;.'."*'kzz)

ulr)y=ay f(r— (1.11)
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Mnasa 1. CeldcMmudyeckue oMb 8 00HOPOOHEIX Cpedax

Ecau murencusiocts 0 dopma koneGanui nnockoil BOMHB HEHIMEHHEL
BO BpEMEHH W MPOCTPAHCTBE, TO OHA HA3BIBASTCA IVIOCKOI oqHOpoanoil BoJ-
Hoii 1 npeacrasnser coboll caMyo NPOCTYI0 MOAENE YIpYrHx koseGarmii,
Bymyun matemaTHueckoil abeTpakuueii, 370 NOHATHE TEM HE MEHEE HIPAET
BAHYIO POJIE B TECOPHH H TPAKTHES CGﬁCMDPHSHMKH: BIAJH OT HCTOYHHER,
rjae oOerMHO HAOMIONAIOTCA cecMUMECKHe KOMeDAHA, PealbHBIE BOMHEL B
OrpaHHYeHHBIX 0BIACTAX NPOCTPAHCTEA 110 CROHM CROICTBAM HEPEIKO OKA-
3BIBAKOTCA JOCTATOMHO DIH3KHMH K NJIOCKHM OIHOPOIHEIM BOJIHAM.,

1.1.3. Hanpasaennocme ucmounukod.
Hpunnyun e3aumnocmu

Cipeprucckne BOXHE MOTYT BO30YAIATECH HCTOMHNKOM THIIA COCpe1o-
Toqennoii cuasl. [Tyets B Touke O DearpannuHoi 0QHOPOAHOH cpebl BAOIE
onpeleneHioro Hanpasienns geficrayer cuna g(t). Torga s oxkpysaloweit
cpese HE3ABUCHMO PACTIPOCTPAHRIOTCH JIBe ChePHYLCKNE BONHEL — ITPOJLONEL-
Hafd 1 nonepeunas (puc. 1.6). MUx mona cvewenuit B nansneii oue neroy-
HIHKA B HekoTopoil Touke C HA yIaNeHHH ¢ OT HEro ONHCBIBAIOTCH COOTHO-
HEHHAMN!

up(r, v 1) =222 cos y f(1——)

r Vp
_ 950 e
us(r, Y, 1) = = siny f(r "'s} (1.12)

rae app = n;’ PV, Gz = ﬂ,l'r p vﬁ s @ — KOHCTAHTA, f — YI'OJl MEXKLY Hanpasie-
HHEM COCPEAOTOUEHHOH CHIRL M Ty4oM B Touke Habmionennd, f{1) — dopma
koneGanuii. CMeltenns B NPOROILHOR M NONepeyHo BOIHAX UMEIOT oce-
BYI0 CHMMETPHIO M 00YCIOBIEHBl COOTBETCTBYIOUINMH COCTABARIOLINMIM
fp ¥ §s BexTOPa AeiicTBYIOWE CHIBL §: gp =g COSY H g5 =g sinYy, B Tou-
K¢ HaGMIOMEHHA CMELIEHHS 1 p HATIPABACHBI BIOMb JIY4a, & CMELUCHHA g —
NEPHEHIHKYIAPHO K JIy4Y.

OGe BONHBI pACOPOCTPAHAIOTCA B 00BeMAX ChepHHECKHX CIIOEB, TOMN-
HIHHE! KOTOPBIX NPAMO NPONOPHHOHANEHE COOTBETCTBYIOWEH CKOPOCTH,
Ha nocratouno GonblioM yIATEHHH OT HCTOMHMKA 0BNACTH CYLIECTBOBA-
Hua sonn P (1) n § (I11) pasnensiores 8 npocrpancree ceobonnoil oT Ko-
nebannii obnacteio 1. B nonsapHsIx Toukax H30(ha3oBeiX NOBEPXHOCTEH
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Puc. 1.6, BoaGywoeHwe BOMH UCTOMHHMKOM THNA COCPeAOoTOMEHHOW CHUNbLI
8 — AeRCTEYIWaA CANa W @8 COCTABNAKWMWE; § — pacnpocTpaHeHue
NPoOONEHOA M NONEPEYHOR BOMH W CMELLEHWE B HUX YAcTUU cpefsl

{y = 0} P-BoJHA HMEST MAKCHMANLHYIO AMILTHTYAY, & S-BOAHA — HYICBYIO
aMmnTyay. B skBaTopHansHeIX TOUKAX H30da3oBeIx nopepxuocteii (= 90°)
COOTHOILEHHE HTeHcHEHoCTel Bonk obpatnoe, [TpH paBHBIX yAaneHHAX
OT HCTOMHMEL MAKCHMAIBHBIE AMIINTYOE MOMepeitoil BONHEL IPEBOCK0-
HAT MAKCHMANBHEIE AMIUTHTY/ILI [IPOJONEHOM BOMNEI, MOCKOIBKY 3TH Be-

JNHMHHBL 00paTHEL 3HAYEHHAM v§ W Vi COOTBETCTHEHHO.

