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Jns 3emnerpsicennit Kpeima 1980-1982 r1r. roma pydHas oOpaboTka IO JaHHBIM KPBIMCKHMX CTaHIHH
COIIOCTaBIICHA C pe3yJIbTaTaMu pacuera B cpene Maple BpemeHu B ouare, KOOpAHHAT THIIOLEHTPA M CKOPOCTH
BOJIH 10 aITOPUTMY Ha OCHOBE aHAJIUTHYECKOI'O PEIICHUSI YPAaBHEHUH NPSAMBIX BOJH. B cilydae KOMILIEKCHOTO
pemeHust Ui TIyOMHBI THIIOLEHTPA MPSAMOE HCIOJIB30BAHWE AHAIUTHYECKUX BBIPAXKECHHN OIONHIETCS
MOIIArOBBIM MOMCKOM Ha PaBHOMEPHOH CETKE B OKPECTHOCTH 5-TOUKH, 00pa3yeMoi COBOKYIHOCTBIO BpeMEH
BCTyIuIeHHH. OTMEUEHO XOpOIIee COTIache BOCCTAHOBICHHBIX KOOPAMHAT SIMIIEHTPA U BPEMEHHU B Oodare u
BO3MOXHOCTb, 110 KpaifHeil Mepe I JaHHOTO psija HaOIIOACHUH, TOIYIUTh Pa3yMHYIO OILICHKY ITyOHHBI.
Knrwouegvle cnosa: celicMUYHOCTD, cCelicMUYeCKasi CTaHIMSA, SMULCHTP, THIIOLEHTP, BpeMs B o4are, ypaBHEHHUs
IPSMBIX BOJIH, aHATUTHUECKOE PEILICHHE

BBEJIEHUE

B 80-x rogax mpommoro Beka 00paboTka HaOMIOIEHU HA CEHCMUYECKUX CTAHIIMSIX
KpI)IMa oTiIN4aJlaCb OYCHb BBICOKHMM Kad€CTBOM, YPOBCHb OBLI 3aaH NHnoxentuem
NBanosnuem [lonoBeM. Kaaper neicTBUTENHHO pEIIAlOT BCE, 0OpaIasich K 01aroqapHoit
CTOpPOHE MaMsTH, cienyeT BCoMHHUTH WMnbio bopucoBuua JyOomackoro m BuxTopuro
JMuTpueBHy YXaHOBY.

[IpumepHOo B 3TO K€ BpeMs aBTOpP OTHUX CTPOK, CTOJKHYBIIMCH C 3aaadei
BOCCTaHOBJIEHHUS] KOOPJMHAT TOYEYHOTO MCTOYHHMKA BHYTPH 3€MJIM IO BpeMeHaM Ipoodera
501051 BpEMCHaAM BCTyrUIeHI/Iﬁ Ha HECKOJIBKUX CTaHIIMAX, 06Hapy>1<1/m, qTo
MPOTPaMMHUPOBATH 3]1€Ch, COOCTBEHHO, HEYETO, aHATTMTUYECKOE PEellIeHUe 3a/1a41, CTapIe
KOTOPOH, MOXeT OBITh, TOJBKO €BKJIMIOBAa TEOMETpPHUS, NaXe B MNPEANOJIOKECHUN
MIOCTOSIHHOM ~ CKOPOCTHM  PacHpOCTpaHEHHs BOJH, OTCYTCTBYeT B  JIMTepaType.
Bocnomnnstoriee npoden pemieHue Toraa ObUIO BBIITMCAHO B ABYX BapuaHTax [1], ucxomis
U3 U3BECTHBIX BPEMEH NpolOera Ha YeTHIPEX CTaHLIMAX, AJIS 4ero TpeOoBajloCh 3HAHUE
BpEMEHH B ouare, u, B 0oiee MmocjaeJoBaTeIbHON MOCTAaHOBKE, IO 3aJaHHBIM BpEeMEHaM
BCTYIJICHUH Ha MATH cTaHuuAx. COOTBETCTBYIOIIyIO Iporpammy Ha s3eike POPTPAH
NPUNLIOCH "pa30aBUTh" MOMYIMIIHPHUECKIMU COOOPaKEHUSIMH, CKOITBKO-HUOY/ b TOHBIN
aHaM3 TOBEICHHA NapaMeTPUYECKOrO PELICHHUS, COAEPXKAIIEero  ONpPEeACIUTENN
YCTBCPTOrO M IIATOIO ITOPAIAKOB, ObUI HEBO3MOXKEH B OGCTaHOBKe, Koraa JOaHHBIC
NPUXOIWIOCH HAOMBATH Ha MepdoKkaprax, a MporpaMmy nedaT rpa)ukoB MUACATh CAMUM.
Tem He MeHee, y1aI0Ch BHECTH HEKOTOPYIO SICHOCTh B BOIIPOC O KOMIUIEKCHOM, BOOOIIE
rOBOps, XapakTepe pEeLIeHUs, IMOMY4YUTh Ja)ke oOllee MNPeACTaBICHHE O T'€OMETPHUU
o0JacTy BEIIECTBEHHOCTH B BHIE "'BbIeIeHHOTO siina [2].

