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HOBMR no,a:xo,a: K OIlPE,lJ.EJIEHHIO nAPAMETPOB 
mnOD;EHTPOB AAJIEKHX 3EMJIETPSlCEHHR 

B ceHCMOJI()f'H1IecKoH npaKTHKe npH onpe.z:teneHHH napaMeTpoB rHnoueHTpOB 3eMJleTpSlCe­
HHH MHHHMH3HpyeTcSl 4lyHKUHoHan HeBSI30K TeOpe1'H'.lecKHx H Hatimo,neHHblx BpeMeH npotSera 
CeHCMH1IeCKHX BOJIK. TaKOH nOJV«),n no crrH 3IC.BHBaJleHTeH MHHHMH38UHH 4IYHKUHOHana 
HeBSl30K COOTBeTCTBYJOlUHX rnnoueHTpanbHblx p.accTOSlHHA, KOTopble B CBOIO O"lepe,nb MO)KHO 
npe,ncTaBHTb B B~ pa.nHyCOB BeKTOpoB C Ha..8JIOM B TO"lKe perncTpaUHH. P83HHua AnHH 
pa.nH)'COB BeKTOpoB He 38BHCHT OT HX HanpaBneHHJI, BCJle,nCTBHe "Iero onpe.z:teneHHe napaMeTpOB 
rnnoueHTpoB nYTeM MHHHMH38UHH 4lYHKUHOHaJ18 HeBSl3KH AnHH 3THX BeKTopoB MO)KeT tiblTb 
HeycTOH"IHBO. npe.nnaraeTCSI npH onpe.neneHHH KOOp,nHHaT rnnoueHTpOB 3eMJleTpSlCeHHH MHHH­
MH3HpoBaTb .He P83HHUbi AnHH pa.nHyCOB BeKTOpoB COOTBeTCTBYlOlUHX TeopeTH"IecKHM H 

•HatiJlIO,neHHblM BpeMeHaM npotSera CeAcMH"IecKHX BonH OT o"lara ,no pernCTpwpYlOlUHX HX 
CTaHUHH, a AnHHbI BeKTOpoB p83HOCTH 3THX BeKTOpOB. TaKOH no,nxo,n nooaoJlSleT nOBblCHTb 
YCTOH"IHBOCTb onpe.z:teneHHJI napaMCTpOB rnnoueHTpoB. PeweHHe 38,/Ul"lH npoBe,neHo C yqeTOM 
3nnHnTH"IHOCTH 3eMnH B npe.nnOJlO)KeHHH, "ITO CKOpocTb SIBJlSleTCSI npoH3BOJlbHOA 4lYliKUHeH 
paCCTOSlHHJI OT ueHTpa 3eMnH: 

NEW APPROACH TO DETERMINATION OF HYPOCENTER'S PARAMETERS FOR 
FAR EARTHQUAKES, by B 0 u r min V. Ju. Residurs functional of theoretical and 
experimental times of propagation of seismic waves is usual minimized in seismological practice. 
This approach is equal to minimization of receaduars functional of appropriate hypocenter 
distanses that may be presented by radius·vectors with origin of coordinats in point of receiver. 
The difference of the length of two vectors doesn't depended on its directions. Therefore 
determination of hypocenter's parameters by minimization of residual's function of length these 
vectors may be not stable. The author offers to minimize the length of the vectors equal to 
difference of v~ctors corresponding theoretical and experimental times propogation of seismic 
waves from sour.~e to reciver, but not the difference of the length these vectors. The problem 
is solved for elliptical Earth when seismic velocity is function of distance from of the Earth's 
center. 
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YpaBHeHHJI, CBJl3b1B31O~He J:OOP,ll,HH3ThI fHnOu,eHTpoB 3eMJleTpJlCeHHH H J:oop­
,lI,HH3ThI CeHCMH'Iecox CT3HlJ,HH H3 3JIJIHnCOHJl,e. B CeiiCMOJIOrH1fecKoH npaKTHKe 
OnJ)eAeJleHHe KOOPlUlJaT mnOu;eHTpoB 3eMJIeTpJlCeHHA, 33perHCTpHpoBaHHhlx MHpoBOii: 
'CeTltIO ceUCMH1fecKHx CTaHD;HH, OCHOB3HO H3 MHHHMH33U;HH ~YHKU;HoH3Jla HeBSl30K: 

" 
St =L (t, - f,)z, (1) 

I_I 

I'Ae t. U 1;- TeopeTH1fecKue H ua6JIIOAeHHhle BpeMeH3 npo6era CeHCMH1fecKHx BOJIH 

OT 01fara AO pemCTpupyIO~X CT3HD;Hii:; tl - tlJyHKD;HJI 3IIIIu;eHTpaJI&Horo paCCTOJlHHSI, 

rny6uBhI 01f3ra H CTpoeHHJI 3eMJIH Ha nYTH npo6era CeACMU1fCCKUX BOJIH. 

ECJlu 3MaT&CJI HeKOTOpiiM ypoBHeM norpewHOCTH ~t B onpe.neneHHH BpeMeH 

npo6era ceUeMB1fecKHx BOJIH, TO Bee 3Ha1feHHJI KOOPAHH3T mnOu;eHTpa, AJISI ICOTOPhiX 

S~ :s ~t, 6yAYT npHH3AJIezaTh HeJCOTOPOH 06JIaCTH CJ>, KOTOpaJi B 06m.eM CJlY1f3e 

68 



z 

or 

PHC. 1. nepexoJ:\ OT reorpa4!Hl{eCKHX K reou.eHTpHl{eCKHM 
Koop.nHHaTaM 

MOX:eT 6NTb MHOI"OCBliI3HOH. 3anHmeM ypaBHeHHliI, CBH3IJlBalO~e KOOp~HHaTIJl TOlIeK 
H3 0), T. e. KOOp~HHaTIJl B03MOX:HIJlX nmou,eHTpoB H KOOP~HH3TIJl ceAcMHlIecKHx 

CTaHu,HH. nYCTb AJIli1 n ceACMHlJecKHX CTaHIl,HA, pacnOJlOXeHHIJlX H3 nOBepxHOCTH 

3eMJIH, ~HIJl reorpalPH'lecKHe KOOp~HHaTIJl fIl" ~ H npeBlJlmeHHliI Ha~ ypoBHeM 

MOplil ahll a mnou,eHTp 3eMJIeTplilceHHliI HMeer Koop~HHaTIJl fIlo' ~ H rJly6HHy B o• 
IIOMecTHM B u,eHTp 3eMJIH Hall3JIO ~eKaPTOBOH CHCTeMIJl KOOp~HH3T. OCb OZ pacno­

JlOJlOlM no nomlpHOH OCH 3eMHOro 3JIJ1HnCO~a, OCb OX - Ha nepece:tleHHH DJlOCKOCTH 
3KBaTOpa H DJlOCKOCTH HallMa ClIeTa ~OJlroT, OCb OY - B DJIOCKOCTH 3KBaTOpa, HO 

B Mep~aHe, DJlOCKOCTb KOTOPOro COCTaBJlliIeT C DJIOCKOCTblO H3'l3JIbHOro Mep~HaHa 

yroJl 90°. TOrA3 MOX:HO 3anHcaTb CHCTeMY HeJlHHeHHIJlX ypaBHeHHH, cB93IJlBalOUJ;YIO 
Koop~HHaTIJl rHnou,eRTpa H perHCTpHpylOUJ;HX CTaHIl,HH B ~eKaPTOBOH CHCTeMe KOOP­

~HHaT: 

(2)
 

3~ec& Xo, Yo, Zo - KOOP~HH3T1Jl rHDou,eHTpa; XI' Ylt %1 - Koop~HHaTIJl ceHCMHlIecKHX 

CTaHIl,HH; r l =R, - Ro; 

IR,I = R, = (~ + t + ~)Vl, IRoI = Ro = (X~ + ~ + Z~)Vl 

(i = 1,2, ... , n). 

