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CMOCOB MPOMrHO3A YCTOMUUMBOCTU
FOPHbIX BbIPABOTOK M CKJ/IOHOB

Onuka C.I"., XansBknH ®.I'. (YO «benopycckuii HauMoHanbHbIN TEXHUYECKUIA YHU-
BepcuTeT», . MuHCK, benapychb)

B cTaTbe NpeacTaBneH CNoco6 MPOrHo3a yCTORYMBOCTY FOPHLIX BbIPAGOTOK W
CK/IOHOB Ha OCHOBE PerucTpauuy npeaec THUKOB AechopMaLyii FOpHbIX Nopos, MarHu-
TOMEeTPUYECKUMI METOZAMM.

BBegeHune

3BecTeH crnocob KMHETUYECKOro noaxofa K NPOrHo3vpoBaHUIO YCTOMYMBOCTU TeX-
HOMEHHbIX W MPUPOAHbIX OOBLEKTOB, OCHOBaHHbIA Ha TEPMOMAYKTYaLUNOHHON KOHLENLMM
paspyLleHus [1]. B sTom MeTofe paspyLueHue paccMaTpMBAETCA Kak CeACTBUE HaKOMIeHUs
NOKa/IbHbIX MUKPOPa3pyLUeHWIA B pe3ynbTaTe TEPMOGIYKTYaUNMOHHON CTaTUCTUKN B MEXaHN-
YECKM Hanps>keHHOM Tene. KMHETUYECKNiA MOAXOA UCXOAUT U3 TOro, YTO BpeMs [0 paspyLue-
HWS 06beKTa (Pecypc AONTOBEYHOCTN) OAHO3HAYHO CBA3AHO C HAKOM/IEHWEM MOBPEXAEHHO-
CTK, 3afla4ya COCTOUT B TOM, YTOObI HaTU Hanbosee YAOBHYIO ANA perucTpauun mepy no-
BPEXEHHOCTM N ee CBA3b C PECypcoOM [ONroBevyHocTn. OAHaKo orpefesneHve BPEMEHHOro
napameTpa NpOrHo3npoBaHUs paspyLUeHNs B pamkKaxX TePMOQ/YKTYyaUMOHHON KOHUENuun B
HacTosLLee BPeMS peasin3yeTcs KOCBEHHbIM PacyeToM MoCPeACcTBOM PerncTpauumn 3ByKOBbIX
CUrHasI0B Ha Npe6bIBAKOLLMX NOJ, HArpy3KoM nabopatopHbiX 06pasuax, Npu KOTOPOM OLEeHW-
BaeTCA 3amnac BPeEMeHW 40 OKOHYaTE/IbHOr0 paspyLUeHNs OrpaHUyYeHHO YCTOMUMBBLIX 0OBEKTOB
B M0JIE CUMbI TAXKECTU.

Pecypc [ONTOBEYHOCTM - OrpaHMYEHHO YCTOMUMBLIX OOBEKTOB MOXHO OMNpefensThb,
(hMKCMpY$A Ha NOBEPXHOCTU HEYCTONUMBBLIX 0OBLEKTOB aHOMa/IbHbIE M3MEHEHWUS HAMPSXKEHHO-
CTW MarHWTHOro Nons o4aroB HeobpaTMMoNn fedopMauuy (CKPbITO pa3BUBatOLLMXCS MOBEPX-
HOCTE OTpbIBa WM CKOMBXEHMA) METOAOM MarHuToAMHaMmn4yeckor mHTpockonumn (MAN)
[2]. Mpy npumeHeHUn MAW ucnonb3yeTcs peructpaums U nuccnefoBaHne MoCTOSAHHOW CO-
CTaB/AOLLEN HANPSAXEHHOCTW reoMarHUTHOro nons. Mpu 3ToM OCyLWecTBAeHWe MarHUToau-
HaMUYeCKOro KOHTPO/IS NPOU3BOAMTCA NOCPEACTBOM MPO(N/IbHOM Pa3HOBLICOTHON MarHuT-
HOW CbeMKM MOJTHOr0 BEKTOPA HarpsXKeHHOCTWM MarHUTHOro nonsa T Wan ero BepTUKa/IbHOM
cocTaB/iftowed. Kpntnyeckum napameTpom SABASETCA KOIMPMULMEHT OMOJSI3HEONACHOCTH,
npeacTaBnALWMiA Co60i OTHOLLEHWE PA3HOCTU HaMpPsSXKeHHOCTM MarHWTHOro noss, 3afmk-
CYPOBAHHOM Ha pa3HOM BbICOTE, K €ro CpefHeMy 3HauyeHUI0 MO pesysibTataM NpPogUILHON
CbeMKW. MeToj no3BO/IAeT C TOYHOCTHH [0 CYTOK NPOrHO3MpoBaTh OMOJI3HEBbIE AB/IEHUS.
Mo faHHbIM aBTOpa MeToAa, HaKOMMeHHble CTAaTUCTMYECKMEe [aHHble MOKasblBatoT, YTO 3a
2-3 CYTOK [0 Hauvasia ABVKEHWUA OMOM3HA KO3((MLMEHT OMNOSI3HEONACHOCTU YBe/MUMBaETCA
Ha OfHY-ABe eanHuLbI [2].