B coBpemMeHHBIX peanusx BBIYHCICHHE ONMPEISIUTENS JTI000T0 TOPsAKa JOCTUTAETCS
C TIOMOIIBIO BCTPOCHHOM (DYHKIIMH, HampumMep, B nakere Maple, Ho 310, HECOMHEHHOE,
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NPOJIBMKEHHUE BIIEPE]] COCECTBYET C OCO3HAHUEM, TAK:KE HECOMHEHHOTO, (haKTa, IMEHHO,
TOTO, YTO C PACIPOCTPaHEHHWEM IIOBCEMECTHON TPAKTUKH LH(POBOI perucrpanuu
CBsI3aHBI OYCHb OOJBINHME TOTepH B 'celicMoJoTMYeCKOM KaHaie" wWHQopMamuu o0
OKpY’KaroIleM MHpe. MBI MOXXEM CBHJICTEILCTBOBATh, KaK CJIOBaM 'py4Has oOpaborka'
MOCTENIEHHO BO3BpAIIAETCS WX W3HAYANBHBIA CMBICT W [EHHOCTh, OJHAKO HCXOJHBIE
JAaHHBIE O KPBIMCKHX W KaplaTCKUX 3eMIIETPACEHHUSIX MPOILIOr0 BeKa ceiiuac MOXKHO
HAUTH TOJBKO B CTPEMUTEIHHO BETIIAIONIMX BhIMTycKax CelCMOIOrMYecKOTo OFJIICTEHS,
MPaKTUYECKA HEAOCTYMHBIX BHE KpPBIMCKMX cTaHimid. [lpencraBisercs mosTomMy HE
TOJIBKO Pa3yMHBIM, HO ¥ HEOOXOAMMEIM CO3/IaTh CBOETO POJa DJIEKTPOHHOE XPaHIUTUINE
pelieHuil 3a1auyu pacyera KOOpJAUHAT TUIOICHTPOB, MPEUMYILIECTBEHHO 3EMJIETPSCEHUN
Kpeima, rae Obutv OBl YHOPSIOYEHBI U OOBCIUHEHBI, C OJHOW CTOPOHBI, CBEICHUS O
BpeMEHax BCTYIUICHHH W pydHOUW 00paboTKe, M ¢ JpyToil, — pe3yibTaThl pacdera, B TOM
YHUCIIe BPEMEHH B Odare, IO IMSATEPKaM BPEMEH BCTYIUICHHH TMPSIMBIX BOJH, UCXOIS W3
00I11ero BapuaHTa aHAIMTUYECKOTO perieHus [3].

1. OCHOBHBIE PE3YJIbTATbBI

Hwmwxecnenyromue TaOnuibl MPEACTABISIOT MEPBBI ONBIT B 3TOM HANpaBICHUH,
COIPOBOMM HX HEKOTOpbIMH NosicHeHusiMu. Crienyst [3], Bpems B ouare 1, xak dyHKuus

"ucruHubIx" (6€3 ydera ommMGOK u3Mepenus) Bpemen Beryruennii T, M=12,..5, ects
Attt

° 2t t,,t)]
cumBonbl 0, 1 d o3HauaroT ompenenuTEny S5-ro MOpsKa
1 1 1 1 1
S & & S &
d(fl’%Zz:--’fs)E i Xy X3 Xy Xs |y (1)
Yoo Yo Y3 Y4 Ys
L, I, I3 1, I

()

dt(é:l’§2"'1§5)5 X X X3 Xy Xg |, (12)

uepes X, Y Zn, M=12,..,5, 00603HaueHbl N€KAPTOBBI KOOPAMHATHI CEHCMHYECKHX
craniumii. Hayano KoopauHAT MOMENIEHO B LEHTP 3€MIIM, TOYKA (0,0,R) COBHAJAET C

CeBepHBIM MOJIOCOM, TOUKA (R,0,0) — C TOYKOHM MepeceyeHus] HyJEeBOro MEepUIuaHa U

170



[TAPAMETPbI 3EMJIETPSICEHII KPHIMA B 1980-1982 TOJIAX: PYUHAS
OBPABOTKA 1 PACYET I10 AJITOPUTMY HA OCHOBE...

sKkBaropa, 3mecb R — pammyc 3emmu. @ynkumm (11) u (21) MOryT, OTBICUYCHHO,
paccMaTpUBaThCS HA MHOMKECTBE TOYEK (51,52 &5 ) TMATHMEPHOrO apu(MeTHIECKOro

MPOCTPAHCTBA, TMPOCTPAHCTBA TMATEPOK BEIISCTBEHHBIX uucen. JlobaBum eme, YTO
¢ysaxmmst (1) coxpaHsieT BO3BMOXKHOCTh BBIOOpa Hadalla OTCYETa BPEMEHH, €CJIH BpeMeHa
BCTYIUICHUIA CMEIIAIOTCS Ha HEKOTOPYIO MOCTOSHHYIO, BpeMsl B OUare CMenlaeTcs Ha Ty
K€ TIOCTOSIHHYO.

I'myOuna rumomeHtpa wu  "dddexkTuBHas"  MOCTOSHHAS  CKOPOCTH  BOJH
BOCCTaHABIMBAIOTCS IO BpPEMEHaM BCTYIUICHWH, HO B CJIydyae HEHYJICBBIX OIIUOOK
HAOJTIOJICHUI HE BCET/Ia BEIECTBCHHEI,

%:1—a+\/a2—1, (2)

VZ= 2R|d]| (cx— az—l), 3)
Jdi+dJ +d?
1 d?+4dd

o= : (4)
4R|d] [d? +d? +d?

2 1>
YUCTO MaTEMATHUYECKH YCIIOBHME BelIECTBEHHOCTH o3Hawaer « —1> 0. BooOwe, B

cucteMe obo3HaueHuii jobasnenne k cumBony O Hwknero mmmekca 1, X, y, Z, t
O3Ha4YaeT 3aMeHy B HEM COOTBETCTBEHHO Ka[oro u3 smementos 1, X, Y,, Z,, t, Ha

tﬁ (N —"HOMEp cTONOMIA), TOAPOOHOCTH B CTaThe aBTOpa [3].