CBliI3b MeQY reorpalPHlIecKHMH H ~eKaPTOBIJlMH Koop~HHaTaMH Ha nOBepXHOCTH 

3JIJlHnCO~ aanHCIJlBaeTCliI C nOMom;&Jb cPoPMyJl [4] 

_ a COS q> cos A. _ a cos <p sin A. a (1 - e2) sin <p 
(3)

X - (1 _ e2 sin Cfl)l.2' Y - (1 - e2 sin Cfl)l.2' %:: (1 - e2 sin Cfl)Vl ' 

rAe a - 60JIbmu nOJlYOCb 3JIJ1HDCO~a; e2 .. <Ql-II) I Ql - nepRblA 3Kcu,eHTpHCHTeT 
Mep~aaHHoro 3JIJ1Hnca; b - M3Jla9 nOJlyocb 3JIJlHnCO~a. ' 

PemeHHe CHCTe},flJl ypaBHeHHA (2) 6y~eM HCKaTh ua nOBepXHOCTH mapa ~yca Ro• 
npH 3TOM 6Y~YT CnpaBeNIHBIJl COOTHomeHHliI 

~o =Rocos fIl cos A., . Yo = Ro cos fIl sin A, Zo =Ro sin lp. <3a) 
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PaCKpoeM cK06KH B cPoPMyJIe (2) H BOCnOJIb3yeMcR COOTHOmeHHRMH ):VIR R j H Ro 
(pHC. 1). Tor~a 

X()X; + YoY; + ZoZ, = 0,5 (R~ + R~ - 17). (4) 

B npaBYIO 'IaCTb ypaBHeHHR (4) BXO~RT BeJIH'IHHbI r:: 

me 'P, = d/R; - yroJI MeQY BeKTOpaMH Ro H R" d j - 3nHu,eHTpaJIbHbIe paCCTORHHR:. 

0603Ha'lHM ro = R o• nO~CTaBJIRR 'P, B BbIpax:eHHR: ):VIR r:, a r: B ypaBHeHHR: (4)
'" 

H ~eJIR npaByIO H JIeByIO ero 'IaCTH Ha roR;, nOJIy'lHM 

(5) 

me U = XoIro; V = Yolro; W = zolro; w, = x/R,; ~ = y/R j ; w, = z/R,; ro = R 3 - h; 
h - rJIy6HHa mnou,eHTpa, OTC'IHTbIBaeMaR OT nOBepXHOCTH 3eMJIH; R3 = (X2 + 
+ y2 + Z2)li2 - BeJIH'IHHa P~HYca 3eMJIH B COOTBeTCTBYIOw;eH TO'IKe 3eMHOH nOBep­

XHOCTH; x, Y, Z onpe~eJIRIOTCR H3 COOTHomeHHH (3). npH STOM Koop~HHaTbI mno­

u,eHTpa He ~OJIX:HbI BbIXO~HTb 3a npe~eJIbI 3eMHoro 3JIJIHnCO~a, T. e. cyMMa KBa~paTOB 

HeH3BecTHbIX U, V, W ~OJIX:Ha Y~OBJIeTBOpRTb HepaBeHCTBy 

U2 + yz + W2 :s [l + iT sin2 q> - 2iT (sin q»laJ/(1 - iT sin q». (6) 

CHCTeMa ypaBHeHHH (5) np~CTaBJIReT co6oA CHCTeMY JIHHeaHbIx aJIre6paHllecKHx 

ypaBHeHBii OTHOCHTeJIbHO Tpex HeH3BecTHbIX BeJIH'IHH U, V H W. B npaByIO 'IaCTb 
ypaBHeHHH (5) BXO~RT BeJIH'IHHbI d;'" R,'P, -.: 3nHu,eHTpaJIbHbIe pacCTORHHR- Ha no­

BepXHOCTH c4>ePbI ~HYca R" KOTOpbIe 33BHcn OTh H KOTOpbIe He06xo~HMo npe~­
BapHTeJIbHO BbI'lHCJIHTb. PemaR ypaBHeHHR (5), nOJIy'lHM 

Xo = Ulro; Yo = Vlro; Zo = Wlro; 

R o = (X~ + Y~ + Z~)li2; H =R 3 - R o. 

O'leB~HO, 'ITO KaQaR TO'IKa 06JIaCTH (J) Onpe~eJIReT Ha60p BeJIH'IHH h H d,. B 
CBOIO O'lepe~b KaQOMY Ha60py h, d, OTBe'laeT HeKOTOpoe pemeHHe {U, V, W} 
CHCTeMbI (5), coBoKynHOCTb KOTOpbIX nopoQaeT MHOX:ecTBO Q, 3JIeMeHTaMH KOTOPOro 

R:BJIR:IOTCR: nepeMeHHbIe H H D, =R,'V, (i = 1, n), me 'V,- yrJIOBOe paccroRHHe MeQY 

3nHlJ,eHTpoM 3eMJIeTpR:CeHHil H i-H CeHCMH'IecKoH CTaHlJ,HeH. 

B Ka'lecme pememm 3a,A3'IH IJ,eJIec006pa:mo B3Jm> re 3H3'1emm d, H, CJI~TeJIbHO h, 
KOTOpbIe, C O~HOH CTOpoHbI, MHHHMH3HpyIOT paCCTORHHe MeQY MHOX:ecTBaMH (J) H 

Q B 3~aHHoH MeTpHKe, a C ~pyroH - y~OBJIeTBOPRIOT YCJIOBHIO S~ :s {)t. 
Onpe~eJIHM paCCTORHHe Me~ ~ByMil TO'IKaMH M, H M 2 BHyTpH mapa KaK 

p = (R~ <'PI - 'P2)2 + (r, - r2i)li2, 

me R w - ~HYC mapa; r. H r2 - paCCTOilHHR B~OJIb ~HYca OT u,eHTpa mapa ~o 

TO'IeK M , H M 2; 'PI - 'P2 - KpaT'Iaamee yrJIOBOe paCCTORHHe Me~ TO'IKaMH M , H 

M 2• Toma cyMMa KB~paTOB paCCTOilHHH Me~y TO'IKaMH MHOX:eCTB (J) H Q 33nHmercil 

B B~e 

S =L• [(D, - d,)2 + (H - h)2 J =L• [R~ ('V, - 'P,)2 + (Ro - ro)2 J. (1) 
i-I I-I 

TaKHM 06pa30M, 3~aqa onpe~eJIeHHil Koop~HHaT mnou,eHTpoB 3eMJIeTpilCeHHH 
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CBOAHTC5I K OnpeAeJleHHlO 06JIacTH (J) H COOTBeTCTBYlOm;eU eu 06JIaCTH Q H MHHHMH3aU:HH 

lPYHKU:HOHaJla (7). 
HaH6o.nee npocro 3Ta 3aAal.fa pemaeTC5I M5I C<PePHl.fecKH CHMMeTpHl.fHOro pacnpe­