Bawmuoil xapaxTepucTukoit celicMHYECKOro HCTOYHHKA ABIACTCA €ro
HAMPABICHHOCTE, XAPAKTEPHCTHRA HANDABAEHNOCTH HCTOMHHKA — 3AGNHCH-
MOCIE GMILALMm yd CMELeHUT Ha U30MHa30esx NOSCPXNOCAX g0z yucodacamLx
SOAH OM HARPASTENUA UX pACHpocmpanenia. ITH XAPaKTEPHCTHEN yiaobHo
NPEICTABIATE B BHIE HOASPHLLY dua2pamm.

Herounuk P-ponsbl THIA nyascupyroieit chepsl obnangaer ueHTpaibHO
CHMMETPHeil, 1 ero XapakTepHCTHKA HANPaBIEHHOCTH o/iHopoaHa. Oxa nio6-
paaercs cepoil B TPEXMEPHOM NPOCTPAHCTBE H OKPYRHOCTEIO B CEMEHHH
moGoit II0CKOCTRIO, NPOXOAALILEH Hepes UEHTP HETOUHMEA (pHe. 1.7, a).

V uerounnka S-pondsl THIIA kKoneGmiouieiics cephl XxapakTepHCTHEA
HANpaBIeHHOCTH CHMMETPHYHA OTHOCHTENEHO OCH I H B TPEXMEPHOM Npo-
crpaHcTie HMeeT dopmy Topa. B moboM BEPTHKANEHOM CEUEHHH YEPe3 OCh 2
XAPAKTEPHCTHKA H30DpaXKaeTCA B BHAE ABYX OKPYHKHOCTEH, COIIPHKACAIO-
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a [ 8

® &2

5

Puc. 1.7. XapakTepHCTHKM HANPaenNeHHOCTH WAeanbHblX WCTOMHUKOB
B OAHOPOAHOR GearpaHWyHoil cpege:
8 = HCTOUHHK BONHE P TUNA NYNecHpyoued cdepl; § — WCTOUHWK BONHE
S tuna koneGnowendcn chepsl; @ = HCTOYHKWK BONH P W S THNa
COCPEAOTOHEHHOR CHMbI

LIHXCA B TOUKE, KOTOPAY, KAK H UEHTPLI OKPYRHOCTEI, JISKHT B 3KBATOPH-
ansHoit nrockocty Topa (puc. 1.7, 6).

Herounnk THna cocpenoToueHHON cunsl, aeficTeyiomeit snons ocH z,
Takxe obnagaeT ocepoi CHMMeTPHEN XAPAKTEPHCTHK HAMPABIEHHOCTH 1A
obenx Hanyuaemsix Boan — P u S, B rpexsMepioM npocTpaHcTse 3TH Xapak-
TEPHCTHEH H300paskaloTes OPTOroHANBHEIMH TOPAMH: BEKTOD COCPEA0TO-
UEHHO CHIIBI NEANT B IKBATOPHANEHOI NIOCKOCTH TOPA XAPAKTEPHCTHKH
LA P-BONH H NepneHaHKyIAPeH K IKBATOPHANLHOH NIOCKOCTH Topa Xa-
PAKTEPHCTHEM Uit S-BoNiHb, B ceueHuu BepTHRANBHON NAOCKOCTBIO 110
ocH 2 obe XapakTePHCTHKH HanpaBleHHOCTH H3obpaxaioTca ABYMS CO-
NPHEACAIONHMHCA OKPYHHOCTHMH, B C1yqae P-BONHEI HX LEHTPH pacio-
JIOXEHBI HA OCH Z , B CIy4ae S-BOITHBI — HA OPTOrOHANBHOM K Z HATIpABJIe-
uuu (puc. 1.7, 8).

ITycrs B aByX TOuKAX npocrpancTsa O H O, pasMelieHbl HCTOMHHK H
NPHEMHHUK ceHCMUYecKHX Konebanuil, npuyem B omHOM cyyae B O — uc-
TOUHHK M B Oy — IPHEMHMK, & B ApYroM cnyvae — HaoGopor. Jee movku, &
KOMOPBIX MeEHAIOMCR MECIAMU UCMOYNHUK 1 RPUEMNUK, NAIHIEQIOm BIaHM-
HBIMH ToEamu. Jns oanoil u Toil #e BonHe! NyTh npofera Mexay BIaHM-
HEIMH TOUKAMH HE 3ABHCHT OT MECTOIIONOMKEHHA HCTOMHHKA H NPHEMHHEA.
Orciona cinenyer KHHEMATHYECKHHl NPHILAN BIANMHOCTH, COTTTACHO KOTO-
poMy pemena npuxoda goans go eaumibie mowku pasisl. Junammiecknii
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NpPHHLHI B3IAHMHOCTH 3AKTIONAETCH B cOBatennn (opmel konebannii po
B3aMMHBIY TOUYKaX. ITpH oaHopoaHoi cpege ol cobmioaaeTes B TOM CIy-
Yyae, KODIA XapaKTePHCTHEN HATIPABIEHHOCTH MCTOYHIKOB H NPHEMHHEOR
BO B3ANMHBIX TOUKA CHMMETPHUHEI M0 OTHOIIEHHIO APYT K Apyry. B Heo-
JHOPOIHEIX CPEdax KHHEMATHYECKOH NPUHIHI BRAUMHOCTH TAKXKE J0M-
#EH BRINOMHATECH. YTo KacaeTcs THHAMHYECKOrD IPHHIMOA BIAHMHOCTH,
TO 30ECH OH MOGKET HE CODMIOMATHCH JLAMKE [TPH CHMMETPHH XAPaKTEPHCTHE
HANPABIEHHOCTH HCTOMHHKOR H IPHEMHHKOE,