Kak mocrtynare, ecnu riyOMHa WCTOYHHWKA MoJNy4aeTcsl KomruiekcHoi? [larepka
UCXOJHBIX BpEMEH BCTYIUICHHH, WIM 5-TOYKa apu(METHYECKOrO0 IPOCTPAHCTBA,
IpEeBpallaeTcss B IIGHTP HEKOTOPOro 5-Ky0a, CMEIIEHHOTO0 OTHOCHUTENIbHO Hauaia
KOOpJMHAT, €CIM Mbl MPUHUMAeM, YTO BpEMEHa BCTYIUICHWH HM3MEpeHBl ¢ OmHuOKoi (B
JJAaHHOM cirydae npuHsaTa paBHoi 0.2 ¢). Torma ¢ HEM30€XKHOCTBIO CIIEAYET NPU3HATH, YTO
BCE TOYKM 5-KyOa Ui HAac OJMHAKOBO LIEHHBI (HO, MOKET OBITh, HE IKBHBAJICHTHBI) B
cMbiciie mH(pOpMalMU O KOOpAWHATaX HWCTouHWKa. He OyaeM nenars ympomiarommx
HPEANONIOKEHUH O pachpefeneHny omuboK B mpenenax 5-ky0a, MPOCTO YCTPOUM
HOMIATOBBI MOMCK Ha JOCTATOYHO MEJIKOH CETKE C MPOBEPKON BEIIECTBEHHOCTH Ty OHHBI
B KaXJIOM y3JIe CEeTKA. MOXKET CIy4UThCS, YTO, XOTS B LIEHTpEe KyOa 3HaYeHUE IIyOUHBI
KOMIUICKCHOE, HaieTcs XOTS Obl HEOOJbIIOE YHCIO BHYTPEHHHMX TOYEK Kyba ¢
BEILIECTBEHHBIM 3HAYCHUEM (3aMETHM, YTO, OYEBU/IHO, BEIECTBEHHOE 3HAYCHUE IITyOHHBI
B LICHTPE HE TapaHTHPYET BEIIECTBEHHOCTH BO BCEX TOUKax KyOa). Bo3amMoxkHO, 4TO Takum
CIOCOOOM TIOJy4aeTcss HEKOTOpas OIeHKa TIIyOWHBI (IIPEIOoCle/HsIsE CTpOKa TalJIwil,
MUHMMAJIBHOE M MaKCHUMaJbHOE 3HAUYEHHUsI B KPYIJIBIX CKOOKaxX, TO €CThb MHTEpBajl, B
CUTyallld KOMIUJIEKCHOTO 3HaueHHs B IIEHTpe). TOIbKO CIOBO "KOMIUIEKCHOE" B CTpOKE
03HAYaeT, YTO B 5-Ky0e HET TOYEK C BEUIECTBEHHBIMH 3HadeHusMu h,V . Eciu
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BEIICCTBCHHOE 3HAYCHHUE B LEHTPE CYIIECTBYET, MPHBOAUTCS MPOCTO TPOHKA YHMCEl,
O3HAYAOIIAst OCJICI0BATEIIHHOCTh:

MUHUMYM B 5-Ky0Oe, 3Ha4eHHe B IIeHTpe 5-Ky0a, MakCHMyM B 5-KyO0e,
AQHAJIOTUYHO U JJIs1 TOCTOSSHHOM CKOPOCTH BOJIH. B Tabnuuax MOXKHO BCTPETUTH 3HAYCHUS
Bpone h=0.14 xu, HO, ecM BCIIOMHUTD, YTO AJITOPUTM OCHOBAH Ha MOJIEITN HCTOYHHKA B
BUJE TEOMETPUYECKOM TOYKM M TPEACTaBIEHHMH OO0 OJHOPOJHOM H30TPOITHOM
HOJIYTIPOCTPAHCTBE, BCE CTAHOBUTCSA Ha CBOM MecTa. BooOmie, He oTOpachIBaroTCs M HE
"3aMamduBalOTCA" HHKAaKWe 3HA4YSHHs, BCE IIOMy4YEHHBIE B pacderax OICHKH 0e3
WCKITIOYEHHUS TIEPEHECEHBI B TaOJIHIIBI.

O6o3HaueHuss TpPaAWLMOHHBI Ui TPEKHUX BBITYCKOB CellcMOIIOrnuecKoro

Oronnerens [4, 5], paccuurannble 3HayeHus l,, ¢, A B KaxJIoi CTpOKe MPUBOAATCS B

MOCJIEIOBATEIBHOCTH
Pa3HOCTh MUHUMAJIBHOTO 3HAYEHHS B 5-KyOe v 3HaYCHUS B IIEHTpE S5-KyOa,
3HAYCHHE B LIEHTPE 5-Ky0a,
Pa3HOCTh MAKCUMAaJIbHOTO 3HAUEHUS B 5-KyOe 1 3Ha4eHUs B LIeHTpe S5-KyOa.