AeJleHH5I CKOpoCTH paCnpoCTpaHeHH5I CeUCMHl.fecKHX BOJIH B 3eMJIe. B 3TOM cnyl.fae 
CKOpoCTb JaBHCHT TOJIbKO OT paCCT05IHH5I OT u:eHTpa 3eMJIH AO TeKym;eu TOl.fKH H 

BeJlHl.fHHIll 'ill onpeAeJl5IIOTC5I no 51BHIlIM <PoPMyJIaM 

RO+" RO 

'ill =	 (1., [ I + kI {[r!v(r)f -(1.?}-L-2] ~, (8a) 

RO R" 

me (1./ - JIYl.feBllle napaMeTplll; k ... 0 M5I JIyl.feH, BIlIXOA5Im;HX BBepx H3 HCTOl.fHHKa; 

" k ... 2 M5I JIYl.feu, BIlIXOA5Im;HX BHH3 H3 HCTOl.fHHKa; R" - paCCT05IHHe OT u:eHTpa 

3eMJIH AO TOl.fKH MaKCHMaJlbHOro npoHHKHOBeHH5I "JIYl.fa; h - rJIy6HHa mnou:eHTpa, 

OTCl.fHTIllBaeMa51 OT nOBepXHOCTH 3eMJIH. Ol.feBHAHO, 'ITO h = R J - Ro, rAe RJ ­

. paAHyC 3eMJIH B ::mHu:eHTpe 3eMJIeTp5lCeHH5I. 

QT061l1 BIlIl.fHcnHTb 'ill no q,opMyJIe (8), He06xOAHMO 3HaTb BeJlHl.fHHIll (1./ H h. 
3anHmeM <PoPMyJIy M5I onpeAeJleHH5I BpeMeHH np06era CeUCMHl.fecKoH BOJIHIlI: 

_ RO+" RO [r! v (r) )2 dr 
(86)t, - [£ + k L] Or! v (r»)2 _ (1.~)L-2 r . 

B TOM cnyl.fae, KorAa JIYl.feSllle napaMeTplll (1./ onpeAeJl5IlOTC5I no <PoPMyJIe BeHAoP<Pa 

(1./ = V-I (RJ) sin~, rAe ~,- yrJIIlI BIlIXOAa CeUCMHl.feCKHX JIyl.feu Ha AHeBHylO nOBepx­

HOCTb nOA i-H CeHCMHl.fecKoH CTaHIJ:HeU, rJIy6HHa h JIerKO onpeAeJl5IeTC5I H3 COOTHomeHHU 

(86) H3 ycnOBH5I MH30CTH Ha6JIIOAeHHIlIx BpeMeH r; H BpeMeH, 1l0ll.fHcneHHllIx no 

<PoPMyJI;;tM (86). 
KaK npaBHJIO, yrJIIlI ~/ BIlIXOAa CeUCMHl.fecKHX JIyl.feu onpeAeJl5IIOTC5I C 6oJIbmH­

MH omH6KaMH, n03TOMY Cl.fHTaIOTC5I HeH3BeCTHIllMH. B 3TOM cnyl.fae JIYl.feBllle napa­

MeTplll (1./ onpeAeJl5IIOTC5I H3 COOTHomeHHH (86), a BeJlHl.fHHIll 'ill 6YAyT 3aBHCeTb OT 

rJIy6HHill h HCTOl.fHHKa, T. e. 6YAyT onpeAeJl5ITbC5I HeoAH03Hal.fHO. TaKHM 06pa30M, 

KaxtAOMy r, B ypaBHeHH5IX (2) H, cneAoBaTeJlbHO, KaxtAOMy r; 6YAeT COOTBeTCTBosaTb 

HeKOTOpoe MHOOKeCTBO (J) nepeMeHHIlIX h, d,. npH 3TOM Ka~OMY Ha60py 

h, d, (i = 1, n) 6YAeT OTBe1.f3TbCBOe pemeHHe {X, Y, Z} CHCTeMIll (4): coBoKynHOCTb HX 

nopoxtAaeT MHOJICeCTBO Q, :,meMeHTaMH KOTOPOro 5IBJI5IlOTC5I nepeMeHHllle X o, Yo, Zoo 
EcnH BpeM5I B Ol.fare H3BeCTHO, TO nepe6Hpa51 3Hal.feHH5I h, 3aAaHHille Ha CeTKe 

Ii", H3 ycnOBH5I 6JIH3OCTH Ha6JIIOAeHHIlIx BpeMeH np06era r; H TeoPeTHl.fecKHX tlO 

paCCl.fHTaHHIlIX no <PoPMyJIaM (86), M5I KaxtAoro h OnpeAeJlHM 3Hal.feHH5I JIYl.feBIlIX 
napaMeTpoB (1., H COOTBeTCTBeHHO '1',. OKOHl.faTeJlbHO BIlI6HpaeM Te 3Hal.feHH5I h H 

.'il1O KOTOpille MHHHMH3HPYlOT lPyHKU:HOHaJI (7). 

KaK ynoMHHaJlocb BllIme, B CeiiCMOJIOml.fecKoii npaKTHKe npH onpeAeJleHHH Ko­

'oPAHHaT mnou:eHTpa B Kal.feCTBe nocneAHero npHHHMaeTC5I TOl.fKa H3 HeKOTOpoii 

06JIaCTH (J), KOTOpa51 peaJIH3YeT MHHHMyM lPYHKIJ:HOHaJla HeB5I3KH BpeMeH (1). 
nYCTb p" d, H h COOTBeTCTBylOT TeoPeTHl.fecKHM BpeMeHaM t, npo6era CeiiCMHl.fecKHX 

_BOJIH OT Ol.fara AO i-ii CTaHIJ:HH, rAe p, = v,t, - mnou:eHTPaJlbHllIe paCCT05IHH5I-i. d, ­
::mHu:eHTPaJlbHllIe paCCT05IHH5Ij h - rJIy6HHa Ol.fara 3eMJIeTp5lCeHH5Ij P, = uA, D, H 

H - Te 'ICe BeJIH1.fHHIlI, HO COOTBeTCTBYlOm;ue HCTHHHOMY nOJIOJICeHHlO mnou:eHTpa 

(u, = v, - ~v,). TOI'Aa M5I lPYHKIJ:HOHaJla 51 MO'ICHO 3anHcaTb 

" "	 " ~ ,.. Jt. 2 ~ -2 ,.. 2 ~-2 
51 =	 .£J (t, - tl - ut,) =.£J V, (WI - v,t, - v,~t,) =.£J V, (v,t,­

'~I
 '-I	 '-I 

,.. ~ 2 ~ " -2 2 
- u,t, - t,ot, - v,~t,) =.£J V, (PI - ~PI - p,) • ,., 
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PHC. 2. nOHCHcHHe K HcpaBcHcTBy (9) 
A _ ~ 

3~ecb t, = t, - f)t,; f)p = t,ot't + vlJt,. naJIee (pHC. 2) 

St =±t't- z (P, - f)p, - py =±t't- z (P, - pJz :S ±t't-Z~rt :S 
~I '-I '-I 

ft ft 

:S ~ t't-z {R~ (W, - 'Pi + (Ro - 1'0)Z} =LV, (D, - dJZ + r (Ji - h)Z = S, (9)
'-I '-I 

rAe M = Ito - f o = P, - p,; d" h H 15" H - 3nHu;eHTp3Jll>Hlie paCCT05IHHjf H rJIy6HHIi, 