HepgoctaTkoM MeTofa fBMSETCA OTCYTCTBME B METOAMKe pacyeTa KoadduumeHTa
OrMoON3HEeOMNacHOCTM yyeTa B3aMOLENCTBUA MarHUTHOrO Noss o4aroB HeobpaTuMbIX Aetop-
MauuiA ¢ MarHMTHbLIM MOJIEM OKpY>KatoLLel cpefdbl. CneacTBUEM 3TOMO ABMAETCA HeLOCTaTOu-
Hast HaeXXHOCTb MH(OpMaLMM O CPOKaX YCTOMYMBOCTN KOHTPO/IbHbIX OOBEKTOB - OCYLLECT-
BNISIETCA TONIbKO KPAaTKOCPOUHbIA MPOrHO3, YTO CYLLUECTBEHHO CHMKAET BO3MOXHOCTb MpOBe-
[EeHVS MPOTUBOOMO/3HEBLIX MEPOMPUATUIA U UCKNOYaeT BO3MOXHOCTb [JONr0- U CpefHe-
CPOYHOr0 NPOrHO3a yCTOMYMBOCTH.
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CnepoBaTe/ibHO, aKTyaNbHOW ABAsieTcA pa3paboTka crnocoba onpefeneHns pecypca
[0/rOBEYHOCTM OFPaHNUYEHHO YCTONYMBLIX 0OBLEKTOB B MOJE CUIbl TSXKECTH, B KOTOPOM My-
TeM yyeTa B3aMMOAENCTBUSA MarHUTHOIO NoNs AeCTPYKTUBHBIX HOBOOOGPA3oBaHWIA C MarHWUT-
HbIM MOIEM OKpPYXKatoLLel cpeapbl AOCTUIaeTCs MOBbILLEHME HAAEXHOCTU MHDOpMaLMK O Cpo-
Kax YCTOMUYMBOCTU KOHTPO/IbHbIX OObEKTOB.

Pe3ynbTaTbl UCCNeA0BaHNI

Mo Hawemy MHEHWI0, OfHO3HAYHO CBSI3aHHOE C HaKOMJ/eHWeM MOBPEXAEHWIA Bpems
[0 paspyLleHnsi o6bekTa onpegensercs n3 MYHKUMKU, OMNUCbIBaOLLE HanpsHKeHHOCTb Mar-
HWTHOIO MOMS JIOK&/IbHOM 4YacTh 06bekTa B 06nacT fedopmaymmn. ITOT MNpouecc pac-
CMaTPMBAETCA KaK CNeACTBME HaKOMMEHUS MUKPOPaspYLUEHWIA, 3amnONHAEMbIX HaMarHU4eH-
HbIM BELLECTBOM OKPYXKatoLeil cpefbl, HEM30EXHO 3amO/HAIOLMM MUKPOTPELUMHBI pa3iny-
HOro Xapaktepa B MeXaHW4eCKM HanpshkeHHOM Tefie. [1pu 3TOM BHOBb BO3HUKaKOLME B pe-
3y/bTaTe B3aUMOAENCTBMSA MarHUTHbIX NOJEN pa3pyLLaeMoro 06beKTa 1 OKPYXKatoLLEel cpeabl
MUKPOTPELLMHBI TYT XK€ 3arofIHAKTCA BELLECTBOM Cpefbl, HaMarHW4MBaeMbIM B CBOKO O4e-
pedb, TO eCTb, NMPOLLECC HAKOMIEHNA MUKPOTPELMH B Cly4vae MAacTUYHbIX MOpoj MAET He-
MPepbIBHO, a HEMPePLIBHO NPOTEKAKOLLME NPOLECCHI MOXKHO OnucaTb HEKOTOPbIM YpaBHEHM-
eM WM CUCTEMOIN YPaBHEHWA.

Bce BellecTBa N0 MarHUTHbLIM CBOWCTBAM PasfenstoTcs Ha TPW OCHOBHbIE PYyMMbl:
AvamarHeTUKW, napaMarHeTUKn v eppomarHeTvku. AuamarHUTHOe BeLLeCTBO BbITa/IKMBa-
eTCs B HEOHOPOAHOM MarHUTHOM MO/e, a B O4HOPOAHOM - YCTaHaB/MBAETCA MepreHAnKy-
NAPHO CUNOBLIM NIMHUAM NONA (4UaMarHeTUKOM, B UYaCTHOCTM, ABNsSeTCA Boga). MapamarHnuT-
HOe BELLIECTBO BTArMBaeTCA HEOAHOPOLHbIM MarHUTHbLIM MOSIEM, a B OAHOPOLHOM - YCTaHaB-
NVBAETCA NEPMEHANKYISPHO CUMN0BLIM NIMHUAM MOAS (MapaMarHeTMKOM, B YaCTHOCTU, SIBNS-
eTcs Bo3ayx). B npupoge, kak npaBuio, MarHUTHbIE MOJS HEOAHOPOAHbBI, NO3TOMY HamarHu-
yMBaeMble AMamMarHeTUKN BbITa/IKMBAKOTCA M3 HaMarHM4YMBAKOLLEro Moss, a HamarHM4nBae-
Mble NMapaMarHeTUKn BTAMMBAIOTCA HamarHWYMBatOLWMM NOEM, CefoBaTeNbHO, AnamarHuT-
Hble 1 NapaMarHUTHbIE BeLLeCTBa MOCTOAHHO HaxOoAATCA B HEPaBHOBECHOM cOCTOAHMKU. C no-
3MLMIA TaKoro noaxoda paspylleHne MMeeT [Ba acrekTa: MarHUTEH3MOHHOe 3apOoXKAeHue
MWKPOTPELLMHBI 1 Nepexos, K MakpopaspyLUEHNO MaTepuana.