1.1.4. Humezpaa Kupxeogha. Jona Ppenean,
Hpunuunvi Notizenca-Ppenean uw Pepra

M2 npHHLUHT CYTEPIIOSHIMH CISIYET, YTO NPH OHOBPEMEHHOM JeHCTEHH
MHOTHX 3MEMEHTAPHBIX ceficMuYecknX HeTounkkos O, (m =1, 2, .., M} none
YIIPYTHX CMELIEHHIT B ONHOPOAHOH cpeie Ha JocTATOYHO GoNLIIHX yaane-
HHAX ABIHETCA BEKTOPHOH cyMMOi KomeGanui, BL3BAHEBIA OTASIBHEIMH
HCTOUHHEAMH H PACIPOCTPAHAIOUXCA CO CKOPOCTBIO V!

i LTI Ey
u(rm.r}=r£%fm(r—7)+ (1.13)

IIg 1, — PACCTOAHHE OT TOUKH HabmiogeHus 1o Herounuka O, B ciyuae
HENpPEPEIBHOTO PACTIPEIENIEHHA MEMEHTAPHBIX HCTOYHUKOB B HEKOTOPOM
o0BeMe Cpelbl PE3VNETHPYIOLIEE NoNTe cMelleHnil nonyuaor B Gopme 1H-
Terpana 1o aroMy obeeMy, KoTopslil aHanorHYeH Beipamenuio (1.13) ana
IHCKPETHEIX HCTOYHHKOB,

Pyndarvenmatbiol ocHoaoll Meopult PACRPOCHIPANEHIA VRPYIUX BORN
caymcwm narerpan Knpxroda, On onpenenser noje eMewmenndt w (x, y, z, 1}
BO BHELIHEM MO OTHOLEHHIO K HCTOMHHKAM OIHOPOIHOM MPOCTPAHCTEE
NPH HEBECTHOM PACHpee/IeHHH BelHYHH cMellleH il 1 HX TPOH3BOTHEIX HA

HEROTOPOH 3aMKHYTOH mosepxnocTi O, ORpY#aomel HeTodHuKN:

1 d (1) I|ou| 1 or|ou
ulx, ¥, 2.1} = :IF;{‘!, {[u]a—;[;]—:[a—n]—;a—n[a]} dg, (1.14)

rie r— paccTodHie ot Toukn HaGmonenna C (x, y, £) 00 TOMEK NOBEPXHOC-
TH @, N0 KOTOPOi BENETCA HHTErPHPOBAHHE, ¥ — CKOPOCTh YNPYIoil BOI-
HBI; 1 — HANPARIEHHE BHYTPEHHEI HOPMANH K 3T0i MOBEPXHOCTH; BEITHYH-
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HbI, 3AKITIOYEHHDBIE B KBAAPATHEIE CKODKH, BRATH I8 ONEPEXAIMIHX MO-
MEHTOB BpeMeHH " = [ — rfv,

Humezpan Kupxzodha ssipascaem dugbparyuonyio npupody ceficmuves-
Kozo noas: cumewenue, habmodaemoe & nouke C, AGAAEMER CyRepHOIUYHE
MHONCECE koaedanul, NPUXOOMLUX K Hell o1 8CeX IREMENMAPHbIX ICIROY-
Hueog na nogepxnocmu Q). PeayibTATHEHOE CMELISHHE B TOMKE 3ABHCHT OT
pacnpeneneHnd Ha 3To NoBepXHOCTH HE TOMBKO CAMIX CMElenuii, Ho Tak-
AE HX MPOHIBOAHBIX M0 BPEMEHH 1 110 HOPMAIH K NoBepxnocTi. Hamosxe-
HHe KonebaHuil, ONHOBPEMCHHO NPHXOAANX B TOUKY C, MOKET NPOHCKO-
OHTE B OHHAKOBEIX HIIH TIPOTHBONOMOMHEBIX (ha3aX, COOTBETCTBEHHD YCH-
THBAA WAN 0Cnabias Ipyr Apyra.