COOTBeTCTBYIOIl\He TeopeTH'IeCKHM H Ha6JIIO~eHHIiM BpeMeHaM npo6era CeHCMH'IecKHX 

BOJIH; v, = t't-z H Y = L
ft 

v, - BecoBlie MHO:lltHTeJlH, xaPaKTepH3YJOIl\He Heo~HOPO~HOCTb 
'=1 

cpeAhl. H3nOJIY'IeHHoro COOTHomeHHjf CJIe~eT, 'ITO MaJIOCTb 3Ha'leHHjf (j)yaKIJ;HOHaJIa 
St He rapaHTHpyeT MaJlOCTlt 3HaqeHHH 4JyHKIl,ROHaJlOB HeBjf30K B onpeAeJleHHH rJIy6HH1i 
mn~eHTpa 3eMJIeTpjfCeHH9 H 3nHIJ;eH1'paJIbHlofx paccroKIIHH, HO MaJlOCTb 3HaqeHHjf 
(j)YHKIJ;HOHaJIa S BJH~'IeT 3a co6oH MaJlOCTb 3Ha'leHH9 (j)yHKIJ;HOHaJIa HeB93KH BpeMeH. 
3To YTBepQeHHe JhlJIjfeTCjf CJIe~CTBHeM TOto ct>aKT3, 'ITO IClIaAJ}aT pa3HOCTH 

(p, - p,)Z CYTb KBaApaT pa3HOCTeA MO~YJIeA BelCTOpoB P, H P, H He 3aBHCHT OT HX 

HanpaBJIeHHH, B TO BpeMjf KaK cyMMaKBaApaTOB pa31f0CTeii (.0, - d,)Z + (H - h)Z 
ecTb KBaApaT MO~YJIjf pa3HOCTH P,-p, COOTBeTCTBYIOIl\HX BeKTOpoB. 

3anHmeM (j)yHKIJ;HOHaJI S B lI~e 

ft ft 

~ - 2 - Z ~ zm Z - ZS = £J w, (D, - dJ + (H - h) =£J wll, ('1', - '11,) + (Ro - 1'0) , (9a)
'-I ,.1 

rAe W, = v,l r, H c4x>PMYJIHpyeM 33Aa'ly 1. 
nycn. :N - MHO:lltecTBO rJIy6HH, Ha KOTOpliX MOryT pacnOJIaraTbCJI o'lam 3eMJIe­

Tp9ceHHii: H h - 3JIeMeHT 3mro MHO:lltecTBa (h E 3t). Tpe6YeTC9 HaHm TaKoe 

h* E:N, KOTOpoe 06ecne'lHJlo 6IlI MHHHMYM (j)yHKU;HOHaJly (9a) npH yCJIOBHH, 'ITO 
X. Y H Z onpe~eJI9IOTC9 H3 pemeHHjf CHCTeMIi JIHHeHHliX aJlre6paH1lecKHX ypaBHe­
HHH (5). 

TaKHM 06pa30M, paCCMOTpeHa 3aAa'la onpe~eJleHHjf KOOPABHaT mnou;eHTpoB 
<p, AH H. OAHaKO Ha npaKTHKe npH JIOKaJIH33IJ;HH ~aJIeKHX 3eMJIeTp9CeHHii HaH60JIbmHH 

HHTepee npe~CTaBJIjfeT 33Aa'la onpe~eJleHH9 'IeTlipeX napaMeTpoB mnou;eHTpa: <p H 
7 H H 1'0. B 3'MM CJIyqae B03MO:lltHli pa3JIH'IHlie nO~XOAhl. 

B TOM CJIyqae, KOrAa yrJIli Blixo~a CeiCMH'IecKHX JIy'leH Ha nOBepXHOCTb onpe­

AMjfI<.m:9 H3 Ha6.nIO~eHH~, BpeMjf II oqare 1'0, paBHoe pa3HOCTH BpeMeH nPHxo~a H 
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BpeMeB Dpo6era ceACJOI1IecKHX BOJIH OT oura AO TOQelC Ha6moAeHHSI, H rny6HHa 
1'RD0~eBTpa ODlJC,AeJHIIOTCJI H3 ypaBHeHd (86). 

Ecmt J13BeC1'BH TOJIhXO BpeMeaa DpHXOAa CeHCMH'IecICIIX BOJIH H XOOPAHHaTltl 
TO'IeIC Ha6moAeHIIA, TO 33,Aaqy pemaeM cneAYJO~M 06pa'3oM. 3aDHmeM BeJ1II1IHHhI 

~ B BRAe 

~ = ~ (tj - 10)2 = ~-if - 2~tj'fo + ~~, 

I'Ae 't, - BpeMeHa npHXO,Aa ceitCMHqeclCBX BOJIH aa CT8Bu,HH; To - BpeMSI B o'lare; 

u, - ~THBllllle ClCOpoCTH pacnpocrpaaelDlJl CeACMRQeclCHX BOJIH, '1HcneHHo paBHhle 
OTHomemno nmO~eHTpaJlbKOro paccTOSiIDIJI ICO B.peMeD HX Dproera DO JlY'ly. 

IToACTaBHM nonyqeHHoe BJipaaeBHe AnSI ~ B DpaBYJO UCTb ypaBHeHHSI (4) H 

crpyIDIHpyeM qneHhl. Bpe3YnbTaTe 6YAeM HMeTb 

XoX, + YaY, + ZoZ, - To't,~ =0,5 [ro + R~ - ~ (-if + ~)J 

BJIB, DPOBOASI COOTBeTCTBy~e Dpe06pa30BaHHSI, OKOH'IaTenbHO Dony'lHM 

Uu, + V~ + Ww, - Qq, = cos (d,!R;y- To't,~/(roRj)' (0) 

I'Ae U, V, W, u., ~, w, - Te _e, 'ITO B ypaBHeHHJIX (5); Q = T 01ro, q, = 't,~1R,. 
ITPH 3TOM, IC3X H paHbme, A~HO BliDOJIHSlTbCSI COOTHomeHHe (6). 

KpoMe 3TOro,- 3aDHmeM ~yaxIUloHan 

S = I• w, (D, - dJ2 + (H - h)2 + T'J (To - 1'0)2 = 
,al 

:= I• w,R~ ('I', - '1>,)2 + (Ro - ro)2 + T'J (To - To)2, (1) 

'-I 
I'Ae T'J = l/r; H - R3-Ro• 

TaICHM OOpa30M, DpHXOAHM IC 33,Aa'le 2. ITycrb 3l- MHOJIC:eCTBO rny6HH, Ha 
KOTOpliX MOryT pacnonaraTbCSI oum 3eMneTpSlCeHHH, h - 3neMeHT 3TOro MHOJIC:eCTBa 
(h E 3t); '1-- MHOJIC:ecTBO 3HaQeHHH BpeMeH B03HHKHOBeHHA 3eMneTpSlCeHHH, To­

3JleMeBT 3Toro MHOJIC:eCTsa (toE "/). Tpe6yercSi HaHTH TaICHe h* e;:It H <E 1, 
KO'ropYe 06ecneqana (iii MHHHMYM ~ymcIUIOIfany (11) DpH ycnOBHH, 'ITO X, Y, Z H 
To oDpe,AenSDOTCSI H3 pemeBHSI CHCTeMhI nHIIeAHhlx anre6paH'IecICHX ypaBHeHHH (10). 