Tabmmna 1.
Bpemena BeTyruienwid, pyuHast 00paboTKa ¥ pe3yJIbTaThl pacuera Mo alropuTMy
AHATUTHIECKOTO PEIICHUS YPABHEHHI TPAMBIX BOJTH
(cexyHIBI BpeMEHHU BCTYIUICHHUS U CEKYH/IBI BPEMEHH tq JOOABISIFOTCS K (to )hm)

MIPAMBIC BOJTHBI P IIPAMBIC BOJIHBI S

1 2 3

CoobrTue 1(1) 04.01.1980, =44°.56 N, A=34°.5 E, h =20 km,
to =14"13"10.5° no rogorpady, (to), = 14"13™

CEKYHObI BpeMeHU BCMYNIeHUS,
CeKyHObl 8peMeHU ecmynienus, gaza

daza

Cmob 21.4 ePg 28.5 iSg

St 18.0 ePg 22.5 iSg

At 15.4 iPg 18.7 iSg

Csc 23.0 iPg 31.3 eSg

dc 27.3 iPg 38.6 eSg

pacuem no aneopummy aHaIUMU4ecKo20 PeuleHus

CeKYHObI
8pemeHU -159 150 +0.92 -2.02 16.88 +1.27

to
©, 2pad -0.02 4457 N +0.02 -0.01 4457 N +0.01
A, 2pao -0.04 3443E +0.04 -0.02 34.44E +0.03

h, ku KOMIUIEKCHOE, B 5-ky0e (0.61, 6.67) | xommiekcHoe, B 5-kyoe (0.30, 7.93)

V, kulc | xomriekcHoe, B 5-kybe (6.36, 6.62) KOMILIEKCHOE, B 5-Ky0e (3.75, 3.93)
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CobbiTHe 2(2) 04.01.1980, Yepnoe mope, ¢=44°58 N, A=34°5 E, h =20 xn,
to = 14"19™56.7° mo rogorpady, (to),,= 14"20™

CeKYHObL 6peMeHU 6Cmynienus, aza

CeKyHObL 8peMeHy 6cmyniienus, gaza

Cmop 07.0 ePg 14.3 iSg
St 03.8 ePg 08.2 iSg
A 01.3 iPg 04.4 iSg
Cac 09.1 iPg 17.7 eSg
Drnc 12.8 iPg 23.9 eSg
pacyem no an2opummy aHaIumu4ecko20 peuleHus
CeKYHObL
spement 292 -041 +1.32 -3.155 0515 +1.86
Q, 2pad -0.02 4459 N +0.02 -0.01 4457 N +0.01
A, 2pao -0.04 3447E +0.04 -0.02 34.49E +0.02
h, xm  |kommuiekcHoe, B 5-ky0e (0.14, 22.81) 0.07 3.34 18.64
V, kmlC  |komiutekcHoe, B 5-ky6e (5.47, 6.96) 3.32 3.73 3.88

CobbiTe 3(6) 04.01.1980, Yepnoe mope, ¢=44°55 N, A=34°53 E, h =20 km,
to =22"48™31.0° mo rogorpady, (tg), = 22"48™

CeKYHObL 6peMeHU cmynienus, aza

CeKyHObL 8peMeHU 6CmynieHus, haza

Cmop 48.4 eSg
Ant 42.2 iSg
A 38.6 iSg
Cac 51.7 eSqg
[O)i(¢ 57.0 eSg
pacuem no ai2opummy aHaAIUMU4ecKo20 peweHus
CEeKYHObI
spement - 3.66 3419 +2.06
0, epad -0.02 4456 N +0.01
A, 2pao -0.02 3451E +0.02
h, xu 0.27 3.13 21.13
V, kmlC 3.31 3.78 3.9

CoobiTe 4(26) 18.03.1980, Uepnoe mope, 9=44°61 N, A=34°.96 E, h = 25 km,
to =17702"21.1° mo ronorpady, (to), = 17"02"

CeKYHObL 8peMenU 6cmynieHus, asza

CeKYHObl 8peMenU cmynienus, gaza

Cmd 34.3 ePg 44.31Sg
Ant 33.4 ePg 42.2 iSg
At 29.8 ePg 36.3iSg
Csc 38.1 ePg 50.7 eSg
Drc 31.8iPg 39.5iSg

pacdyem no ajieopummy aHadjiumu4ecKoco peuleHusl
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CeKYHObI
spement -3.844 2632 +1.80 -3.83  29.08 +240
0, epao -0.04 4466 N +0.04 -0.02 4464 N +0.02
A, 2pao -0.03 34.93E +0.04 -0.02 3495E +0.02
h, xm  |kommiekcHoe, B 5-ky6e (0.48, 26.41) |[kommiekcHoe, B 5-ky6e (0.64, 10.82)
V, kmlC  |komIutekcHoOe, B 5-ky0Oe (6.45, 7.21) |komruiekcHoe, B 5-kyOe (3.94,4.01)

CobbiTe 5(27) 18.03.1980, Uepnoe mope, =44°.63 N, A=34°.95 E, h = 25 km,

to =19"36™07.5° mo roporpady, (to),,=19"36™

CeKYHObL 6peMeHU 6CMYNieHUs, Gasza| ceKyHOvl 6pemeHu 6cmynienus, aza
Cmod 19.6 iPg 29.2 iSg
Ant 18.7 ePg 27.7iSg
A 15.1 iPg 21.5iSg
(6):1¢ 23.4 iPg 36.7 eSg
Ddrc 16.2 Pgi 24.0 iSg
pacuem no aneopummy aHATUMU4eCcKo20 PEueHs
CeKYHObl
spement -3.96 1155 +1.83 -543 1133 +3.23
©®, 2pao -0.04 4466 N +0.04 -0.02 4467 N +0.02
A, 2pao -0.04 3497E +0.04 -0.02 34.94E +0.02
h, xku KOMIDIeKCHoe, B 5-kybe (1.51,23.83) | xommiekcHoe, B 5-kyoe (0.45, 32.98)
V, xulc KOMIDIEKCHOE, B 5-ky0e (6.58,7.15) | xommiekcHoe, B 5-kyOe (3.42,3.93)

