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Abstract

This article is dedicated to the analysis of Earth's crust fluctuations as recorded by the quartz
gravimeter GNU-KV. The authors explore how low-frequency oscillations, caused by natural and
anthropogenic processes, affect gravimeter measurements. Special attention is paid to the integration
of a video camera into the system, enhancing the precision and detail of the amplitude-frequency
characteristics analysis.

The study employs a comprehensive approach, including the use of Fourier transformation for
statistical analysis and determining the distribution parameters of the random variable. The analysis
indicates that the distribution of measurements closely approximates the normal distribution law,
affirming the method's accuracy and reliability.

This research is significant for understanding and predicting earthquakes, volcanic activities,
and other geodynamic processes. It also contributes to improving methods for monitoring geophysical
changes and can be applied in various geophysical fields.

The bibliography includes works on gravimetry and statistical analysis methods, underscoring
the interdisciplinary nature of the research.

VICTOYHUKOM TOCTOSIHHO DPETUCTPUPYEMBIX Ha MOBEPXHOCTH 3E€MHOM KOpbI KoJeOaHui
SBJISIOTCS MIPOLIECCHI €CTECTBEHHOI'O M TEXHOTCHHOI'O NPOUCXOXKACHUA. TeueHue BOOHBIX Macc B
peKax, CWIbHBIE OCaJKM B BHJE AOXKIA, BETEP, BOJHEHHE B AKBAaTOPUAX, PE3KHE H3MEHEHMS
aTMOC(epHOro JIaBJIeHHUs, ITPO30Bast AEATEIbHOCTb, BYJIKAaHUYECKHE APOXKaHHU U Je(pOPMHUPOBAHUE
Cpelsl MOJ BO3JCHCTBHEM NPUIMBA/OTIMBA, BapHallMM TPAaBUTALMOHHOTO IIOJIS, Yy/aJeHHBIE
3eMJIETPSICEHUS — BCE 3TO MOPOXKAAET KojeOaHUs cpe/ibl B IIMPOKOM Tuana3oHe yactoT — ot 0,01 no
JIECSITKOB, @ B OTJAEIBHBIX CIydyasX IO ThICAY repil. 3HAYUTENIbHBIM JOMOJHUTENbHBIA BKJIaa B
CeCMUYECKUH IIyM BHOCUT JESTEIbHOCTh YeNOBEeKa: padoTa MOIIHBIX arperaroB, TAKHX Kak
TUAPOTYPOUHBI M AJIEKTPOT€HEPATOPHI Ha 3JIEKTPOCTAHIUAX PA3HOrO THIA, IBUKEHUE TPAHCIIOPTA,
OypOoBBI€ U B3pbIBHBIE paOOTHI U T.JI.

B nmocnennee BpeMs pacTeT HMHTEpPEC K MW3YYEHUI0O W aHAIU3y JUIMHHOBOJHOBBIX
COCTABJISIIOIIUX [MOTEHLIUAIbHBIX IOJIEH, U, B YACTHOCTH, U3YYCHUIO BPEMEHHBIX BapUalUi IOJIA
CHJIBI TSDKECTH, IOCKOJBKY OHM OOECIeYMBAIOT JaHHbIE O KMHEMAaTHKE M JMHAMUKE 3eMIIM JUIS
pemieHus psiia GyHIaMEHTAIbHBIX U NMPHUKIAIHBIX 337a4 reo(pu3uku. BpeMeHHble BapHaluu CUIIbI
TSKECTH, OOHApYKEHHbIE U3 MOBTOPHBIX U3MEPEHUM, TAI0T BAXKHYI0 MHPOPMAIUIO O III0OABHBIX,
PETMOHANBHBIX U JIOKAJIBHBIX MepeMenIeHuax 3eMHBIX Macc [3]. OcoOblif MHTEpeC MpeaCTaBIsSIOT
W3MEHEHUS CWIbI TSYKECTH, BBI3BAHHBIE BHYTPEHHUMU I€OIMHAMUYECKUMU Iponeccamu. Mi3smenenns
CHJIBI TSKECTH, CBSI3aHHBIC C 3EMJICTPSCEHUSMU W AKTUBHBIM BYJIKaHHU3MOM, HUMEIOT OO0JIbILIOE
3HaYeHHUE KaK MPEIBECTHUKHU ATHUX sIBJICHUH. V3MepeHus 10 M mocjae akTUBHOM (a3bl BaKHbI JJIS
pa3paboTKU AMHAMUYECKUX MOJIeIel HAaKOIJICHUS U Pa3psSAKH HAIPSDKEHUH MPH 3eMJIETPSICEHUAX U
ITOHUMAaHHUIO MPOLECCOB UX MOArOTOBKH, a TAK)KE MOJEJIEW MUTPAllMy BEIIECTBA MarMbl U BapHarui
IJIOTHOCTHU B BYJIKAaHAX.