OcraHOBHMCSI Ha o~eHICax DOrpeWHOCTeH B oDpeAeneHHH napaMeTpoB mDo~eHTpoB 
AanelCBX 3eMneTpSlCeHHii H BODpocaX YCTOHqaBOCTH pemeHHSI CHCTeM nHHeHHhlX 
ypaBHeHHi (5) H (0). LJ:ng MH3ICHX 3eMneTpSlCeHHH 3TH BODpochi H3Y'lanHCb B 
pa60Tax [1-3). Bocnonb3yeMCSI 3,Aecb pe3ynbTaTaMH YlCa3aHHhlxpaOOT. 

OL\eHDI norpeWHOCTeH B onpeaeJleHHH napaMeTpoB ntnOL\eHTpoB aanelCHX 3eM­
JleTpaceHHii. 3aDHWeM cHcreMhI (5) H (10) B MaTpH'IHOM BRAe: 

Xp -I, (12) 

I'Ae p - {PI} - HClCoMHIe napaMeTphl; j- 1, 2, 3 RnH j- 1, 2, 3, 4; X - MaTpHu,hI 

CHCTeM; / = {J;}; i = 1, ... n - Ha6;IIOAaeMhle BeJIH'IHHhI. 

ITPH ycnOBHH HeBhlpoQeHllOCTH MaTpHll,hl X TX pemeHHe ypaBHeHHSI (2) AaeTCSI 

~PMYnoA p - r, I'Ae X+ = (K"K)-I K"; «T» 03Ha'iaeT onepau,HIO TpaHcnOHHpoBaHHSI. 
EcJm BelCTOp CB060AHhIX qneBOB H MaTpHll,a X, 33,AaHhI C norpemHOCTSlMH

liI- 0 H IlK _ 0, TO B 3TOM cny'lae AnSI norpeWHOCTH BeKTopa p HMeeM ypaBHe­
BHe [3 ) 

K~ c: liI- IlKp, (13) 

pemeHHeM 1C000poro 6YAeT 

!1p = r (liI- IlKp). 
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,llJuI norpemHOCTei OT~eJIbHlllX KOMnOHeHTApl lIeKTOpa Ap nOJIy'IaeM CJIe.n;YIOm;ee 

COOTHomeHHe: 

API =K; (M - AKp), 

me ~+) - BeKTOp-CTpoKa MaTpH~ j(+. 
,lL1ISI a6cOJlIOTHoro 3Ha'leHHSI j-A KOMnOHeHThi BeKTOpa Ap 6Y~eT HMeTb MeCTO 

HepaBeHCTBO 

I APII = I~+) (Af- AKp)1 :S 1I~+)III1Af- AKpll, (14) 

me 11.11 - eBKJI~OBa HOpMa. ,nJHI norpelUHOCTH nOJIHoro BeKTOpa Ap COOTBeTCTBeHHO 

HMeeM 

II Ap II :S II j(+ II II AI -.: AKp II. (14a) 

06paTHMcSI K CHCTeMe JIHHeHHhlX ypaBHeHHH (5). oYAeM C1IHTaTh, 'ITO oWH6KH ' 

KaK B 3JIeMeHTaX MaTp~ K, TaK H B npaBhlX 'IaCTSiX ypaBHeHHH 06yCJIoBJIeHhI 

oDIH6KaMH TOJIbKO BpeMeH npHxo~a BOJIH TI , a6cOJIIOTHhie 3Ha'leHHSI KOTOPhiX MOJKHO 

npHHSlTb paBHhlMH 16TII = $1 I ATI. BecoBOH MHO~HTeJIb $. xapaKTepH3yeT KaK 

Ka'leCTBO H3MepeHHii Ha i-H CTa~H, TaK H CHCTeMaTH'IecKYIO oWH6Ky, 06YCJIoBJIeHHYIO 

OTKJlOHeHHeM HCTHHHhlX CKOpoCTeH OT npHHSlToH MOAeJIH. 

ECJIH 16~1 AJIS1 Ka'KAoro i"'l, 2, ..., n ecTb CpeAHSISI BeJIH'IHHa a6cOJIIOTHoro 

3Ha'leHHSI norpeDIHOCTeH B onpeAeJIeHHH T/, T. e. 

$IIATI = ~(16~1), TO $/= ~(16TII)/16TI, 

IATI ~ O. 

HOPMHpoBO'IHhlH MHO~HTeJIb I ATI MO~HO nOJIO~HTh paBHhlM cpeAHeMy 3Ha'leHHIO " 

a6cOJIIOTHoH norpeWHOCTH Ha Bcex CeHCMH'IecKHX CTaHlJ,HSlX, Y'laCTBYIOIUHX B Ha­

MIQAeHHH, T. e. I ATI = ~ [~ (16TII)]. B 3TOM CJIy'lae 

~ (16Tj l) 
(J}I = ~ [1& (16TII)] . 

MO~HO nOJlOJKHTh IATI paBHhlM a6cOJlIOTHoMy 3Ha'leHHIO MaKCHMaJIhHO AonyCTHMoH 

OIDH9KH B onpeAeJIeHHH BpeMeH npHxOAa CeHCMH'IecKHX BOJIH Ha CTaHlJ,HH. TorAa 
o :S (J}I :s 1. 

ECJIH 16TII npeACTaBJISIeT Co6oH MaKCHMaJIbHOe 3Ha'leHHe norpeWHOCTH B onpc­

AeJleHHH Tl Ha Ka'KAOH CTaHlJ,HH (i = 1, 2, ..., n), TO 

(J}j= 16Tjl/IATI, 

npHlIcM CCJIH 16TII = IATI .(i = 1,2, ... , n), T. e. 16TII SlBJISleTCSI MaKCHMaJIbHhlM 

3Ha'leHHeM norpewHOCTH, TO (J}l = 1. 
nOMHMO CJIY'laHHhlx omH60K B onpeAeJIeHHH BpeMeH npHXOAa ceHcMHlIecKHX BOJIH 

Ha CTaHIJ,HH BeJIHlIHHhI I 6T,I H, CJIeAOBaTeJIbHO, (J}I MOryT OTpa~aTb OTKJIOHeHHe 

Ha6JIIOAeHHhlx BpeMeH np06era ceHcMHlIecKHX BOJIH, pacnpocrpaHSIlOllJ,HXCSI B peaJIbHOH 

HeoAHOPOAHOH TpexMepHoH cpeAe, OT BpeMeH npo6era BOJIH, pacnpocrpaHSlIOw.HXCSI 

B cpeAe c' npHH.RThiM B HHTepnperalJ,HH 3aKOHOM H3MeHeHH.R CKOpocTH. 