AneMeHTapHbIM aKTOM Pa3pyLUeHNs SBNSETCA MarHUTEH3VOHHOE 3apOXKAEHNe HecTa-
OUMbHOM MUKPOTPeLMHbI. FTPOHNKHOBEHME OKpYXXatoLLeil cpeabl (BO3ayX, Bnara) B 0651acTb
AetheKTa KpUCTaI/IMYECKO PeLLeTKM NPebblBatoLLEro B COCTOAHUMN KaXyLLelcst yCToNYMBO-
CTV 06beKTa NPUBOAMT K PasBUTUIO MOC/EAHENR B CUNY CO34aBaeEMOro M36bITOYHOIO Hamnps-
YKEHMA NPU-MUTPalyMn B Tesle HaMarHMYeHHOr o Ana- UK napamarHeTuKa.

B HeKOTOpPbIA MOMEHT NPOUCXOAUT Nepexos, OT 3apOAbILLEBbIX, HAYaIbHbIX TPELLMH K
BUAMMOM dedhopMaLn, COM3MePUMON € pa3mMepaMu Tena, TO ecTb NPOUCXOAUT POPMMpPOBa-
HWe oyara Heobpatumon gedopmauun (OHL). SHeprusa marHUTHOrO Nons 06beKTa nepepac-
npegenseTca Takum 06pa3om, YTOObl MPEensTCTBOBaTb HapyLUEHWIO LEeNOCTHOCTU O6beKTa.
OpHako, B Hanbonee ocnabneHHbIX, B CUTY pPas/iNyYHbIX NpuunH, mectax OHZ npogomkaet
MpOorpeccrpoBaTh, yBEIMYMBAsACL B pasMepax, NOCKO/bKY B 06/1acTb HeobpaTuMmoli aedhopma-
UMM NOCTOSIHHO OCYLLLECTBISIETCA NPUTOK HaMarHM4MBaemMoro BeLLecTBa OKpY)KatoLlel cpe-
Abl, HAXOAALLErocs B HEPaBHOBECHOM COCTOSIHWW, T. €. YBE/IMUMBAIOLLEr0 HanpshKeHue B Te-
ne, NPU 3TOM HamarHuWyeHHas cpega OH/ permctpupyeTtcs Hapy>XHbIM HabntogeHuem. Mo
[OCTVDKEHUM HEKOTOPOM (KPUTUYECKOW) BEIMUYUHBI HANPSXEHHOCTU MarHuTHoro nons OHZ,
OTBEYAlOLEN TakMM fIMHEHbIM pa3Mepam AedopMaummn, Npu KOTOPbIX OMOpHas peakuys
BHYTPU 00bEKTA He KOMMEHCMPYET AeNCTBME CUNMbI TSHXKECTU, NPOUCXOANT paspyLUeHne 06b-
ekTa. lMpn 3TOoM, B CUNy MpeaonpeseneHHOCTM MPOLECCoB, BPeMS A0 pa3pyLueHuns (pecypc
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,U,OI'IFOBE‘-IHOCTI/I) OAlHO3HA4YHO CBA3aHO C HaKOoM/eEHNEM MOBPEXAEHHOCTH, a Hanbonee yp,o6-

HOW 4/19 pernctpauum Mepoi NOBPeXAEHHOCTU 0O6beKTa ABMAETCA HAMPSXKEHHOCTb A Mmar-
HUTHOro nona OHA.

Takum 06pa3om, B pa3paboTaHHOM Hamy MeTOZe MPOrHo3vpoBaHMe OCYLLECTB/AETCA
NPAMbIM pacyeTOM BpPeMeHM [0 Hauvana paspyLUeHUs KOHTPOJIbHOro 06beKTa MocpesCcTBOM
permcTpauum AMHaMUYECKOW COCTaB/ISOLLEN aHOMaIbHOTO MarHUTHOrO MoSis O4aroB fe-
(hopmaumn. MeTog NO3BONAET MPU M3BECTHON KPUTUYECKON HaNPSXXEHHOCTU 3HAYUTENbHO
MOBbLICUTb HafEXHOCTb MPOrHO3MPOBaHUS, OCYLLECTBNASA, HapAAY C KPaTKOCPOYHbLIM FIPOrHO-
30M, CpefiHe- 1 JONTOCPOYHbIA MPOrHO3bl A/INTENbHOCTM YCTONYMBOIO COCTOAHWS KOHTPO/Tb-
HbIX 06BEKTOB. [Npea/iaraemblii CNocod KOHTPONSA YCTOMUMBOCTM NpeLycMaTprBaeT:

- UCcCnefoBaHMe aHOMa/IbHON AMHAMMYECKOW HanpsXKeHHOCTU MarHUTHOMO noss ¢op-
MUPYHOLLMXCA NOBEPXHOCTEN OTPbIBa UM NOBEPXHOCTEN CKONBXEHWUA MOABUXKHbLIX Macc OT-
HOCUTENbHO HEMOABVKHBIX;

- ornpegeneHvie MUHUMAIbHOW rNy6uHbI (HOPMUPYIOLLMXCA MOBEPXHOCTEN OTpbiBa B
cnyyae (mKcauum Ha NOBEPXHOCTU HaBMOAEHUI OLUHOYHBIX 3KCTPEMYMOB AMHAMUYECKOWA
HanpPsXXeHHOCTM MarHUTHOrO Mosist WY MUHUMaIbHOW TNyOMHBI Y TOPU3OHTa/IbHON [A/IHBI
(hOPMUPYIOLLIMXCA NOBEPXHOCTEN CKOMbXEHUS B Clyvae prKcauuy Ha NOBEPXHOCTU Habnto-
[EeHVS ABOMHBIX OLHOVMEHHBIX 3KCTPEMYMOB MarHUTHOrO MoJI;