CoobiTHe 6(29) 18.03.1980, Uepnoe mope, =44°.7 N, A=34°.9 E, h =20 km, t, = 20"

31M29° mo rogorpady, (to),, = 20"31"

CeKYHObL 8pemenU 6cmynieHus, asza

CeKyHObl 8peMeHU ecmynjenus, gaza

Cmd 40.7 ePg 50.6 eSg

Ant 40.5 ePg 49.5 eSg

A 36.4 ePg 42.6 iSg

Cac 44.8 ePg 58.3 eSg

Dc 38.2 ePg 46.1 iSg

pacuem no ancopummy aHAIUMU4ecKo20 PeueHsl
CeKYHObL
spentent -244 3409 +1.32 -341 3522 +227

©, 2pad -0.04 4472 N +0.03 -0.02 4469 N +0.02
A, 2pao -0.03 3491 E +0.04 -0.02 3492 E +0.02

h, xm KOMILIEKCHOE KOMIUIEKCHOE, B 5-ky0e (2.34, 6.74)
V, kmlc KOMILIEKCHOE

KOMIUIeKCHOe, B 5-kyoOe (3.70, 3.72)

Coobitue 7(31) 18.03.1980, YUepnoe mope, ¢=44°7 N, A=35%.0 E, h =20 km,

ty = 22"58703.0° mo rogorpady, (to ), = 22"58™
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CeKYHObL 6peMeHU cmynienus, aza

CeKyHObL 8peMeHy 6CmyniieHus, aza

Cmd 16.5 ePg 26.0 eSg
St 15.8 ePg 24.9 eSg
A 12.2 iPg 18.7 iSg
(@:1¢ 20.7 ePg 33.7 eSg
Dnc 13.1 ePg 20.7 eSg
pacuem no aicopummy aHAIUMU4ecKo20 PeuleHus
CeKYHObL
spentent | -585 730 +241 -5.87 813 +341
0, 2pao -0.04 4468 N +0.03 -0.02 44.69 N +0.02
A, 2pao -0.04 34.97E +0.04 -0.02 34.95E +0.02
h, ku ZZI\EJ)IGKCHOC’ B 5-Kyoe (1.54, KOMIUTEKCHOE, B 5-kyOe (0.28, 36.84)
V, kmlC  |komriutekcHoe, B 5-ky6e (5.75, 7.19) |komrutekcHoe, B 5-kyOe (3.40, 4.01)

Co6biTne 8(36)* 17.05.1980, Yepnoe mope, 9=44°22 N, A=34°43 E, h =5 km,

ty =22"07™54.0° o rogorpady, (ty), = 22"08"

CEKYHObL 6peMeHy cmynienus, gaza

CeKYHObL 8peMenl 6CmynieHus, asa

Cmd 6.2 ePg 17.8 eSg

Ant -0.5iPg 04.1 iSg

A 1.5iPg 08.0 iSg

Cgc 4.4 iPg 13.3 iSg

(O 12.8 ePg 27.7 eSg

pacdem no ajicopummy aHaiumuiecKkoco peulerHus
6;22/::;10 -10.93 517 +2.73 -12.34 -10.10 +5.42

0, epad -0.09 44.36 N +0.07 -0.05 44.23 N +0.04
A, 2pao -0.05 34.34E +0.08 -0.03 3443E +0.04

h, ku 0.14 20.96 63.68 0.79 27.18 56.27
V, kmlcC 4.45 6.28 7.15 2.59 3.16 3.53

CobbiTe 9(44) 26.07.1980, Yepnoe mope, ¢=44°.39 N, A=34°35 E, h =22 kn,
to =00"19™27.5° mo ronorpady, (o), = 00" 19"

CeKYHObL 8peMenU 6cmynieHus, asa

CeKYHObL 8pemenU 6cmynieHus, asza

Cmd 40.1 iPg 48.6 iSg
St 33.0 iPg 36.8 iSg
A 35.2 iPg 40.5 iSg
Cgc 38.2 iPg 45.6 eSg
Dac 475 ePg 61.2 iSg
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pacdyem no ajicopummy aHajiumudecKoco peueHusl

CEeKYHObl
epeﬂfenut -830 2842 +256 -496 29.95 +2.67
0
0, 2pao -0.08 44.37 N +0.06 -0.04 4439N +0.04
N, 2pao -0.05 34.32E +0.07 -0.03 34.31E +0.03
h, km 0.93 20.22 52.78 8.11 18.20 32.07
V, xmlc 450 5.90 6.68 3.18 3.58 3.87

CoobiTue 10(49) 28.07.1980, Uepnoe mope,

@=4494 N, %=343 E, h =24 xn,

to =05"16™22.7° mo rogorpady, (to),,=05"16™

CeKYHObL 8peMenU 6cmynieHus, asza

CeKyHabl 6pEMEHU 6CMYNIEHUA, d)a3a

Cmop 35.5 iPg 43.8 iSg

Ant 28.1 iPg 31.6 iSg

A 30.2 iPg 35.3iSg

Cac 33.6 iPg 40.8 eSg

Drc 43.5 ePg 57.3 eSg

pacdem no ajicopummy aHaiumuieckoco peuleHus
6;273::;; -1243 2226  +3.23 -540 2405 +2.89