TaKHM 00pa30M, BecOBhlC MHO~HTeJIH (J}I oTpa~alOT KaK HepaBHOTOliHOCTb H3Me­

peHHH Ha CTaHlJ,HSlX, TaK H CHCTeMaTHliecKHe OTKJIOHeHH5I B onpeAeJIeHHH T.. CB5I3aHHhle 

C HeoAHOPOAHOCThlO pea.nbHhlX cpeA. 
PaccMOTpHM CHCTeMy (5). B AaHHOM CJIYllae AK = 0, a AI ~ O. 3JIeMeHThi BeKTopa 

AI B 3TOM CJIYllae paBHhI 6h = -sin (d/R;) 6dj • ECJIH npHHSlTb, liTO 6dl = 6T/ (Xl> rAe 

(XI = t/ - npoH3BOAHaSi roAorpacPa B COOTBerCTBYIOm;eH TOllKe, TO 

6/i = -sin (diRI) 6~/(X1 «(XI ~ 0). 
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JI.nSl nOJIHoro BelCTOpa nOrpeWUOCTH A,llSi ypaBHeHIUI (5) 6YAeM HMeTI> 

lI~plI S 1IK+llllsin (d/R) (fl/etllll~l'II.	 (15) 

TI3paMeTPIJI PI B A3HHOM CJIY'l3e paBHIJI P, =Xol ro, P2 = Yn/ ro, Pl = Zo/roo 

TIyCTIt CUCTeMa JIBHeiiHlllx ypaBHeHHA (13) OTBe'l3eT CJly'laIO, ICOrA3 HeH3BeCTHIJIM 
HaP~ C Xo, Yo B Zo JIBJIJIeTCSI T3ICze H To. J1;uI' Hee AK.-e 0 H ~ .-e 0, npH'leM 

tJl,. = -sin (d/RJ tJt,letl - tJt1r.,tl,/(roRJ H (AKp)1 = -tJl'ITotl,/(roRl)' EcJIH nOJIOZHTb 

r., == To, TO nOJIY'lHM, 'ITO (At - AKp)1 = -sin (d/RJ tJl'/etl• T3ICHM 06pa30M, H B 

3TOM CJIY'l3e npHXOABM IC HepaBeHCTBy (15), 3 P4 =To/ro. 

OrMeTRM BelCOTOplJle CBOitCTBa OIJ,eBOIC (15). TIpeZ,Ae BCero 3TH OIJ,eHICH HeyJIY'I ­

.maeMIJI. 3ro, B 'l3CTHQCTH, 03H3'13eT, 'ITO npB JIlo61J1X ~HlCCHPOB3HHIJIX 3H3'1eHHSIX 
DapaMeTpoB B npaBlJlx lI3CTSiX HepaBeHCTB BCerAa MO~O T31C nOA06paTIt 3H3ICH 

'I OIDB601C BpeMeB npBXOA3 CeACMH'IeCICHX BMH H3 CT3HIJ,BSlX, 'ITO paBeHCTB3 6YAYT 
•AOCTBI'aTItCSI.	 .D;pyrJIM CSOHCTBOM OIJ,eBOIC SlBmleTCSI HX yBHetx>PMHOCTIt. TIOCJIeAJIee 
CBOACTBO n03BOJISIeT BlJlpa6o'r3TIt eAJIBIIIH nOAXOA IC HCCJIeAOB3HHIO CHCTeM (5) H (10) 
AJISI pa3JIH'IHIIIX CJIY'I3eB HCXOABIJIX AaBHIJIX H COOTBeTCTBeBHO AJUl pa3JIH'IBOro H360pa 

BCICOMIIIX DapaMeTpoB. H3H6OJIee HX B3~oe CBOHCTBO TO, 'ITO YlC333HHlJle ou.eHICH 
yqBTIIIB3IOT norpelllHOCTH caMOK MaTpllIJ,lJl K, 'ITO SlBJISleTCSI npHHIJ,HDRaJIltHIJIM npH 

OIJ,eBIIB3BBB norpemBOCTeA B CJIY'l3e HeH3BeCTHIJIX n3paMeTpoB ).., <p, H H To. 

TIyCTlt' norpeWHOCTH tJ'G B onpeAeJIeHHH BpeMeH npHxOAa CeMCMH'IecICHX BMH Ha 

CT3RIJ,HH 5IBJI5IIO'J'CjI He3aBHCHMIJIMH BeJIII'IHHaMlI, CJlYlI3MHye ICOMnOHeHTIJI ICOTOPIJIX 

HMelOT ayJIeBlJle MaTeM3TH'1ecICHe OZHA3HHS1 H ICOHe'lHlJle AHcnepcHH a: (At­
- AKp). TOrA3 [7] AHCnepcHSI Ou;eBHB3eMIJIX n3paMeTpoB 6YAeT onpeAeJIfiltCSI H3 
COOTBomeHHSI ' 

D (~p) = [KrD-' (At - Mp) r~ 

rAe D(Ap) - ICOBapH3IJ,BOHH3S1 MaTpHu.a Ou;eHHBaeMIJIX n3paMeTpoB: D (At­
- AKp) - ICOB3PH3D;HOHH3S1 MaTpHIJ;3 BeICTOpa-CT0JI6u.a CBo6oABIJIX 1fJIeBOB JIHBeMHOH 

CUCTeNY. TalC 1C31C norpewuOCTH tJ'G B onpeAeJIeHHH BpeMeH npHXOA3 Ce:iiCM~ICHX 
BOJIB U3 CT~ SlBJlSlIOTCSI He33BHCHMIJIMH BeJIH'lHH3MH, TO M3TPHIJ.3 (AI ­
- AKp) 6YAeT AH3I"OII3JIItHOK MaTpHIJ,eM C 3JIeMeHT3MH, paBHIJIMH sin

2 (d/ .) a:/ et:; 

a: - AHCUepcHH BeJIII1IHII tJl'I' COOTBeTCTBeHHo 3JleMeHThI MaTpHIJ,IJI D- 1 (AI - AKp) 
6yAYT paBHIJI [sin'! (d/Rl) a:/et:rl 

• 

BlJIme nOJIYlIeHIJI ou;eHICH norpemHOCTe:ii B onpeAeJIeHHH HeH3BeCTHlJlX n3paMeTpoBI U, V, W H Q. HaAAeM OIJ,eHICH AlISi <p, ).., H H To. JI.nSl To Cpa3Y HaXOAHM 

I.a~ = a~/ roo 3AecJt a~ B a~ - AHcnepcHH n3paMeTpoB To H Q COOTBeTCTBeHHO. 

, Y'lHThlB3S1, 'ITO U = cos <p cos).., V = cos <p sin A H W =sin <p H 6epSi nOJIHoe npH­

[ pa~eHHe OT npa1illlx H JIeBYX 'I3CTeA 3THX paBeHCTB, AlI. onpeAeJIeHHSI tJ<p H tJA
I.6YAeM HMeTI> CUCTeN)' TpeX JIHHeHHIJIX 3JIre6paH'IecICHx ypaBHeHHH OTHOCHTeJIbHO 

[ ABYx HeH3BeCTHlJlx:
 

j
 
- sin <p cos M<p - cos <p sin ),lJA = tJU, 

-sin <p sin M<p + cos <p cos MA = tJV,	 (16) 

cos <ptJ<p = tJW. 

~ 3JIeMeBTIJI MaTpllU,H UOpMaJIbHIJIX ypaBHeHuji H BeKTOpa CBo6oAHIJIX 1fJIeHOB AlISi 
~ 3TOA CBCTeMH paBHIJI 

2a.. = 1; a l2 = ~I = 0; ~2 = cos <p; all = cos tJW - sin <p (cos MU + sin MV); 

au = cos <p (cos MV - sin MU). 

-1. r . 
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CJl~OBaTeJlhHO, nOrpemHOCTH B OnpeAeJleHHH cp H ). 6yAYT paBHItl 

l)cp - cos cpl)W - sin cp (cos'MU - sin MV); 

l)). = (cos MV - sin MU)/cos cpo 

,Z(HCIlepcHH a~ H af BeJlH1IHH "cp H l)). 6YAYT paBHSlTltCSI 3Ha'leHH·SlM AHaroHaJIbHItlX 

3J1eMeHTOB KOBapHa~HOHBoH MaT~1tl D (~, l)).), KOTOpaSl B ~eM CJly'Iae He 
SlBJlSleI'CSI AHaroHaJIbHOA H paBua 

D (6q>, 6),) = [lCD-I (fJU, 6V, fJW) Kr'. 