- OCYLLECTB/IEHNE PEXMMHbIX HabMOLEHU aHOMabHON AMHAMWYECKON HanpsdKeH-
HOCTW MarHUTHOrO NONA C UHTEPBa/IOM, 06eCneYnBatoLLIM PaBEHCTBO PasHOCTM HarnpsiKeH-
HOCTU MarHWTHOrO Mo/ MpeablAynx 1 nocnegyowmx HabnogeHnin B (BMKCMPOBaHHOM
TOYKE KOHTPO/IbHbIX aHOManidi. B cnyyae (hopMUpYOLNXCA MOBEPXHOCTEN OTPbIBA PEXUM-
Hble HabNIO4EHNSA NPOM3BOAAT B 3KCTPEMASIbHON TOUKE KOHTPO/IbHbIX aHOMa/INiA, a B Cyyae
(hOPMUPYIOLLIMXCA NOBEPXHOCTEN CKOMBXEHUA PEXMMHbIE HABMOAEHNA NPOU3BOAAT B TOUKE
MOBEPXHOCTW HAGNIOAEHWUI, Nnexallerd Ha NPSIMOI, NPOXOoAsALLei yepe3 fABa OLHOUMEHHbIX
3KCTPEMYMa KOHTPO/IbHbIX aHOMa/IMi N HaxoasALLelicsi CO CTOPOHbI MOHOTOHHOIO U3MEHEHUS
AVHAMUYECKOW HanpsXXeHHOCTN MarHUTHOIO Mo Ha PacCTOAHUN:

2 I-Imax _1 (1)

rge /, - paccTosiH/e MeXay 04HOUMMEHHbIMU 3KCTPEMYMamu,;
12 ~ NofOBMHA rOPU30HTANbHON AIMHBI (HOPMUPYIOLLMXCS NOBEPXHOCTEN CKOMBXKEHNS;
fmax/ hnm - OTHOLEeHWEe MaKCUMaibHOW YU MUHWUMaNbLHOW Fy6UH (opMupyroLWwmxcs no-

BEPXHOCTEN CKOMbXKEHWS;
- OnpefeneHne KPpUTUYECKON HampsHKEHHOCTI MarHUTHOTO MOAs, NPY KOTOPOI Hapy-
LLIAETCA LIeNIOCTHOCTb 06LEKTOB, 13 BbIPAKEHNS:

SR L N )

roe Z3C- 3KCTpeMasnbHOe 3HauyeHue AMHAMUYECKOW HampsXKeHHOCTM MarHMTHOrO Mons Hag

MUHUM&/IbHOM TNyOGMHOM (DOPMUPYIOLLMXCA NMOBEPXHOCTEN OTPbIBa NN CKOMbXKEHUS;
hme - MUHUManbHas rnyorHa opMUPYIOLLMXCS MOBEPXHOCTEN OTPbIBA UM CKOMbXEHNS

Ha MOMEHT pPermcTpaLum HanpsiX>keHHOCTM MarHUTHoro nonst Z3G



hHb - BbicOTa HabMOAEHNA aHOMa/IbHOM AMHAMUYECKON HanpsXXeHHOCTU MarHUTHOro

Monsi OTHOCUTENIbHO MOBEPXHOCTM OTPaHUUYEHHO YCTONUMBLIX OGBLEKTOB B MOME CUMbI TSHKe-
cT;

- onpefeneHne pecypca AONTOBEYHOCTM OFPaHNYEHHO YCTONUMBLIX 06LEKTOB B Mose
CU/bI TSXKECTU U3 BbIPAXKEHUS:

(3)

rae Atk ~ nHTepBan BpeMeHU Mexay &+1-M u A-TbIM HabNHOAEHUAMU;
Atk - nHTepBan BPeMEHN MeXAay K+2-M 1 K+\-M Habno4eHnsMUY;
ZK - HanpshKeHHOCTb AMHaMMYeCKOro MarHUTHOro Nosst K-ro HabntgeHus, HT;
ZkH{ - Hanps>KeHHOCTb AMHAMMYECKOr0 MarHMTHOro nons J1+1-ro HabnaeHns, HT;

ZC - KPUTMYECKas HanpsXXeHHOCTb AVHAMMUYECKOro MarHATHOFO Nons, HT.

Bnarogaps TOMy 4YTO Ha MOBEPXHOCTU OrpaHWYEHHO YCTOMUMBbLIX OOBLEKTOB B Mose
CUMbI TSXKECTU NPOU3BOAATCH PEXMMHbIE HAONIOAEHNA JUHAMUYECKOM aHOMa/lbHOW Hanps-
YXEHHOCTM MarHWTHOro nons (opPMUPYIOLMXCS NOBEPXHOCTEN OTpbIBa WAN MOBEPXHOCTEMN
CKO/IbXXEHUA MOABVKHBIX MacC OTHOCUTENIbHO HEMOABWKHBIX, CTAHOBUTCS BO3MOXHbIM KO-
NINYECTBEHHO YYECTb C OCTATOYHON ANA NPAKTUKN TOYHOCTbLIO ANHAMUKY POCTa BHYTPEHHMX
AethopMaLimin NOBEPXHOCTEN OTPbIBA NN MOBEPXHOCTEN CKONBXKEHNS.