[Tycte hazopast NOBCPXHOCTE RAOCKOT MOROXPOMAMUNECKOT GO QM-
nofi & B HEKOTOPOIT MOMEHT BPEMEHH COBMATAET ¢ GECKOHEUHO MI0CKD-
creio @ (puc. 1.8, a). TpeGyercs naiiti noxne & Touke C, PacnonokeHHO
Ha paccTosHu i ot mnockoctn Q. IpoeeneM u3 C cheprl paguycamu i +
M2, b+ R h + 302, .., h + mA2, xOoTOpBIE EpeceKyT MiockoeTh O o
KOHUEHTPHYECKHM OKPY:KHOCTAM € LienTpoM B Touke N. Kamaas napa co-
CEJIHHX OKPYRHOCTEH BELIENHET HA TIIOCKOCTH KOMBLO, HAZLIBAEMOE J0HOH
Dpenens. Kpyr, semouaromnii Touky N, Ha3uBaioT nepeoii 30H0i, coce-
HEE C HHM KOJIBLO — BTOPOii 30HO# 1 T. 1. B cooTBeTcTBHM ¢ dopmynoii
(1.14) crenyer npomsBecTH CyMMHPOBAHHE 3HAYCHHMIT GyHKIMH 1 U e npo-
H3BOAHBIX BOONE NOBEPXHOCTH (), KOTOPOE MOMHO 3AMEHHTE CIOWEHHEM
KoneGaHui, BEIMHCIEHHEIX T4 Kaunoil 3o0usl Openens. [TpuusaToe npasi-
JI0 BRIIENEHI 30H NPHEOIIT K TOMY, 9T0 koneDanns, Bo3bymiaemple co-
CEOHHMH 30HAMM, B TOYKe C HMEIOT NPOTHRONONOKHBIE a3kl 1 BIAHMHO
KOMOEHCHPYIOT ApyT Apyra. Benencrene storo Habnionaemoe B Touke C
BOMTHOBOE NMOJE MOKHO PACCMATPUBATE KAK PE3YILTAT BO3IEHCTEBHA TOME-
KO JMeMEHTAPHBIX HCTOUHHKOB, PACTIONGKCHHEIX BO 8HYIMPERREd notoaute
nepeott zonpt. Ipu BEIMOTHERUH yenosns A << h paguyc m-ti 301w PpeHens

pape r, =+'mih. [onosuny nnowanan nepsoii 3ous Cperens (m = 1)
A7 (IOCKOTT BOIHEL COCTABNACT aghherniusnan ofizacns & gopme kpyza

2 1
I = 1|'55'Lh . (1.15)

Cusicn opmynet (1.15) Takos: ynpyrue koneSaHus, TOCTHTAIOLIHE TOY-
KH HADITIOAEHHA, NPAKTHYECKH ONPEAEIAIOTCA Tl 0BNACTRIO BOTHOBOID
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C

Puc. 1.8. QudpakyroHHan npypoga ceACMUYEcKoro nons:
& — 30HbLl PpeHens NNOGKOA BONHL; & — NOCTPOEHWE BONHOBOMD hpoHTa
no npuHyuny Nodredca

moJd, KOTOpad paHee CYIIECTBOBANA HA YPOBHE MIOCKOCTH B nNpemgsnax

KPYTa Pamuyca fy, .

AHATOTHYHYIO 33/1a9Y MOKHO PELIATh TEM ke crocoboM B ciyyae cge-
PUHECKOL MONOXPOMAMUNECKON 801b], PACTIPOCTPAHAIONIEICA M3 HCTOYHH-
Ka O, KOoTOpHI HAXOOWTCA Ha paccToAHHM 2 oT Touku Habmonenua C.
Jina aToif ToukH paguyc sgghexmuanoll obnacmu na NosepxXuocmu {Hponma
cihepuneckold 60anbl IPH BIO YAANEHMH OT MCTOYHHKA HA PACCTOSHHE d CO-

CTABJIACET
1=l h4Zh-d) (1.16)
2 h

Kak euano, s6nuss Touexk O u C Havana W koHua ayua (d — 0 nan

d — 2h) shexrunnas obnacts pesko coxpamaerca (1S — 0), a maxcu-

ManLHOTO pa3Mepa OHA JOCTHTAET HA NOAMyTH npobera ponusl (d = h),
KOTIa

e =%J:E. (1.17)

Orciona cnenyert, uTo ofitacms odnopodnoii cpedst Mexcdy moukamu us-
Ayuenus u habmodenun, KOMOPas cywecmeenna dan pacnpocmpanenus cie-
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puteckoll 80Misl, npedcmasngsem coboil uzypy spawjenus sokpyz ayua nepe-
MENN020 paduyca, B0IPACHIION(ez0 om KONYos Ayua & e2o cepedune. M3 cpap-

venud (1.15) u (1.17) Buano, 9TO NpH PABHOM PACCTOAHHH OT TOYKH Hi-

DmiogeHus A0 GPOHTA BOIHEl HMEET MECTO COOTHOLLIEHHE r:l'l‘,‘ r:)‘? =42.