3Aech K - MaTPHtUl CHCTeMItl (16): IT 1 (fJU, 6V, fJW) - AHcnepcHOHHaSl MaTpHlUI= 
nap8MeTpoB fJU, fJV R 6W. 

QT06H HaHTH norpemHOC1'H B onpell,eJleHlDI rJly6HHH H mnou,eHTpa, He06xoAHMO, 
:lll8Th norpeDIHOCTI> B onpeAeJleHIUI Ro• HeTPYAHO npoBepHTh, 'ITO (3Aeclt ,llJUI npocTOTlII 
onyCKaeM HHAeKC «0.) 

6R = UfJX + VfJy + WC'Z, 6X ::3: r"U, 

6Y = rfJV, fJZ = roW. 

CJIelI,OBaTeJlltHO, 

fJR = r (U6U + vfJV + WC'W). 

OTClOAa CpelI,HeKBaApaTB1lHoe OTKJIOHeHHe napaMeTpa fJR 6YAeT paBHO 

aR = r (lPa~ + yla~ + W1a~)V1; 

YCTOii'IHBOCTIt onpeAeJIeHKJI napaMeTpoB l'JtI'KJQeHTpoB ,IUlJIeXHX 3eMJleTpJlCeHHH 
H OfITHMaJlWlaJl reoMeTpKJI TeJleCeHcMIf1IeCXoH eeTH. Ou,eHKa (14a), JlBJlJlSICIt Ma­
xopBBTHoii, AaeT rapaBTHpoBaHBylO TO'IHOCTI> JI ottpell,e1leJIlIII napaMeTpOB JHnoqeBTpe>B 
A3Jlemx 3eMJIeTpKceHRA. ECJIH BaPhHpe>BaTIo KOOf1ABHaTW TO'Ielt Ha6JtlOlJ;eHHii, TO 
MO:lQIO DOAOOpaTh Taxoc HX DOJIOJKeHHe, npH KoropoM OQeHlCa <14a) npllMer MHHH­
M3JlhHOe 3Ha1leHBe. nOCKOJIhKY npaBaSl 'IaCTh HepaseHCTBa (148) npeACT3BJIJler co6oA 
ou;eHICY MaKCRMaJlbHoA norpemHOCTH B onpell,eJleHHH napaMerpoB I'Hn~eHTpoB, TO 
npHXOAHM It MHIIHMaKCHOH 3aA~e onpeAen:eHHSI OIlTHM3JlItHOro pa:lMeIQeHHSI ceiic­
MB'lecJtHX CTaBU,IIA Ha :leMHON mape. TaKBM 06pa30M, aaAa1lY onpeAeJleHHSI onTH­
MaJIhHOA reoMeTpHH CHCTeMIJI HaMIOAeHHA MO";HO paCCMaTpHBaTIt KaK 33Aaqy MH-· 
HBMH3a~B u.en:eBoii ~YHKU,HH 

I = urn II sin (d/R) (1)/a.II, 

a TO'IHee, HeKOTOporo ~YHKU,HOH3Jla OT ~eJleBOH ~YHKU,HH I (3]. 
Qr06... BIJIJlBBTh HaH60JIee 06m;He ~prlJl ODTRMaJIhHOH CHCTeMN CeiiCMOJIOl'H'lecKHX 

aa6moAeHHR, He06xOAHMO nOAp06Ho paCCMOTpeTh IJ;eJleBYIO <j>YHKU,HIO I. npeACTaBHM 
(j)YHKU,HIO I B BRAe npOH3BeAeHHJI ABYX(j)YHKU,HH II = IIK+" H 11 = \lsin (d/ 
/ R) (1)/a. II H paCCMOTpHM (j)YHKU,HIO I,. 

llyCTIt MaTpHu,a K SlBJlJleTCSI MaTpau.eA nOJlHoro paHra. TorAa.llJiJl "K+" cnpaBeAJlHBa 
AByCTOpoHHSISI ou;eHKa (1] 
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.lVrJl 'IHena 06YCJlOBJIeHHOCTH MaTJ}HIl,1lI K, paBHoro cond (X) = IIKII IIK+ II, COOTBer­

CTBYJO~j( O~eHKa HMeer B~ 

11 (X) s cond (X) S 11 (X)/ ~ (K), 
III 1 III \12
 

rAe 11 (X) = (L ---=-;;: L II kiP ) ;
 
j_1 IIkj lr j-' 

~ (X) = (d:t (~K») \12.

\.
 nIIkj lf
 
j-' 

! - PaCCMOTpHM BeJIH'IHHIll ~(K) H l1(.K). BeJIH'1HH3 ~(K) xapaKTepH3yer CKomeHHOCTb 

MaTpHW>l K H HMeer npocroi reoMerpH'IecKHH CMllIen: ~(K) cyn OTHOmeHHe om.eMa 
, . ,	 napaJJJleJIenHneAa, HaTJlHYTOro Ha BeKTOPIlI-er0Jl6~1lI MaTpH~1lI K, K om.eMy npgMO­

yI"OJll>HOro napaJJJlenenHneAa C pe6paMH 'lOA xte AJlHHIll. O'leB~HO, 'ITO 0 S 

S ~ (X) S 1 H paBeHCTBO ~(X) = 1 AOCTHr3eTCg B TOM eny'lae, eCJIH BeKTOplll-CTOJI6~1lI 
MaTpHW>l K B3aHMHO OproroH3JlbHIlI. EcnH ~(X) = 0, TO 3TO 03Ha'laer, 'ITO BeKTO­

plll-CTOJI6JV:i MaTpHIl,IlI K nHHeiiHo 3aBHCHMIll H BeJIH'IHHa I IK+ I I CTaHOBHTCg Heor­

paHH'IeHHO 6omtmoii, a CHCTeMa nHHeiiHllIx 3JIre6paH'IecKHX ypaBHeHHH (CJIAY) ­
BlllpoxtAeHHoA. 

:8eJIH'IHH3 11 (X) ~ m H xapaKTepH3yeT HepaBHOBeCHOCTb no CTOJI~M Ma~ K. 
npH'IeN paBeHCTBO 11(X) = m AOCTHr3eTCg, eCJIH HOpMIlI cron6~OB MaTpHW>l paBHIlI 

MextAy co6oii, T. e. Ha paBHOBecHIlIX no CTOJI6~M MaTpHu,ax. EcnH AJlHHa OAHOro 

H3 BexTOPOB-cron~OB MaTpHIl,1lI K CTpeMH1'C.H K Hymo, TO BeJIH'IHHa 11(K) H, ene­

AOBaTeJII>HO, II K+ II CTpeMgTC9 K 6ecKOHe1lHOCTH. B 3TOM enY'lae CJIAY TaKxte CTa­
HOBB'l'Cg BHpoxtAeHHoii. 