3BeCTHO, UTO (hopmuMpyloLLascs NMOBEPXHOCTb OTPbiBa 0TOOPaXKAETCA B /IOKaSIbHOM
MarH1THOM nose AMHaMUYEeCKOW aHOMaMEN:
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roe A - MarHuTHaa macca efvHuLbl 4ANHBI NOBEPXHOCTU OTPbIBA; Y
hnm - rny6uHa BepXHei KPOMKW MOBEPXHOCTU OTPbIBA; z

S

X - KoopAuHarta npouis BKPeCT NPOCTMpaHus aHoManmm Z. s
Monarast, uto N-Z3C=2Z(x12), rae xV2 - KoopAaMHaTa NonoBMHbI IKCTPEMa/IbHOMN Ha- <
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0 MarHMTHOrO MOJIsi, KOr/a MOBEPXHOCTb OTPbIBA JOCTUIaeT NMOBEPXHOCTW HAGNIOAEHWIA, pe-
YXUMHbIE HaGNIOAEHNS NPON3BOASATCS B 9KCTPEMasIbHOM TOUKE.

B cnyuae thopmupytoLelics NOBEPXHOCTU CKOMbXKEHWS, 3KCTpemasibHasi Touka Ha-
NPSYKEHHOCTM MarHUTHOTO MONS Haj MUHUMYMOM CyOBEPTMKaNbHOM 4acTy MOBEPXHOCTM



CKOMMbXEeHNA MUTpupyeT B CTOPOHY MOHOTOHHOIO M3MEHEHUA HanpA>XEHHOCTW nosd U Ao-
CTUraeT KpPpUTUYEeCKOro 3HavyeHunsa C ,U,OCTaTO‘-IHOIz ONA NPakKTUKM TOYHOCTbKO Ha PacCTOAHUN

1- OT 3MULEHTPa/IbHOr0 MUHUMa/IbHOW TlyOUHE MOBEPXHOCTU CKOJbXKEHUS
max _j
V K-am
3KCTpemyma, rge /, - paccTtosiHue mMexay OL4HOMMEHHbIMU 3KCTpemyMamu, /2 - MonoBuHa
rOPU30HTa/IbHOW A/IMHbI POPMUPYIOLLLENCS NMOBEPXHOCTU CKOJMbXEHUA, /max/hnin - oTHOLLe-

HEe MaKCUMa/lbHOM N MUHUMAbHOM rNy6UH hopMUPYIOLLIEIACS MOBEPXHOCTU CKOMBXKEHNS.
N3BECTHO, UTO FOPU30HTa/bHAS YaCTb MOBEPXHOCTU CKOMbXEHUS 0TOGPAXKAETCs B /0-

o o X+12 x-L
Ka/IlbHOM MarHUTHOM Mo/e AMHaMWUYecKon aHomanmed Z = 21 arctg-——-- - arctg-
Monyyaem 3aBucumocTu npu ~ Z3C=2(x12), Z3C=Z (x1d):
hmax = K-M2- (6)
412 NY . (7)

\2
roe kK= Y -1, T0 eCTb, MO XapaKTEPHbIM TOUKAM aHOManuW BeNNUMHBI fitaxi / 20npege-
\ X172
NAKTCA OLHO3HAYHO, a OMNpeAeneHne KPUTUYECKOTO 3HaYeHNs ZcoCcTaeTcs 6e3 N3MEHEHNIA.

PeXVMHble HabNOAEHNs C UHTEPBANOM, 06ecreymBatoLLM PaBeHCTBO Pa3HOCTU Au-
HaMWYECKO HanpsPKeHHOCTW MarHUTHOIO Mons MpeablayLnMx U nocnegytowmx Habnomae-
HWIA, NO3BONSIOT PaAUKanbHO YMPOCTUTb 3KCTPANONALMIO HAMPSXXEHHOCTU AMHAMUYECKOIO
MarHUTHOTO MONS BO BPEMEHHOM WMHTEPBase, YTO CYLLIECTBEHHO MOBbILIAET TOYHOCTb MPO-
rHO3MPOBAHMS 1 ONepaTUBHOCTL Pe3y bTaTa.

Bnarofaps TOMy, UTO PEXVMHbIE HAGMOAEHNS NMPOU3BOAATCS B (DUKCUPOBAHHON TOUY-
KE Ha NMOBEPXHOCTU KOHTPO/bHbIX 06LEKTOB, CTAHOBUTCS BO3MOXHbIM TpaHC(HOPMMPOBaTb
omdhepeHUManbHOe YpaBHEHME B YaCTHbIX MPOW3BOAHbIX, OMUCLIBAIOLLEE AMHAMUKY POCTa
MOBEPXHOCTV OTPbIBA U CKOMbXEHMS, B 0ObIKHOBEHHOE AnddepeHLnanbHOe ypaBHeHME, pe-
LIEHNEM KOTOPOFO SABNSETCA NPOrHOCTUYECKas KpvBasi, 3aBMCSLLAs OT BPEMEHM, U3 KOTOPOIA
onpeAaensieTcs Npu onpeaeneHHOM paHee KPUTUYECKOM 3HaueHUM ZC pecypc A0NroBeYHOCTH

orpaHN4eHHoO yCTOVI‘-II/IBbIX 06BEKTOB B M0/IE CU/IbI TSHKECTU U3 BblPaXKEeHUA:

K * Arg 2ZM-(Z,+2,)
Aty A A

[=m

rae Atk - MHTepBan BpeMeHn MeXay &+1-M U K-TbiM HaONOAEHNAMU;
Atld] - nHTepBan BpemMeHU Mexay K+2-M 1 K+ 1-M HabntoaeHUAMY;
ZKk - HanpsbkeHHOCTb AWHAMMYECKOr0 MarHUTHOFO MOst K-TO HA6NIOAEHNS!, HT;
Zk# - HanpsHKeHHOCTb MarHWTHOrO nons £+1-ro HabngeHUA, HT;



ZC - KpUTNYecKast Hanps>XeHHOCTb MarHUTHOrO Nons, HT.