Pacematpusaemyto sdhdhexmusnyio ofinacms dopmuposanua eonnosozo
noas obwrino ynpowennio nazvisalom sonoi Gpenens, He YTOUHAN, YTO Pedb
HIAET O MOJOBHHE MITOWAAR Nepaoii 3ousl Ppenens,

ACHMITOTHYECKH — NPH HEOTPAHHYEHHOM BO3DACTAHHH YACTOTH KO-
neGanHuil — JIHHA BOMHEI CTPEMUTCA K HYIIIO BMECTE € PAamMycoM 3bdek-
THBHOI 0DmacTi 30Hsl Mpenens. Toraa MOXKHO CYMTATE, YTO YIIPYTHE KO-
nedaHHd PACTIPOCTPAHAIOTCA OT HCTOUHHKA B TOUKY HAGIIOACHHA 10 TIpA-
MO IHHUK, ABnA0melica nydomM Bonnsl. [TonyHeHHBIE OLEHKH XapaKTepH-
3YIOT CROCTRO JOKANLHOCTH, 3AKIIOYAIOWIEECH B TOM, 4TO HaBII0aeMule
B HEKOTOPOH TOYKE CpelBl YIPYTHe Konebaina onpeneatioTes BOTHOBEIM
NONEM B OrPAHHYEHHOH O0IACTH — B OKPECTHOCTAX /Iyya, MPOXOAIIEro
HEpes ITY TOHKY.

Huterpan Kupxroda (1.14) spnsercd aHATMTMYECKHM BRIPAKEHHEM
audipakuHoHHOre npunuuna ioiirenca-penensi: mouku epedsi, Komopsix
docmuzna celicMuNecKan 80MHA, CMARDEAINCA INEMENMAPHBIMI UCOHUKG-
M BMOPUHNBIX BOTH, USRYUAEMBIX & OKPYICalowee npocmpancmeo. Henpe-
PEIBHOE PA3BHTHE 3TOTO NPOLECCA PACCMATPHBACTCA KaK MEXAHH3M pac-
MpocTpaHeHua yOpyroi snepruu. Iofirencom Owpima H3yveHa KuHeMaTH-
HecKas CTOPOHA JIAHHOTO ABneHuA, PpeHels JOMOIHIT 68 OUEHKEAMH TH-
HaMHEH BOJHOBOTO NMPOLIECCa.

[pusunn INofiresca HENONB3YIOT W% ONpeleNeHns NONOKeHNH HpPOH-
TOB BOJTH B Pa3HBIE MOMEHTBI BpeMeHH. [lyers B MoMeHT 1, QpoHT BOMHEL
ecTe nosepxHocTs O (puc. 1.8, 6). IMonoxenne diponta ()y B nocnenyio-
WMl MOMEHT #; = {; + 81 HAXOJAT, PACCMATPHEAS TOYKH MOBEPXHOCTH o)
KK JMeMEHTAPHEIE BTOPUYHEE HCTOYHHKH KoleOannil, HAaYHHAIOLIHE Hi-
Ty4aTh B MOMEHT f|. K MOMEHTY {, BTOPHYHEIE BONHEI GYAYT HMETE clepu-
ueckHe (ponTe paguycom dr = vz, Orubarowas HX NOBEPXHOCTE {5, pac-
NOTOMEHHAS OT HCTOUHHKOB JAlbIe, YEM HCXOMHAA, ONPEAETHT MOIOM%e-
HHe POHTA BOJHEL B MOCHEOVIOMIHI MOMEHT ty dpyrasa orubaouan no-
BEPXHOCTE (), HAXOAIAACA OINKE K HCTOYHHKAM, MIOKAIBIBAET NONOKE-
HHe (PPOHTA B NPEIBIAYIILHIT MOMEHT [

Mpunuun Depma g ezo npocmedueii grapue 3aKmovaemcs & MoM, Yo
BpeMa npofieza 0L 800ML AYUG SEASEMCR HOUMEHEWLM N CPasnenu ©
spemenem npobeza edons mofiozo dpyzozo nynmu. Mopma myueii onpenenseT-
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A hopmoii n30(ha30BEIX MOBEPXHOCTEH, IOCKOIBKY ITH 3NIEMEHTBI BOJIHO-
BOTO MOAA OPTOTCHAALIE! APYT ApYry. JIyun MOMHO paccMaTpHBaTh KAk
HAMPABNEHHA, BAONIE KOTOPBIX B CPE/IE PACNPOCTPAHACTCA IHEPIUA YIIPY-
roil BOJIHEL