B sr10il pabore mpearaercss HOBBIM MOAXOJ K aHAJIU3y €CTECTBEHHBIX HM3KOUYACTOTHBIX
KosieOaHUl 3eMHOW KOpBI, PETHUCTPHPYS €CTECTBEHHBbIE KOJICOAHUS YYBCTBHTEIBHOTIO 3JIEMEHTA
kBapuesoro rpasumerpa 'HY-KB.
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OCHOBHOHM aKIIEHT B JaHHOW paboTe clelaH Ha WHTETpAlld BHIICOKAMEpPhl B KadecTBE
KJIFOYEBOTO JIEMEHTA B Tipoliecc nmudpoBu3anuu nmokazanuii rpasuMerpa ['HY-KB. Dta naHOBamms
MO3BOJISIET C BBICOKOM TOYHOCTBIO (DUKCHPOBATh M JETAJbHO aHATU3UPOBATh AMILUIMTYIIHO-
YaCTOTHBIC XapaKTEPUCTUKN Bapualluii rpaBuTarimonHoro mojs (AYX) [1].

W3navanbHO, MeTOAuKa ucnosnb3oBaHusa rpasumerpa I'HY-KB 3akmouanacs B npsMom
HaAOJIO/ICHUHU Yepe3 OKYJISAp MHAUKATOPA U PETUCTPAllUU €IMHUYHBIX Moka3aTteneid. CoBpeMEeHHbIE
TEXHOJIOTUYECKHE PELIEHUSI II03BOJISAIOT HE TOJIBKO 3allMChIBAaTh JaHHbBIE TOKA3aTENIN, HO U IPOBOJUTD
JETaM3UPOBAHHBI aHAIU3 BCEX PETUCTPUPYEMBIX KoseOaHui. B dacTHOCTH, BO3MOXKHO
HCCIIEN0BaHNE HU3KOYAaCTOTHEIX KojieOanuii Ha yacTtorax B guamasone 0,05-0,5 I'm.

B nannoii pabote nocie onudpoBku Buaeo(}aiiioB mpoBeAeH aHaIn3 KoJIeOaHU HHIUKATOpa
IPaBUMETPA C LIEIBIO OIPEAEICHUs CTATUCTUYECKUX [TapaMETPOB CIIy4alHON BeJIMYUHBI. M3BECTHO
[2], 9TO AMCKpPETHBIE 3HAYEHUS CITy4aliHOM BETMYMHBI X YaCTO COOTBETCTBYIOT MpoOIiecCy, OIU3KOMY
K HOpMaJIbHOMY 3aKOHY pactpeneieHus. [l aHaiu3a onpeesieHns CTaTUCTUYECKUX [TapaMeTPOB U
OLICHKM TOYHOCTH TOJYYCHHBIX pe3yJlbTaTOB ObUl MPUMEHEH KOMIUIEKCHBIH MOAXO0J C
HCIO0JIb30BaHUEM TpeodpazoBaHus Oypbe.