Takvm o6pa3om, 6rarofaps NpeLokeHHOMY MeToLy CTafio BO3MOXHbLIM OCYLLECTB-
NeHvie yyeTa NMPUYNHHO-CNEACTBEHHbIX CBA3E MeX/AYy XapaKTepoM HaKOMIeHUS BHYTPEHHUX
AethopMauuii B OrpaHNUYeHHO YCTOMYMBBLIX 00bEeKTax B Moje CUbl TAHXECTU U BPEMEHEM pas-
BUATMA 3TUX fedhopMaupid, 4To obecrieumBaeT NOBbILLEHME HALEXHOCTM MH(opMauun o cpo-
Kax YCTOMYMBOCTU KOHTPOJ/IbHbIX OOBLEKTOB W, Kak CMeAcTBUe, NOosyyYeHue LONroCPOYHOro,
CPeAHECPOYHOr0 M KPaTKOCPOYHOr0 MPOrHO30B UX YCTOMYMBOIO COCTOSIHWUSA C Tpebyemoii
TOYHOCTBHO.

MpoHuKatowas B 06NnacTb BHYTPEHHUX [edieKTOB 0O6BLEKTOB, MpebblBalOLNX B CO-
CTOSIHUM KadKyLLLerocs paBHOBECUS, OKpyXatolas cpefa (BO3ayX, Bnara) HamarHWYMBaeTCs
nof, Ae/CTBMEM MArHUTHOrO Mosisi O6beKTa M CO34aeT /I0KasIbHble MepeHanpsXKeHUs, mMo-
CKO/bKY, Kak Obl10 OTMEYeHO Bbllle, MOCTOAHHO HAXOAMTCA B HEPaBHOBECHOM COCTOSIHWW.
KonnyecTBeHHO 3TOT MPOLECC OMuMCbIBaeTCs AMepeHUNaIbHbIM YPaBHEHNEM B YaCTHbIX
MPON3BOLHbIX:

©)

roe H - BeKTOp Hanps»KeHHOCTU MarHWTHOrO Nosis ovara HeobpaTumon fedopmaummn (Mm
ntobasi ero cocTaBnALWas);
1T- KO3(h(hULIMEHT HaMarHAYMBAHWS.
B TOuKe NMOBEPXHOCTU KOHTPO/ILHOrO 00beKTa, COOTBETCTBYHOLLENA ANULEHTPY UCTOY-
HUKa MUKpPOaHOManuii, ypaBHeHue (9) o4eHb ciabo 3aBUCUT OT BPEMEHMU W C [OCTaTOYHOM
[N9 MPaKTUKM TOYHOCTLIO pacnafaeTcs Ha [4Ba PaBeHCTBa:

AH =0, (10)

(H)

a B CUNy (hmkcauum Uccneayemomn ToUKM Ha NOBEPXHOCTU KOHTPOMbHOIO 06beKTa, MPOrHo-
CTMYecKasi Kpueas KoHkpeTHoro OHZ, H (/) ynoBnetBopsieT 06bIKHOBEHHOMY AMDDEPEHLM-

a/lbHOMY YpaBHEHMIO. B 4acTHOCTW, ecnv Npu onpefeneHnn pecypca A0NroBEeYHOCTU KOH-
TPONbHOrO 06BEKTA WUCMONb3YeTCs BePTUKa/bHAs COCTaBAsOWAA MarHuTHoro nons OHZ,

Z(/), ypaBHeHVe NMeeT BUL;

Z +tZ =0. (12)

ObLuee pelueHne ypaBHeHUs (12) cofep>XUT ABe NPOM3BOJIbHbIE MOCTOAHHbIE. OfHa
MOCTOSAHHAaA UMEET PasMepHOCTb HarMpsHXKEeHHOCTU MarHUTHOrO NoNs U ABNAETCH COOCTBEH-
HbIM MarHUTHbIM MONeM Zs ovara HeobpatumMon fedopmauumn (Npy pasnuyHbIX reomeTpuye-
CKnx ocobeHHocTax OH/L cneaytoT pasnnyHble Zs). BTopas nocTofaHHas MMeeT pasmMepHOCTb

BPEMEHMN U SIBNSETCA AMTENIbHOCTLIO CTaHOBNEHWS AeTEPMUHMPOBAHHOMO MpoLiecca Aedop-
MaLwiA NIOKaNIbHOM YacTW KOHTPObHOM CTPYKTYpbl t0, TaK Kak MepeopueHTauus MUKpPO- U

MaKpPOCTPYKTYp BELLECTBa, ONpeenstoliMx ero BHellHee MarHUTHOe none, TpebyeT KoHeu-

YIVMHVYX3N  BVH4O.
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HOro BpemeHW. Kpome atoro, OH/J, Bcerga hopMmpyeTcsi Ha KaKOM-HMOYAb HauasibHOM
YPOBHE MarHWTHOIO Mons Zn - NI0Ka/lbHOM HOpManbHOM Mose. C y4YeTOM BblLLIECKA3aHHOrO,

peLleHve ypaBHeHus (12) nMeeT BUA;