1.1.5. Feomempuseckan celicmura u ypasnenue sixondaa

TeoMeTpuueckan ceiicMiKa — Memod onucanus 80ANOGLLE NPOYECCOS, e
xodRwgull 13 npedcmasientin, WNe CENCMUNeCKan INEPIUA NPL pacipociipa-
nenun gomm e euixodum 3a npedeast ayuesol mpyoru. Jywesoii TpyGroii
HA3LIBAIOT NOKANLHYID 00MACTh NPOCTPAHCTBA, OrPAHHYEHHYIO JIYHAMH,
KOTOpHBIE IIPOXOAAT Hepe3 KOHTYP HeDONbIOH MIOIIANKH Hi NTOBEPXHOCTH
(ponTta. Ha Takux nocTpoeHHAX OCHOBAH 7)vesoi Memod OUEHKH HHTEH-
CHBHOCTH CEHCMMUECKHX BOJIH,

Fuepeud celichuneckux Korebamui CRAGOREAENCA U3 Kunemuieckol u
NOMENYHATHION COCHAERMIouIY, AMIUTHTYAL KOTOPBIX ATA TapMOHHYCC-
K0il BOIHEL paBisl My coboii. [TpH pacnpocTpaHeHui Co CKOPOCTEIO v
B Cpe/e I0THOCTBIO P rapMOHHYECKoe KOneOaHHE HACTOTH (0 M AMIUIHTY-
JIBI & COBITAST BEKTOP MIOTHOCTH NOTOKA JHEPrin P, aBcomotHoe 3HaueHmne
KOTOPOTO PABHO!

P:}ipumzaz. (1.18)

BonecTeHe reoMeTpHYeCKOro packosIeHHA NONepeynoe ceeH e Ty4e-
BOI TpyOKH N0 Mepe PacpocTPAHEHHA BOMHEI H3MEHAETCA, YTO CKA3LIBACT-
CHl HA TUIOTHOCTH NOTOKA 3HEPTHM, T. €. HA aMnnuTyae konebanuii. B vacr-
HOCTH, ¥ chepHHeCcKoil BOJIHBL B OHOPOIHOH Cpe/e ceusHne ny;ncuoift TpyD-
KH C ¥aICHHEM OT HCTOYHHKA Bmmcraer MPONOPUHOHATEHO £, H3-31 Hera
TUIOTHOCTh 3Hepruy yORIBAET Kak 1/ 1 aMIUIHTYAA BOMHE! YMEHBIIASTCA
kax 1/r.

Jyueaoii cnocol oyenku unmencusnocmu koefanut cnpasedius u das
HEOOHOPOINBLX cped NP HEKOMOPBLX 0ZPAHUNHBAIOINX VEA0GUAX! dauna eon-
1ibl A, doaxicna Guimb MaAa mo CPAsHERWe ¢ PAcCMoRNUAMU, NG KOMOPLLX 30-
MEMNO UIMENRIONES cBoLeNsa cpedbl, W RO CPAGHENIIO € PAOUYCOM KPUEUI~
Hbt uzoghazoswx nosepxnocmei. IlocnenHee osnauaer, 4To BOIHIM HCTON-
HHKa CTOJIb NPOCTOI cnocod OUEeHKH WHTCHCHBHOCTH Konebanuil okassl-
BACTCH HEKOPPEKTHBIM,
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AcumnroTHdyecku (npu A — 0) BONHOBOE YpaBHEHHE Pa3IeIAeTCA Ha
JBd YPaBHEHHA:

rad* = ¢ 2+ a1 3+ A3 2———1
J dx dy iz vi(x, v, 2)

(1.19)
AAL+2 (grad A, grad 1) =0,

raef ={(x, y, £} - EpeMa pacnpocTpaHeHns da3osoil NoBEPXHOCTH BOIHE
B HANPABNEHHH nyya, v (X, ¥, £) — CKOPOCTE PACOpPOCTPAHEHHS BOJHBI B
npocTpancTee, A (x, vy, z) — QYHKUHA PACTIPENENEHHA HIODAMIIMTYIHEIX
MOBEPXHOCTEH BOMHEBL, A — TaniacHaH.

Haz nepeoro ypasaenns (1.19) MoxHo onpeaenuTs NON0KERHE fpoHTA
BOJIHBL, T. €. 28 KHHEMATIYECKHE TAPAMETPEL, D10 — ypasnenue L arunsmo-
ng, Ha3LlBaeMoe YpaBHeHHeM 3iikonana (ypasueHHem nonsa spemen). Ma
proporo ypastenns (1.19) momHo HaliT pacnpeaeneHie HHTEHCHBHOCTH
BOMHEL A (x, ¥, Z), T. €. €& MHHAMHYECKHE NAPAMETPEL