C yueToM yciaoBUsSI HOPMUPOBKH (DYHKIIMU BEpOSITHOCTEN U HeueTHOCTH QyHKimu Oypbe amns
MOJTyYEHHOTO HOPMAJIBHOTO 3aKOHA paclpeieieHus: GyHKIUS BEPOSITHOCTH PUMET BU/T:

(7 (D) _ p (=X
(0) (a g ) ecin x < q,
1+F(3)
(pn(x! a, O-) =9 F (a) F(X - a) (1)
=)+
g 7l g ecIux = a
L 1+ F(E)
[TnotHOCTH BepositTHOCTH [Utst pyHKImH (1) Oyaer
don(x,a,0) 1 2 _lx-a,
px,a,0)=——F———=—" | ————="€ 2' 0 2).
dx o |n-[1+F)] @)

CpenHee 3HaueHUE HEOTPHULATEIBHOW BEIUYMHBI X C YYETOM M3BECTHOM IUIOTHOCTH
BEPOATHOCTH (2) paBHO

oo

f=]x-p(x,a,a)-dx=§- %-[HF(%)”x-e—%'(?)z dx 3).
0 0

N3 skcnepuMeHTa ONpeieNsifoTcs W CPABHUBAIOTCS 3HAYEHUS (YHKIHUW PacIpeesICHHs
HaTYPHBIX (3KCIEPUMEHTAJIbHBIX) JaHHBIX @e C COOTBETCTBYIOIIUMH 3HaueHusmu (1). s
CpaBHEHHsI MHTEpBaJl HM3MEHEHUS (YHKIUH BEpOSTHOCTEH AenUTCcs Ha M paBHBIX OTPE3KOB C
MIOCTOSIHHBIM UHTepBasioM 1/M.

Pemrast (1), ompenensitorcst rpaHuisl wHTEpBasioB. Tak, X1=0, Xxm+=1. [amee m3 (1)
OIIPEJIENIAI0TCS OCTAIbHBIE TPAHMIIBI, T.K.

On(Xm, a,0) — Pp(xm-1,a,0) = 1/M 4).

JIist u3BeCTHBIX TpaHHMIl (4) M3 HATYPHBIX JAHHBIX OMPEACISIOTCS BETHYUHBI P, (X, @, 0),
rae m=1,...M+1u cpegHexkBapaTHyHOE OTKIOHEHHE A M=2,...M, paBHOE

m=M

AM(a, o, M) — m=2 [(Pn (xmﬁ a, O-) — Qe (xmﬁ a, 0)]2 (5)

M-1

Jlnst Kaxaod BBIOOPKH M KaXJIOM (PUKCHPOBAHHOM | B 3aBHCHUMOCTH OT &, 6, M ObLIO
ompeneneHo MHUHMManbHOoe 3HadeHue (5). IlomyueHHass BedMYMHA SBISETCS  OIIUOKOM
AIMpoOKCUMAIUX pacCIipCaAcICHUA CHy‘—I&ﬁHOﬁ BCJIMYMHEI X IO OTHOIIICHUIO K HOpMAaJIbHOMY 3aKOHY.
Jlnst kaxoro (PMKCUPOBAHHOM | M3 BCEX B3ATBHIX BHIOOPOK BHIOMpAach Ta, Ijie MUHHUMaJIbHOE (5)
MpUHUMAaET HanOoJibiee (HauXyamiee s TPaKTUKHN ) 3HAUCHHE.
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Jns storo 3HaueHus ormpenensercss KodpuuueHT nerepMuHanuu Kget , KOTOpBIA gaer
BEIMYMHY CTENEHH COOTBETCTBUSA (COIIACOBAHHOCTU AAaHHBIX). BHavane He0OX0AMMO OmpenenuThb
IMCTIEPCUIO, KOrna (YHKIHS BEPOSITHOCTEH NEMUTCS Ha M paBHBIX OTPE3KOB C IOCTOSHHBIM