Z(r)=2 ,-Z>1. (13)

o

CnepoBaTe/lbHO, IMNMPUYECKas KpWBasi, NMOCTPOEHHas B pe3ynbTaTe HabMoAeHUI, SB-
NSIeTCS NOraputMMUecKoii (hyHKLIME BPEMEHW C MOCTOSHHLIMK ZS 1 tQ OTBEYAIOLMMMN KOH-

KPeTHbIM NnapameTpam KoHTponupyemoro OHJ, onpefeneHHON Ha HEKOTOPOM YPOBHEHHOM
3HAYeHNN MarHUTHOrO Mons Zn. LleneBbiM napaMeTpoM SIBNSETCS BPeMS pa3BUTUS Aedop-

MaLMK KOHTPO/bHbIX 06beKTOB. O6pallas QyHKLUIO (4), Nonyyaem:

Z -7
t =taex (14)

Ecnv B HEKOTOPbIA MOMEHT BpeMeHM pas3BuTusaetopmaLim t =tk HanpsXKeHHOCTb
MarHMTHOrO NoJs B ANMULEHTPEe oyara HeobpaTumoli aedopmMaLum paBHa Zk nonyyaem:

h =K? nim t0=exp ~-ne (15)

S S

Mogctasnas (6) B (5) nonyyaem LeneByro (hyHKLUMIO BPEMEHW Pa3BUTUSA AedhopMaLmn:

=trexph—:-, (16)

S

He 3aBUCSLLLYO OT NI0Ka/IbHOr0 HOPMasilbHOr0 Noss, B KOTOPOM AehOpMUPYeTCS KOHTPO/bHbI
0OBEKT.

B uensax o6Hapy>XeHUs 1 KOHTPO/IS 04aroB HeobpaTumon aeopmMauumn NPon3BoANTCS
PEKOrHOCLMPOBOYHAA MarHUTHas ChbeMKa MUCCMefyemMblX 06BHEKTOB. DNAMATUYECKME B MNnaHe
NOKanbHble AHAMUYECKME MUKPOAHOMA/IMN CBUAETENbCTBYHOT O HA/IMYMMN U POCTE BHYTPEH-
HMX Aethopmaumid, o BpeMeHeM NPUBOASALLMX K pa3pyLUeHn0 06beKTOB. CyLleCTBEHHbIM MO-
MEHTOM METOAUKN PEXUMHbIX HabMOAEHMIA SBNSETCA perncrpaums 3KCTpemanbHOro 3Ha-
YeHWs1 HanPsYKEeHHOCTM MarHUTHOFO MOMs B PMKCMPOBAHHOW TOYKe. [Na 3TOro B OKPECTHO-
CTW 3MULEHTPOB ANHAMUYECKMX MUKPOAHOManWin Npou3BOAMNTCS MUKPOMarHUTHas CeTka Co
CryLjatoLLeincs paBHOMEPHOWN CeTb0 HabMOAEHNIN [0 NOMYYEHUS SKCTPEMA/IbHOMO 3HaYeHUs
HanNPSHKEHHOCTM MarHWTHOro nons. 3ajuKCMPOBaB Ha MOBEPXHOCTW HAaGNHOAEHWUIA TOUKK C
3KCTPeMa/IbHbIMM 3HAYEHMSIMU AMHAMUYECKNX MUKPOAHOMaNWii, Yepe3 NPoMeXyTKn Bpeme-
HK, obecneunBatoLe B (OMKCMPOBAHHbIX TOUYKAX KOHTPO/Ib PaBEHCTBA Pa3HOCTU Npedblay-
WX 1 NOCNeayroLLMX HabNOAEHWNIA, NPOM3BOAAT PEXNMHbIE U3MEPEHNS 3KCTPEMaNbHON Ha-
NPSXKEHHOCTU MarHMTHOrO MoNs o4aroB HeobpaTuMol Aecopmaumun. [aHHble 3aHOCATCS B
XKypHan HabnwoeHni, BO3MOXHbIE Bapuauuy HanpsXKeHHOCTU MarHWTHOro Mons UCKMKYa-
OTCS MNOCPEACTBOM CMHXPOHHbIX HabNIOAEHWI Ha OMOPHbIX TOUYKAX C WU3BECTHbIM CTaTuue-
CKUM MarH/UTHbIM MONEM.

LleneBas thyHKUMSA BpeMeHW pa3BuTus aedopmaunii (16) ogHO3HAYHO onpeaensieTcs



Mo TpeM TOYKaM HabMOAEHUI B HEKOTOPble MOMEHTbI BpemeHn tk, tkH, tk+2, ans koTopbIx
HabnofaeMoe MarHUTHOE NoJe CBA3aHO COOTHOLLIEHNEM:

k= &e+1 = E+1 L g’ (17)

MpU M3BECTHbIX MHTepBasiax HabnogeHUn Atk = tkh - tk, Atk =tki2- tk+.
[enctBuTensHo, 13 (16) cneayert:

zK-z kit
hH - tkexp * ;
+
2 = tkexpz—k---z-k—2 : (18)
Orcroga, cornacHo (17) u (18), nonyyaem 3aMKHYTYH CUCTEMY YPaBHEHMWIA:
Hé = Tk ~ter>
®h+l~h~ 7~ K’ (19)
He2~ hH ~ Ak+2
a TaKke COBCTBEHHOE MarHWTHOE Mo/e o4yara HeobpaTumMon fedopmaumn:
Z - Hen
4 (20)
Moactasnas (20) B (16) nonyyaem:
(21)

rge z - nepemeHHas.
Cuntas Bpemsa nocnefHero HabnwogeHns tk+2 Hayasiom oTcyeTa MCKOMOTO BPeMEeHU
fedopmaLium KOHTPONIbHOTO 06bEKTa, 13 (21) nonyyaem:

t=tu o 22
s Zk-zm 2 @2)