¢, epao -0.08 44.38 N +0.06 -0.04 4440N +0.03
A, 2pao -0.05 34.33E +0.07 -0.03 34.31E +0.03

h, xu 7.34 25.01 64.88 10.23 19.84 33.65
V, kmlc 3.80 5.30 6.12 297 3.35 3.63

Co6biTae 11(13) 01.04.1981, Kpbim, ¢=44°76 N, 2=34°.31 E, h =20 km,
to = 167337 33.4° no roxorpady, (to),, = 16"33"

CeKYHObL 8peMenU 6cmynieHus, asza

CeKyHObl 8peMeHU 6cmynienus, aza

Cmop 43.6 iSg

St 46.1 iSg

A 40.9 iSg

Cac 52.1 eSg

dnc 59.4 eSg

pacyem no aneopummy aHaIUmu4ecKo20 peuleHusl
o 5ot s +360

©®, 2pao -0.01 4478 N +0.01
A, 2pao -0.02 34.36 E +0.02

h, xu 10.77 24.15 44.10

2.69 3.36 3.85

V, kmlc
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[pomomxenue Tabuuip! 1.

CobbiTne 12(44) 13.09.1981, Yepnoe mope, ¢=44°56 N, A=34°52 E, h=11-20
to =07"46™13.3° no rogorpady, (to),,=07"46™

Cel(’yH()bl 6peMEHU 6CM)NJIEHUA, (17(13(1

CeKYHObL 8peMeHU cmynieHus, aza

Cmd 31.8 eSg
Snr 24.1 eSg
A 19.2 eSg
Csc 34.8 eSg
0 (¢ 39.4 eSg
pacuem no ai2opummy aHAIUMU4EecK020 PeueHus
CeKYHObI
spement -0.64 1744  +1.17
¢, epao -0.02 4452 N +0.01
A, 2pao -0.02 3455E +0.02
h, xm KOMIUIEKCHOE
V, kulc KOMILJICKCHOE

Co6biTie 13(81)** 09.12.1981, YepHoe mope,

0=44°54 N, 1,=34°60 E, h =15 kn,

ty =03"24™03.7° no rogorpady, (t), = 03"24™

CEKYHObL peMeHy cmynienus, gaza

CEKYHObL 6peMeHy cmynienus, asza

Cmd 21.9 eSqg

St 15.9 eSg

A 12.2 iSg

Cac 26.6 eSg

e 31.1 eSg

paciem no arcopummy aHatumu4ecKo2o peueHus
CeKYHObL
spenent | -1040 0.64 +4.65

¢, epao -0.02 4457 N +0.01
A, 2pao -0.02 3455 E +0.02

h, ku 15.32 28.62 48.43
V, kmlC 2.34 288 3.30

Co6biTne 14(1) 07.01.1982, Yepnoe mope, ¢=44°55 N, A=34°55 E, h = 15 kn,
to =04"55™34.7° o rogorpady, (to), = 04755

CeKYHObL 6peMeHy cmynienus, gaza

CeKYHObL 8peMeHU 6Cmynienus, gasza

Cmop 52.1 eSg
St 46.7 iSg
A 41.8 eSg
Cgc 56.3 eSg

177




Kocmunckuit A.C.

[Ipomomxenne Tabuup! 1.

0 (¢ 62.6° eSg
pacdem no ajicopummy aHaiumu4ecKkoco peulerHus
CeKYHObL
epenen | -221 3855 +1.48
©®, 2pao -0.01 4460N +0.01
A, 2pad -0.02 3448 E +0.02
h, ku 0.08 3.34 14.24
V, kulc 3.28 358 3.71

CobbiTne 15(4) 15.01.1982, Yepnoe mope, p=44°52 N, A=34°47 E, h =15 kn,
to =13"01™58.7° mo rogorpady, (to), = 13"02™

CeKYHObL 6peMeHU 6cmynienus, aza

CeKyHObL peMeHU 6cmynienus, aza

Cmdp 14.7 eSg
St 07.0 iSg
A 04.9 iSg
Cic 16.7 iSg
[0 ( 28.6 eSg
paciem no aneopummy aHaIUMu4ecko20 peueHus
CEKYHObI
spestentt -478 281 +193
©®, 2pao -0.02 4457 N +0.01
A, 2pao -0.04 34.34E +0.05
h, xu KOMIUIeKCHOe, B 5-kyOe (0.11, 17.58)
V, kulc KOMIUIEKCHOE, B 5-ky0e (3.14, 3.56)

CobniTe 16(7) 15.02.1982, Kpuim, =44°.76 N, 1=34°25 E, h =10 km,
to = 14"00™25.9° mo romorpady, (to),,,= 14"00™

CeKYHObL 8pemenU 6cmynieHus, asza

CeKyHObl 8peMeHU 6cmynjenus, gaza

Cmd 35.1 iSg
St 36.6 iSg
A 31.4 iSg
Cac 42.9 eSg
dnc 53.0 eSg
pacyem no aneopummy aHAIUmMu4ecKoe0 peuleHus
o s w0 s2a0
©®, 2pao -0.01 44.75N +0.01
A, 2pao -0.02 34.31E +0.03
h, ku 0.40 15.37 29.33
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V, kulc | 291 3.37 371

* — 8(36) nmaer mpuMep ceHCMHYECKOTO COOBITHS, B MaKCHMAaJbHOH CTENEHH AEMOHCTPHPYIOIIETO
HEyCTOH4NBOCTh (GYHKUUM [(: IpU M3MEHEHUM BPEMEHH BCTYIUICHHS Ha cTaHimu CuMbeponons Ha

22" 08™ 07.2° ommbKy B ompeeeHHH BpeMeHH B oyare gocturarot 13700 c.
** — 13(81) maer eme OAMH NMpUMEP CEHCMHYECKOTO COOBITHS, TEMOHCTPUPYIOIIETO HEYCTOHIMBOCTH

¢yHkuun tq: npu M3MEHEHMM BpeMeHH BCTYILIEHHs Ha crTaHuuu SDita ma 03" 24™ 14.9° ommOku B

OTpeieNIeHHH BpeMeHu B ovare gocturarot 52000 c.