m=M(m—-1 1\2
m=¥ (G2
M-1

(M-1)-43/(a,0,M)
(M-2)-4%,

Jlis onpezneneHus mapamerpoB, HEOOXOAUMBIX I MOCTPOEHUs (PYHKLIMU paclpeneiaeHUs
¢dukcupyercsi BBIOOpKa [uisi HeKOToporo J. V3 B3sTbix Nj 3HauUeHMId Cly4allHOW BEIMYHMHBI X MOCIE
IPUHATOW OOpabOTKU CTAaTUCTHKHU ONpEAEsieTcs CpelHEKBaJpaTUYHOE 3HaueHue on. B oOmem
ciyqae B (1) BenMuMHA G NPUHUMAET OTJIMYHOE OT ON 3HaueHue. [losTomMy mnpu pemeHun
MTOCTaBJICHHOM 3aJja4yM 3Ta BEJIMYWHA OMpEeIeseTcss MpocThiM nepedopom ot 0,5+ on g0 3,0 on
BKJIIOYUTENBHO C 1m1arom 0,5 on.

N3 umeromeiicst BHIOOPKH OOYEPETHO UCKITFOUACTCS OJIMH 3JIEMEHT U BBIUUCIIAETCS Cpe/lHee
3Ha4yeHue X_; N-1 BenuuuH 6e3 3TOro 31eMeHTa. B urore umeercs nocie10BaTenbHOCTb 3JIEMEHTOB
X_1, cocrosiiasi u3 Nj 371IeMEeHTOB, JUIsl KOTOPOH U ONPEEINeTCsl CPEIHEKBAAPATUUHOE OTKIIOHEHHE
Ox JUIsl CpeiHE BEIMYMHBI X.

BwMmecTo cpennero 3HaueHus nepebopom OepyTcst BeMUMHBI, paBHble X + 0,5 0y, X £ 0y,
...X * 3 0, Bennunna a nonyyaercs u3 peuieHus (3) npu U3BECTHOM CPEJHEM 3HAUECHUU.

Huxe nanbl pe3ynbraThl pacueToB 110 IPEICTaBICHHON METOMKE.

uHTEepBajIoM 1/M, A%,,‘e = . Torna, ucnonp3ys (5), moaydum

Kier =1 —

Tabauya 1. Pezynomamoi pacuemos

Iar Konnuects Cpennee OTKJIOHEHUE OT Cpennee CpennexBaapar | CpenHexBaaparud | MakcumaibHOE

HWHTEpBaJa 0 B3SThIX 3HAYCHHE CPEIHEro JJIst TUTS HYHOE HOE OTKJIOHCHUE CpeIHEKBaPATUIHO

BBIOOPKH(B | BENUYUH BEJINYUHBI ¢yukuun Oypbe dyHKIHH OTKJIOHCHHE 13 Ut PyHKIUH € OTKJIOHCHHE

pemeHH) u3 Dypre CTaTUCTUKH Dypee 3HAYCHHN QYHKLIUIH
CTagPICTI/IKI/I BBIOOPKH BEPOSITHOCTEH
BBIOOPKH

1 17996 132.67 | -1.5-0.0003 | 132.67 4.57 0.5-4.57 0.025

2 8998 132.66 | -1.5-0.0005 | 132.65 4.64 0.5-4.64 0.026

4 4499 132.65 | -1.5-0.0010 | 132.64 4.50 0.5-4.50 0.027

8 2250 132.73 | -1.5-0.0021 | 132.72 4.80 0.5-4.80 0.027

16 1125 132.79 | -1.5-0.0045 | 132.78 5.09 0.5-5.09 0.040

Ha pucynkax 1-4 nano cpaBHeHHE (PYHKIIMNA HOPMAJTLHOTO U HATYPHOTO paCTIpeeICHUN ISt
MaKCUMaJbHOTO 1 MUHUMAIBHOTO 3HaY€HUN Awm.