HaBOOnee YCTOii'lHBOe pemeHHe CJIAY HMeer B TOM eny'lae, KOma npH cl>HKCH:" 

poaaHHoii HOPMe MaTpHJV:i HCXOAHoii CHCTeMIll onpeAeJIHTeJIb HOpM3JlbHOii CHCTeMIll 
ypaBHeHHii npHHBMaer MaKCHManbHoe 3Ha'leHHe [1]. B 3TOM eny'lae 3Ha'leHHe 'IHena 
06YCJlOBJIeHHOCTH TaKxte npHHHMaer MaKCHMaJlbHoe 3Ha'leHHe. Eena paCCMaTpHBaTb 

CTOJI6JV:i MaTpHJV:i pa3MepHOCTH n X m K8K BeKTOplll B n-MepHOM npocrpaHCTBe, TO 

MaKCHManbHOMY 3Ha'leHHIO onpeAeJIHTeJIg HOpM3JlbHOii CHCTeMIll COOTBeTCTByer MaK­

CHManbHIlIA om.eM m-MepHoro napaJJJleJIenHneAa, HaT9HYTOro Ha BeKTOplll-CTOn6JV:i 

MaTpHJV:i. 
06paTHMcg K CHCTeMe (5). 3anHmeM AJlg Hee MaTpHu,y HOpM3JlbHIJIX ypaBHeHHii: 

II" " LU: LU,~ LU,W,,.., '=1 '-I 
j'	 II" " 

(17)lJ=K'K= LU'~ Lt? L~w, 
, . '-I '-I '-I 

II" " 
LU,~ L~W, LwJ 
tal ,-, 1-, 

CornaCHO 4JoPMyne BHHe - KomH [6], OnpeAeJIHTeJIb MaTpH~1lI B paseH 

2 

" 
(18) 

Ifl2<I3 
det (B) = L uI]	 vI] wI] 

uI]	 ~3 W'3 

j 
3H3'1eHBe KaxtAoro onpeAeJIHTeJI9, CT09~ero nOA 3HaKOM CYMMIlI B 4JoPMyne (18), 

paBHJleTCJI ymecTepeHHoMy 3H3'1eHHIO 06beMa Terpa3Apa C BepmHHaMH M'I (u'" V'I' 

w,,),	 MI] (uI]' ~2' wI])' MI] (uI]' ~3' wI])' pacnOJlOxteHHIlIMH Ha ccl>epe eAHHH'IHOro pa­
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AHyea, H BepWHHOH M o (0, 0, 0) B u,eHTpe 3TOH cct>ephl. TaKHM 06pa30M, OnpeAeJJHTeJJb 

MaTpHu,hI (17) HOPMaJIbHhlX ypaBHeHHH paBeH 36 cyMMaM KBMpaTOB 06beMoB Bcex 

TeTPa3APOB C BepWHHaMH Mo, M jl , M lz ' M 13 • 

TIOH9THO, 'ITO ecJIH BCe BepWHHhI(KpoMe TOH, 'ITO COBnaAaeT C· u,eHTpoM c<!Jephl) 

TeTpa3APOB Jle~aT Ha OAHOH Ayre 6OJlbWOro Kpyra, TO 06beMhI COOTBeTCTBYIOm.HX 

TeTpa3ApoB 6YAyT paBHhI HyJlIO. 3TO 3Ha'lHT, 'ITO ecJIH BCe TO'IKH Ha6J1IOAeHHH Jle~aT 
Ha OAHOH Ayre 6onbWOro Kpyra, TO OnpeAeJJHTeJJb CHCTeMhI HOPMaJIbHhlX ypaBHeHHH 

6YAeT paBeH HyJlIO, a eaMa CHCTeMa 6YAeT Bhlpo~eHHoH. 
MaKCHMaJIbHOe 3Ha'leHHe onpeAeJJHTeJJb MaTpHu,hI (7) npHMeT B TOM CJly'lae, 

KOma cyMMa KBMpaTOB BeJJH'IHH 06beMOB Bcex TeTpa3ApoB, BnHeaHHhlX B eAHHH'IHylO 

cct>epy, 6YAeT MaKCHMaJIbHOH. Ka~hlH Ha60p TO'IeK Ha c<!Jepe npeACTaBJIgeT co6oH 

Ha60p BepWHH HeKOTOporo MHororpaHHHKa, 06beM KOTOPOro paBeH cyMMe 06beMOB 

COOTBeTCTBYIOIIJ,HX TeTPa3ApoB. 113BeCTHO [5], 'ITO MHOrorpaHHHK, HMelOlIJ,HH eaMHIH 

6onbWOH 06beM CpeAH Bcex MHororpaHHHKOB C AaHHhlM 'IHCJlOM BepWHH, BnHeaHHhlX 

B KaKylO-TO <!JHKCHpoBaHHylO rJlMKYIO BhlnYKJIYIO nOBepXHOCTb, 0693aTeJJbHO 9BJ1geTC9 

HCTHHHhlM MHororpaHHHKOM, KOTOPHIH HMeeT TOJIbKO TpeyroJlbHhle rpaHH, Jle~am.He 

B pa3JIH'IHhlX DJlOCK0CT9X. QT06h1 nOJlY'lHTb 'IHCJleHHhle 3Ha'leHH9 KoopAHHaT TO'IeK 

HaMIOAeHHH, COOTBeTCTBYIOm.He MHororpaHHHKaM C MaKCHMaJIbHhlMH 06beMaMH, He­

06xoAHMO npoAH~peHu,HposaTbonpeAeJJHTeJJb HOpMaJIbHOH CHCTeMhI ypaBHeHHH no 

COOTBeTCTBylOm.HM KoopAHHaTaM, npHpaBH9Tb npoH3BOAHhle K HyJlIO H peWHTb no­

Jly'lHBWyiOC9 CHCTeMY ypaBHeHHH. 

06paTHMC9 K paCCMOTpeHHIO <!JyHKU,HH J 3 = II sin (d/R) (1)/ IX II. TIOH9THO, 'ITO u,e­

Jlesa9 <!JyHKU,H9 J TeM MeHbwe, 'IeM MeHbwe 3Ha'leHH9 <!JyHKU,HH Jz. TIPH <!JHKCH­

posaHHOM nOJlO~eHHH mnou,eHTpa 3eMJIeTp9CeHH9 J z CTpeMHTC9 K HyJlIO npH CTpeM­

JleHHH K HyJlIO dl • TIPH <!JHKCHpoBaHHOM nOJlO~eHHH TO'IeK HaMIOAeHHH J z 9BJ1geTC9 

<!JyHKu,HeH KOOPAHHaT mnou,eHTpa. QT06h1 HaHTH MHHHMyM J z KaK <!JyHKU,HH KOOPAHHaT 

mnou,eHTpa, 3anHweM Jz B BRAe 

,lJ,H~peHU,HPY9nOCJleAHee Bhlpa~eHHeno U, V H W H npHpaBHHsa9 npoH3BOAHhle 

K HYJlIO, AJI9 onpeAeJJeHH9 KOOPAHHaT ODTH.MaJIbHOro mnou,eHTpa nOJly'lHM CHCTeMY 
JlHHeHHhlX ypaBHeHHH 

~ z (1)1 ~. (1)1 ~ (1)1 ~ (1)1
U LJ UI -;x + V LJ ujv. -;x + W LJ UIWI -;x = LJ Uj -;x , 

'=-I ' ':::II t '=1 t '-I t 

3aMeTHM, 'ITO MaTpHIJ,a 3TOH CHCTeMhI OTJlH'IaeTC9 OT MaTpHIJ,hI HOPMaJIbHhlX 

ypaBHeHHH AJI9 CHCTeMhI (5) TOJIbKO MHO~HTeJJ9MH (1)/ IXI H, CJleAosaTeJJbHO, AJI9 Hee 

cnpaBeAJIHBhI paccy~eHH9, npHBeAeHHhle Bhlwe. 
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