1.2. Boausi B nornomwawomunx cpenax [14, 25, 53]

PeansHele cpeabl He ABMAKOTCE A0COMIOTHO (HIEAMBEHO) YIPYTHMH. 3TO
yTRepiACHIE TeM GoNee CNpaseUTHED B OTHOLWEHHH TOPHEIX IOpoI, obeld-
HO OT/IHYAIOLIMXCA HEOLHOPOIHEIM BELIECTHEHHEIM H (DATOBLIM COCTABOM
CBOMX KOMIOHEHT, CIIOMHBIM CTPYETYPHBIM CTPOSHHEM € €10 MIOMECTREH-
HEIMH HAPYILEHHAMH paznuyHore MaciuTaba, Tonsko NpH OTHOCHTENEHO
HeGoneumux paccroanusx npobera ceficMuyeckoii BoNnHLl MOXHO Npened-
peraTh 3THM ODCTOATENLCTBOM, AHANHIMPYS €8 OIHHAMHYECKHE NapaMer-
pel. TIpn 3uauuTensHoM myTH npobera BOIHEL B TOPHEIX Nopojax ofnapy-
HHUBAETCA, 4TO €€ AMIUTMTYAA YORIBAET C PACCTOAHMEM CHABHEE, YeM 3TO
0DYCIoBIeHO (PAKTOPOM MeOMETPHYECKOTO pacxoxaennd. B npouecce pac-
MPOCTPAHEHHA BOIHE! B FOPHBIX NOPOAK 3JAMETHO H3MEHARTCA Takxe (pop-
Ma konebGanuii, yero He gonkHo 6wThH B abcomoTHo yrpyroil cpeae. Yxa-
3aHHBIE 0COBEHHOCTH FOBOPAT O TOM, YTO B PEANBHBIX CPEaX, B OTNHYHE
OT HACANBHEIX, B IPOUECCE PACIPOCTPAHEHHA YNPyYroil SHEPrHK IpoHcxo-
OMT ee HACTHUHAA IOTEPH 34 CHET NEPEexola B Apyrue GopMel, Ipekie pee-
ro — B Tennobyw. Takue cpelsl HAIBIBAKOTCH NOTIOWANWHMH (IHCCHNA-
THRIHLIMH),
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1.2.1. Ceoiicmiea noziouaiowux cped

ﬂpwummmt P THIIOTES, OO BACHAIOUINK ABMCHHE NMOrA0MEHHA ynpy-
rHX KonaeDauuii B peanbHBIX CPefax, HCXONA M3 PAITHYHEX MoOenei ux
CTPOCHHA M Pa3HYHEIX MeXaHH3MOB npeobpaioeanus sveprun. Ognako
HH OJIHA W3 TEOPETHUECKHX MOaeneii He COrMACYeTCA NOMHOCTRIO © MHOMKE-
CTBOM 3KCMEPHMEHTANBHEIX JAHHEIX, HAKOTUIEHHEIX celicMopazeenkoiil. Dro
CBHIETENECTBYET O MHOTOOBPA3HN M CIMKHOCTH NPOLECCOB TOTTOLIEHM
SJHEPrHH B TAKHX HENPOCTRIX 00pa30BAHHAX, KAKMMH SBAAIOTCA FOpHBIE
nopoast, ITpu TOM, 4TO IRCHEPHMEHTANIBIIBIE TAHHbIE HE BCEra ONHO3HAY-
Hbl H HEPEIIKO NPOTHEOPEYHBEL, H3 HUX cleayloT ofUIiHe 3aK0OHOMEPHOCTH
1) MOrNoieHe YCHIHBACTCH © YBEIHYCHNEM YacToThl kKonebanui, 2) cxo-
POCTE PACTIPOCTPAHEHHA KoneDaHHi B NPHHLHME 3ABHCHT OT MX MacTOTE,
XOTA HAJEHKHO ONPEIe/THTE XAPAKTED 3TOH 3aBHCHMOCTH HE BCErIA YIAETCA,

Cpenu TeopeTHdecknx Moaenei HeabeomoTHo ynpyrux cpet Hanbosb-
LIge PAIBUTHE NOMYYHIN TE, 4HTO OCHOBANBL Ha THHERHOM CBAIN MemKIY Oe-
(POpMALHAMH H HANPUMEHHAMH, COrNacHo obobwennomy 3axony Uyka. On
YUHTBEIBAET 18 HeaDeoMOTHO YIPYIUX cpejl npouece uamenenus neop-
MHPOBAHHOTO COCTOAHKA BO BpeMeHH. (HanomuuM, uTo B abconoTHO yo-
PYCHX CPesiax 3To COCTOAHME YCTPAHASTCH MTHOBEHHO NPH CHATHH BbI3b-
Baowedi ero cunel). Takag cpeia HaswipaeTcs auneiino-ueynpyroii. 3necs
CNpaBe/IHBLEl THHElHBE YPaBHEHHA CMELIEHHA YacTHl H cobnloaaerca
MPHHLMI CYNEPIOIHLHA,

M ednopodnati uzomponnolt auneino-neynpyeoii cpedsl RoCMoRNNbIE
Hame (1.2) & ypasnenuu durtamuneckozo pasuosecus (1.1) emanossmesn com-
FACKCHBIME @CANYWIIOMI, HX JICﬁC'I'IlH'.ITJJIhIIUSI YACTE xa]ja“TCpHﬁ}fET }rnpy.-
IHe CBOMCTBA CPe/Ikl, 4 MHHMAA — €€ NOTTOLAIOUHE CBOHCTEA B 3ABHCHMO-
cTH oT vacToTsl. [Tornomwaiomnme cBoHCTBA Cpe/ibl N0 OTHOLIEHHIO K BOJIHE
ONPEASICHHOIO THIE, TPOAOILHOH HIH NONepeunoi, XapakTepHayloTca
YACTOTHO-3aBHCHMBIMH KOIQ(PHUHEHTAMH NOTACUIeHHs — (p (10) H OLg ()
COOTBETCTBEHHO,