KOM9ECTBO BIMTLIX To4ek 17996, KOAMYECTHO B WAL BLIBOPOK 1| KOIMHECTBO BITHIX Towek 8998, KomuecTno i mar BLGopok 2|
: 08 4
{ * I F 3
pacupeienenns pacnpeaetenus |
T % ] I 3
+
% t
9:5 ¥ mopmazimes pacnpepenenne c o=1.5% X nopmaanEoe pacupeacaenne ¢ 0-2.6%
+HaTypHOE pacupenenenne ¢ 6-2.5% *
+ * + HaTypHOe pacnpeieienne ¢ a=2.6%
x x
o] A HOPMA/ILHOE pacHpeleIenne ¢ 6=2.5%
¥ § * naryphoe pacupereienne ¢ o=2.5%
¥ ; ot ¥ o i
-1.5 -0 0.5 0.0 0.5 1.0 m‘ 1.5 1.5 1.0 0.5 0.0 0.5 1.0 ’W 1.5
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KOAWTECTRO BIATHX Touek 4499, KOINTECTRO W MAT BHGOPOK 4] KOIHYECTBO BINTHIX Touer 2250, KOANTECTRO | WAT BRGOPOK §
‘ PN £ o "
pacupeaeaenus t pacnpeneenna "
4 %

F xuopuaaunoe pacapencacnne ¢ a=2.7% K| Xuoparumoe pacapercacune ¢ a-27%

; +natypuoe pacnpeleienne ¢ 6-2.7% + +paTypRoe pacnpexenenme ¢ 6-2.7%

x

N A HopMaTBHOE pacnperetenme ¢ 0=2.5% A nopyaakEoe pacupeneaenne ¢ 0=2.1%

¥ + naTypRoe pacnpereienne ¢ 6-2.5% ¥ * naTypEoe pacnpenetenme ¢ 0-2.1%

¥ ot . i ;
15 1.0 05 0.0 05 10 15| 18 10 0.5 0.0 0.5 10 1
(x-a)/o (x-a)/o

B pesynbraTe npoBeeHHOr0 HCCIeOBaHUS 10 00pabOTKE M aHATIN3y IKCIIEPUMEHTAIBHBIX
JAHHBIX OBUIN MOJIyYeHb! CIIEAYIOIINE BBIBOBI:

1. YcTaHoBIi€HO, YTO pacnpeeieHIe U3MEPEHHBIX 3HAUCHUM CITy4aiiHOM BETUYMHBI 3HAYNMO
NpUOIMKEHO K HOpMalbHOMY 3akoHy. MakcumalibHas omMOKa anmpOKCHUMAalUd HOPMajIbHOI'O
pacripenienieHusi cocraBmia He Oosee 2,7%, UYTO CBUAETENBCTBYET O BBICOKOH CTETNEHU
COIJIACOBAaHHOCTH HAOJIIOJJaeMbIX JAHHBIX C TEOPETUUYECKUMH IPEANOJOKEHUIMU O HOPMaJIbHOM
pacnpeziesieHuu.

2. MakcumaiibHas olnOKa annpoKCUMaluuyu QyHKIMY pacipeaeeHns clydyaifHO! BeTMUNHbI
He npesbimaer 0,027 nas BpEMEHHOIO IIara, YMEHBIIEHHOIO B BOCEMb pa3 IO CPaBHEHUIO C
[EepPBOHAYAJILHO BEIOPAHHBIM.

3. Koaddunment nerepmuHanmm (MpaBromogoOus) A BCEX pe3ybTaTOB COCTABUI HE
MeHee 99%. DTo MOATBEP)KIAET BBICOKYKO JOCTOBEPHOCTh M KOPPEKTHOCTh MPUMEHSIEMBIX
METOJI0JIOTUYECKUX MTOAX0JI0B.

4. JlaHHBIH MOAXOJ K aHAINW3y BapHalMi TPaBUTALMOHHOI'O IOJI Ha OCHOBE KPUTEPHS
olpezieNIeHUs] HapyIlIeHUsl MHTepBajla CTAllMOHAPHOCTH CIy4alHOTO MPOIIECCa MOXKET CYIIIECTBEHHO
IIOMOYb B TOHMMAHHUN HAYAJIBHBIX ITPOLIECCOB U3MEHEHMS XapaKTEPUCTUK CPENbI TP MOHUTOPHHIE
1 U3YYCHHHU ITPOUECCCOB NOATOTOBKH, a4 TAKKE U pC€ajin3allun 36MJ'I€Tp$IC€HHI>i, I/ISBep)KeHI/Iﬁ BYJIKAHOB,
OIIOJI3HEH, 0OBAJIOB H T.]I.
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