CucTema ypaBHeHmiA (19) nerko peLuaeTcs:



h+2 * "K+1 I1Mk+\ K = (24)

MoacTaBnss pe3ynbTaT pelleHnst cucTeMbl (19) B Npeaplayliee paBeHCTBO, NOyYaeMm:

(25)
Nk NzkA

N3 (4) BbITEKAET, UTO NtOGOI ovar HeobpaTUMOi AedopMaLyn C TEYUEHUEM BPEMEHM
HeorpaHUYeHHO yBeNnMUMBaeTcs B pasmepax. OfHaKO OYeBMAHO, YTO B TaKOM C/yyae C Teye-
HMEM BPEMEHN HapyLlaeTcsl YCTOWYMBOCTb 0GBEKTA, M MO AOCTUXKEHWIO HEKOTOPOrO KpUTK-
YECKOro 3HauYeHUs ZccneayeT NaBMHOO6Pa3HbIi POCT MaKpPOTPELLMH, MOCKOMBbKY Ntobble ec-

TeCTBEHHbIE U/ aHTPOMOTreHHble 06pa30BaHNA HaXOAATCS B MOCTOAHHOM AEVCTBUM MONS Cu-
Nbl TSHKECTW, HACTynaeT paspylleHne matepuana (06vekTa). OnpefesieHne  KpUTUYECKOro
3HaYeHWs1 ZCABNAETCA BECbMa TOHKOM pacyeTHOW onepaumeid, KoTopas TpebyeT KOHKPETHOro

noAxoAa B KaXKAOM KOHKPETHOM C/lyyae CO BCECTOPOHHMM aHa/IM30M KaK 0COOGEHHOCTEN KOH-
TPONLHOrO 00bEKTa, TaK U AUHaMU4YecKux napameTpoB OHJL B 3aBUCMMOCTM OT €ro Xa-
pakTepa. o onpeaeneHnto Z¢ nonyyaem 3aBUCMMOCTb:

(26)

PaBeHCTBO (26) M03BO/MISET ONPeAeUTb PECypC AONTOBEYHOCTM OrPaHNYeHHO YCTOW-
YMBbLIX 06BLEKTOB B MOJIE CUMbI TSHKECTW NPU MOMOLLM CUCTEMbI PEXXUMHbIX HabMHoAeHWUIA an-
HaMMYECKOW HanpsXKeHHOCTW MarHUTHOrO Mo/s o4aroB HeobpaTUMOK AedopmMaLiu.

MpenMyLLeCTBOM crnocoba SBMSETCA OTHOCUTENbHOCTb M3MEPEHUI HanpPsXKeHHOCTU
6e3 MCMNoMb30BaHUS HOPMasIbHOro  (MN NK60ro 6a3nMCHOr0) MarHUTHOrO Mons, YTo obecrne-
4mBaeT 60/bLUYI0 TOYHOCTb U MPOM3BOAUTENBHOCTb, TaK KakK Mpu PeXXMMHOM CbeMKe [OCTa-
TOYHO MCNONb30BaTh LMPPOBbIE AaHHble NOKasaHUi AZ marHMTomeTpa (6e3 nepecyeTa B Ha-
HoTecna) 1 Tpebyemblil MacwTab BpemMeHW (Yacbl, AHWU, Helenu, Mecsubl, rofpl).

Mog, BANAHUEM M3MEHEHUSI BHELLHMX YCMOBUIA PEXUM HaKOMeHWs aeopmauunii Mo-
XKET M3MEHATLCA B NPOLIECCE UX reHe3nca, 04HaKOo B 3TOM C/lyyae 3aKoH hopmmpoBaHus OHJ,
B MeXaHW4YecKu Hanps>keHHOM Tenie (9) OcTaeTcs HEM3MEHHbIM, W3MEHAITCA NIUWb Ha-
Ya/ibHble N FPaHnYHble YCNOBUA ANs ypaBHeHUs (9), UTO MOXET MPUBECTU K HEKOTOPbIM Ba-

praumsm ueneBoi gyHkuum (13) B cuiy M3MeHeHWs MOCTOSHHbIX tOn Zs CnegoBaTenbHoO, B

NOBOM C/yyae cucTemMa pPeXnMHbIX HabnroaeHUA obecrneynBaeT AOCTOBEPHOCTbL Onpenene-
HWA pecypca AONT0BEYHOCTU Le(hopMUPYeMbIX 0OBEKTOB.

3aktoyeHune
[Na CNoXHbIX YCNOBWUIA 3KCNyaTauuyM MeCTOPOXAEHWNIA pa3paboTaH ornepaTuBHbIN

Cnoco6 MporHo3a OMacHbIX OMOM3HEBbIX  fAedpopMauuii Ha OCHOBE — permcTpaumu
NpeaBecTHUKOB AehopMaLii FOPHbIX NOPOZ, MarHUTOMETPUYECKMMMU METOAAMM.
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The forecast way of mine workings and slopes stability

The article presents the forecast way of the stability of mine workings and slopes on
the basis of registration of rocks deformation forerunners by means of magnetometric me-

thods.
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