BBIBO/IbI

ITo wroram 1980-1982 rr. HabmromaeTcs HEOOJBIIOE YHMCIO, HMEHHO 16,
3eMyIeTpsiceHui pernoHa YepHoro mMops, Uil KOTOPBIX MOXHO C(OPMHPOBATH MATEPKU
BpEMCH BCTYHJ]CHI/Iﬁ IMpAMBIX BOJIH Ha KPBIMCKUX CTaHIHAX. Vixke 6CI“JH>II\/'I B3I Ha
pe3yibTaThl PAacyeTOB IIOKA3bIBAET OUYCHb XOPOLIYI0 COIJIACOBAHHOCTH OIPEAETICHHUS
SMUIIEHTPA, BO-TIEPBBIX, C Pe3yIbTaTaMH PYIHOH 00padOTKH criocobamu 3acedek, Bagary,
W TaleToK W30XPOH, KaKOBBIE CIOCOOBI HBIHE, Ka3ajJoch Obl, JOJDKHBI Ka3aTbCs
ApXandCCKUMMU. BO'BTOpI)IX, KOOpAWHAThI SIIMICHTPA, paCCUUTAHHBIC JIA CEeMCMHUYECKOT0
coOBITHA OTAENbHO MO P- W oTAensHO WO S-BomHAM, B TeX ClydasX, KOTJa TakKoe
BO3MOXHO, SIBHO HE OOHAapYyXHMBalOT XaoTHUYecKoro pazbpoca. Bce 3To wmmmoctpupyer
W3BECTHBIA OMBIT MPAKTUYECKUX CEHCMOJIOTOB, MBICIH O TOM, YTO '"SIHUIEHTP BCEraa
ONpEeNEseTCs. XOpOoWo", TOJNBKO 34ECh "XOpOIIO" HMEET CTPOTYyI KOJIUYECTBEHHYIO
OIICHKY, HE 3aBUCSIIYIO OT JUYHOCTH 00paboTymka. UTo Kacaetcs TIyOHHBI THIIOLEHTPA,
TO, JCHCTBHUTENBHO, IyTEM IIOIIArOBOTO IMOMCKAa B S5-KyOe OMMOOK MOYTH BCeraa
MOJy4aeTcsl HEKOTOpasl OLEeHKa IIyOuHBI (2 CHUTyallud C IOJHOCTBIO KOMIUIEKCHBIM
pewenneM). ['yOuHa HeycTOWYMBAa OTHOCHUTEIBHO OLIMOOK, 3TO, B TOM YHCJE, U OIIBIT
JOKOMTIBIOTEPHOU CEHCMOJIOTHH, HO alTOpPUTM Ha OCHOBE aHAIMTHUYECKOTO pEIICHUS,
IIyCThb W B CIHIIKOM YIPOINAIOIIEM IIPEANOIOKEHUN ITOCTOSIHHOW CKOPOCTH BOJIH,
YHHUKaJCH B TOM CMBICJIE, YTO IO3BOJSIET OOpaTHTh BHUMAHHE €Ie Ha OJUH AacleKT
npobieMsl. MIMEHHO, NPEANoIoXKUM, YTO apu(pMETHUYEeCKOe S-TIPOCTPAHCTBO, B TOUYKaX
KOTOPOTO oTpeenensl, Hanpumep, yukiun (11) u (12), HageneHO EBKIMI0BON METPHUKOH
U BJIOXKEHO B €BKIMIOBO O-IPOCTPAHCTBO, 00pazyeMoe Kak NpsSMOE MpPOHM3BEICHHE Ha
BEIIECTBEHHYIO OCh 3HAUYCHMH NEpEeMEHHOW Z (He JOJDKHO BO3HUKHYTH ITyTaHULBI C
0003Ha4YEeHNEM COOTBETCTBYIOIIEH KOOpAMHATHI runonentpa). Oynkmnus (1) cymecTByeT
MU JTFOOBIX 3HAYEHHSIX apTyMEHTOB, YpaBHEHHE

N GRS
2d (5,850 85) |

ONpEeAEIAET 5S-TUIEPIIOBEPXHOCTh BO BMELIAIOIIEM MPOCTPAHCTBE, CO CBOEH BHYTpEHHEH
reoMeTpuel, NHBAPHAHTHOW OTHOCHUTEIBHO HM3rnbaHug. C MOMOIIBI0 HHCTPYMEHTapus
PUMaHOBOM I'E€OMETpUM IEpel]] HaMU Pa3BOPAYMBACTCS KapTUHA CBOMCTB  KPUBHU3HBI,
CBOICTBA, ONMCHIBAEMBIE COOTBETCTBYIOIIMM TEH30pOM PrMaHa, ero HWHBapHaHTaMH,

®)

MEHSIIOTCS. B 3aBHCMMOCTH OT TEKYIUEH TOYKH (51,952,..,955). JUisi CeHCMOIIOrNYeCKHX
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Hnon

IPUIIOKEHHMIT 3TO JaeT "BHYTpeHHuIA", "H3HYTpU" COBOKYITHOCTH 6-TOUYEK (rfl 1Eorens ,Z),