B ucenenopannax npouecca NOTMOIEHHA celicMHYECKOi 3HEPriM HaH-
Donee H3IBLCTHEL TEOPHH YNPYTOrD NocneaciicTRHA ¥ Baskoro Tpenus. Teo-
P yupyeozo nocaedediemaus wexodom w3 CYEcnEosania Ynpyzozo 2uc-
mepesncd, T eCTh CBAIH HACTOALEH AehOpPMALIHH HE TONBKO ¢ NelicTBYIO-
UMM HANPIKEHHEM, HO H € M0 NpeJUecTBYIOMNM 3Ha4YeHueM. B cpene ¢
YNpyruM nocneneiicremem (Teno BonslMaHa) 3aBHCHMOCTE MOTNOILEHHA
OT MACTOTHl MOWKET HMETh PASTHYHBIR XAPAKTED NPH 3aJaHHH PAITHUHEIX
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dhyuxumit nocneneiicTens. B yacTHoCTH, HMEETCA LIMPOKHIT IHANAZ0H Yac-
TOT, B KOTOPOM 3TA 3aBHCHMOCTE HOCHT JIHHEHHBIH XAPAKTER:

a(w) = kw. (1.20)

BONBUHMHCTEO MONEBbIX M Ia00paTOPHBIX IKCHCPUMENTATBHBIX TAHHELX,
MOTYHEHHBIX I KOHCONMHIHPOBAHHBIY FOPHBIX TOPOA B CeilcMHYecKoM
AHANAIOHE YACTOT, HEIUIOXO COTNACYIoTCA ¢ 3Toi Qopmynoii. [pn paceMoT-
PeHHH TAKHX Cpejl ¥A00HO HCMONBIOBATE NPOH3BOIHEI NAPAMETD — K-
PEMENT NOTIOWEHNN, XAPaKmepuaVIowul 6eInunY NOZIOWenus ia nymy
npobeza, pastom dnune goans. [TockonbKy INIHHA BOANEL A €CTH NPOH3BE-
AeHHe nepuoaa konebannii T Ha CKOPOCTE HX PACNPOCTPAHEHNHSA v, TO HME-
eM JUIA JeKpeMenTa NorIowenus o

ﬁ:ul:uTv=aEv, {1.21)
4]
IMoacrasnas ciona (1.20), nonydaeM Buipaxkenne
O =2nkv, (1.22)

KOTOPOE HE 3aBHCHT OT Y4CTOTEl. Cle1oBaTeNbHO, CPE/ikl, YIOBIETROPAIO-
e yenosuio (1.20), obnanaoT vacmomuo-nezasucuMsiz JeKpemenimont
noziougenun. Takne cpefibl XapakTepH3IyIOT TAKKE BeNHUHIOI noGpoTnoe-
1 O, koTopad obparTHa nekpeMeHTY nornouienns: @ = n/d. B abcomorno
YOpyroi cpeae, rig OTCYTCTBYCT nornomenne, Q = o= B Kopennsix rop-
HBIX NOPOJAX BENHYHHA () MMEET NOPA0K ACCATKOR H COTEH SIMHHLL,

Teopun easkozo mpenua npednonazaem cyyecnsosanie mpeius Meacdy
HACMUKAMI cCPedsl, H3-30 YEr0 BOINHKACT 3aBHCHMOCTE [IEHCTBYIONIEro Ha-
NPAKEHNA HE TONBKO OT BENHYHHEL JehopMaliiig, HO H OT CKOPOCTH €ro
HiMeHenus, B cpene ¢ BHyTpeHHum Tpenmem (teno Moiirra-Kenwssuna)
AQITAHA CYLIECTBOBATE KBAIDATHYHAA 3aBHCHMOCTh KoadipuiinenTa norno-
LEHHA OT YACTOTHL

o) =k, 0. (1.23)

HmMeioTes sKenepUMEHTAILHEIE JAHHBIE, OTHOCAIIMECH K PBIXITEIM [10-
polam BEPXHCH YACTH pa3pesa, KOTOPHIE YKAIBIBAIOT Ha Goliee CHITBHYID,
ueM B (1.20), 3apHCHMOCTE NOTIOIIEHNS OT YACTOTEL, NIPUGIMIKAIONIYIOEH K
cooTnowenuw (1.23),

Juneiino-neynpyras NOrIOMAIOINAA CPENA PACCMATPHBACTCH KK JIH-
Hefinsli npeobpaiopatens, o6nataouii cBONCTEOM (HILTPA HHIKHX Ya-
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