OTBET Ha BOIPOC, HACKOJNBKO OOJbIIME W3MEHEHHUsl Mpou3ouayT c¢ ¢yHkuueit (1), ecim
"cierka" M3MEHUTH OJHO WM Cpa3y HECKOJIBKO BpeMeH BCTyIUIeHHH. CI0XKHOCTh B TOM,
YTO MbI UMEEM [J€JI0 C MHOIOMEPHBIM IIPOCTPAHCTBOM M HEBEPHO OBLIO OBl UMETH IEpes
riazamMd  o0pa3 JOBYMEPHOW MOBEPXHOCTH-IUICHKH, TJAJKOCTb, WM, HAlpOTHB,
"B3ABIONIEHHOCTE" KOTOPOW oOmpenensieTcs OBYMs TJaBHBIMH KpUBHU3HAMH U HUX
MpOM3Be/IeHNEeM, rayccoBod KpuBH3HOHM. Tenzop Pumana S5-mpoctpanctBa mmeer 625
KOMIIOHEHT, U3 HUX 50 CyIIeCTBEHHBIX (HE3aBUCHMBIX), B OOILIEM Cilyyae KpHUBH3HA 5-
NPOCTPAHCTBA B KaXK10i Touke onpenesnsiercs 40 Bennunnamu [6]. iMenHo B monagaHuu
5-TOYKM BpEeMEH BCTYIUICHHH B 00NacTh PE3KOI0 BO3PACTAHUSI OJHOIO U3 MHBAPUAHTOB
KPHBH3HBI, MOXKET KPBITHCS IPUYMHA AaHOMAJIbHO OOJIBIINX OTKJIOHEHHH BPEMEHHU B ovare
1 r1yOuHs! (Tabnuna 8, 13, OTKIOHEeH!Us BBIACTICHBI MOTYKUPHBIM LIPUPTOM).
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CRIMEA EARTHQUAKES PARAMETERS IN 1980-1982:
MANUAL PROCESSING AND CALCULATION BY ALGORITHM
BASED ON ANALYTICAL SOLUTION OF EQUATIONS OF DIRECT WAVES

Kostinsky A. S.

Institute of seismology and geodynamics FSAEI HE «Of the V.I. Vernadsky Crimean Federal
University», Simferopol, Republic of Crimea, Russia
E-mail: kostinsky@yahoo.com

For Crimea earthquakes in 1980-1982, manual processing according to the data of
Crimean stations is compared with the results of calculation of focal time, hypocenter
coordinates and wave velocity in the Maple environment, by algorithm based on analytical
solution of equations of direct waves. The solution is not always real, in situation of
complex depth of hypocenter the direct use of analytical expressions is complemented by
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a step-by-step search on a uniform grid in the neighborhood of the 5-point formed by the
set of arrival times. The quintuple of given times of arrivals, or the 5-point of arithmetical
space, turns into the center of some 5-cube, shifted relative to the origin, if we assume that
the times of arrivals are measured with an error (in this case, assumed to be 0.2 s). Then,
inevitably, it should be recognized that all points of the 5-cube are equally valuable to us
(but maybe not equivalent) in the sense of information about the coordinates of the
seismic source. No simplifying assumptions are made about the distribution of errors
within the 5-cube, just a step-by-step search is performed on a sufficiently detailed grid
with test of reality of depth at each node of the grid, modern speed parameters fully allow
this. It may happen that, although the depth value is complex in the center of the cube,
there is at least a small number of internal points of the cube with a real value (obviously,
the real value of the depth in the center does not guarantee reality at all points of the
cube). For Crimean earthquakes, in most cases in this way some estimate of the depth and
velocity of the waves is obtained (2 situations with fully complex solution). Good
agreement is noted in the calculations of the coordinates of the epicenter and time of
arrival, on the one hand, for P- and S-waves, and, on the other hand, for different
quintuples of stations (in the case of adding of observational data of Sochi station).

The calculations show, among other things, the instability of depth relative to errors, in
accordance with the experience of pre-computer seismology, but the algorithm based on
the analytical solution, albeit in an oversimplifying assumption of a constant wave
velocity, is unigue in the sense that it allows one to pay attention to one more aspect of the
problem. Namely, suppose that some instance of arithmetic 5-space is endowed with a
Euclidean metric and is embedded in Euclidean 6-space formed as a direct product to the
real axis of the values of some variable z (there should be no confusion with the
designation of the corresponding hypocenter coordinate). Analytical dependencies on
arrival times of focal time, hypocenter coordinates, etc. define 5-hypersurfaces in the
enclosing space, with its internal geometry invariant with respect to bending. With the aid
of well-known toolkit of Riemannian geometry a picture of the properties of curvature
unfolds before us, the properties described by the corresponding Riemann tensor, its
invariants, vary depending on the current point. For seismological applications, this gives
an “internal”, hidden in the dependencies, answer to the question of how large changes
will occur with the function, for example, focal time, if one or several arrival times are
“slightly” changed. The difficulty is that we are dealing with multidimensional space and
it would be wrong to have before eyes an image of two-dimensional surface-film, the
smoothness, or, conversely, “hilliness” of which is determined by two principal curvatures
and their product, the Gaussian curvature. The set of singular points, lines, and subspaces
generated by the analytical calculation of the parameters of seismic events needs to be
studied by purely geometric methods; if the 5-point of the arrival times falls into the
region of sharp increase in one of the curvature invariants, in that the reason for the
abnormally large deviations of focal time and depth may lie (tables 8,13, deviations are
shown in bold).

Keywords: seismicity, seismic station, epicenter, hypocenter, focal time, equations of
direct waves, analytical solution.
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