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OBILIAA XAPAKTEPUCTUKA PABOTbBI

AxkmyansHocms  padomol. CyuiecTByonme  HOPMaTUBHO-METOIUYECKUE
JIOKYMEHTBI B 00JIACTH pacyeToOB CABMKEHUU U nedopmaruii moapadaTbiBaeMOil 3eMHOM
MOBEPXHOCTH Oa3upyIOTCS HA THUIOBBIX pacHpeleNeHUusX (KPUBBIX), MOJYYECHHBIX TIO
00001IEHUSIM UHCTPYMEHTANBbHBIX HaOmoneHnid 60 — 70-x rogoB XX Beka MPU CKOPOCTAX
MIOJIBUTAHUSI OYMCTHBIX 3a00€B 10 150M/Mecst (10 SM/CyTkH) U pa3Mepax BBIEMKH BKPECT
npoctupanuss A0 80-120m. Pacuerbl BBITOTHAKOTCS IS YCIOBHM 3aKOHYMBIIETOCS
mpoiiecca, JAWHAMUKa CABWXKEHMM u JedopManuii npu  (GOpMHUPOBAHUU  MYJIbJbI
CABIKECHUS HE YUUTHIBACTCHI.

CoBpeMEHHbIE TEXHOJOTUH OTPAOOTKM IIJJACTOB MPEANOJIAratoT yBEIUYECHHUE
ckopocTei mojauranusi 3a6oes a0 200-600M/mecsn (10 20M/CyTKH) U pa3MepoB JIaB J10
200-250m wu Oomee. HecMoTps Ha TOPOJODKUTEIBHYIO  HCTOPUIO  H3YUYCHHS
r€OMEXaHUYECKUX MPOLIECCOB, CBA3aHHBIX C HAPYLIEHUEM PABHOBECHUS B MACCHUBE FOPHBIX
NOpOJ TOJT BIMSHUEM TOPHBIX pa3pabOTOK, BIMUSHHE POCTa CKOPOCTHU MOJBUTAHUS 32004
HAa M3MEHEHHE COCTOSHHS MAacCHMBa U MOJpabaThIBa€MON MOBEPXHOCTH B JOCTATOYHOU
MEpe HE  HCCIEIOBAaHO W  OLEHHUBAETCA  HCCIENOBATEISIMA  HEOJHO3HAYHO.
KonnuecTBeHHBIX XapaKTEPUCTUK ATOTO BIHSHUS HE YCTAaHOBIICHO.

C mepexoJoM IIaXT HAa WHTEHCUBHBIE CIIOCOOBI TOOBIYM YTJIS BO3pacTaeT POJIb
ydeTa B TeOMEXaHMUECKHUX Iporieccax (hakTopa BpEMEHH, BHUMaHUE YUEHBIX U MTPAKTHUKOB
doKycupyeTcss Ha BOMPOCAX HM3MEHEHHs HaMpPsHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSHUS
TOPHOTO MacCHBa M pa3BUTHUs TMpoOIecca CABWKEHHUS B JHMHAMUKE. OTOT HWHTEpEC
00yClaBIUBAETCA TE€M, YTO MPOMEKYTOUHBIC 3HAUEHUS CIABIXKCHUN U aedopmaiuii npu
dbopMUpPOBaHUU MYJIbJIBI CIBHXKEHUN MOTYT MPEBBIIIATh KX OKOHYATEJIbHbIC 3HaUCHUS. TO
€CTh, NpPHU pEUICHUU 3aJad 10 3allUTe COOPYXKEHUHW U TPUPOAHBIX OOBEKTOB C
UCIIOJIb30BAaHUEM OKOHYATENIbHBIX BEIMYMH MMapaMeTPOB CABMKEHUS 0€3 ydyeTa pa3BUTHUSA
nehOpMaIIMOHHBIX MTPOLIECCOB BO BPEMEHU BO3HUKAIOT MPOTUBOPEUUS MEX]Y peaTbHBIMU
nedopMalsiMU 3eMHON TOBEPXHOCTU U PACCUYUTAHHBIMU 10 HOPMATUBHBIM JIOKYMEHTaM.

Hayunple pa0OoThl TOCIETHUX JIET B O00JacTH JUHAMUYECKHUX IIPOIECCOB,
CONPOBOKJIAIOIINX AKTUBHYIO CTAJHMIO0 CABUKEHHI THEBHOUN MOBEPXHOCTH, 3aTPArUBAIOT
HEKOTOPbIE 3aKOHOMEPHOCTH Pa3BUTHS MPOdUiIss JTUHAMUYECKON MYJbIbI B 3aBUCUMOCTHU
OT MOJIOKEHUS JIMHUM OYUCTHOTO 3a0051. 3aKOHOMEPHOCTH CABUKEHHS OT/ICIbHBIX TOUEK
36MHOM TIOBEPXHOCTHM TP H3TOM HE pacCMOTpeHbl. B dacTHOocTHM 3TO KacaeTcs
KOJIMYECTBEHHOTO COOTHONIIEHUS MEXKy OCEJAaHUSIMU U TOPU30HTATBHBIMU CABUKECHUSIMU
U XapakTepa TMPOCTPAHCTBEHHBIX CMEIICHHH TOYEK 3EMHON TMOBEPXHOCTH TMpH
noipaboTKe.

HccnenoBanusi B JaHHOM HAINpaBIE€HUU JAayT BO3MOKHOCTh pa3pabOTKU CIOCOOOB
IPOrHO3a OXHUAAEMBIX JIMHAMUYECKUX CHABIKEHUH U nedopmanuil 1000H TOYKH
nojipabaThiBa€MO MOBEPXHOCTH B 30HE BIMSHUS TOPHBIX pabOT OTIEIBHOM JaBbl B
JUHAMUKE B 3aBUCHMOCTH OT IOJIOKEHHUS OYMCTHOTrO 32005 M MPUBEAYT K CO3JaHUIO
IPOCTPAHCTBEHHBIX MOJIEJIEN Mpoliecca CABUKEHUS.

Henvo pabomwr sBuseTcss pa3pabOTKa METOAMKH TIPOTHO3a JIMHAMHYECKUX
CABW)KEHUM TIPOU3BOJBHOM TOYKM NOBEPXHOCTH, PACIOJIOKEHHONM B 30HE BIIMSHHSA
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OTJIETIbHON OYMCTHOM BBIEMKH, ISl TIOBBIIICHUS Ka4eCTBA T€OMEXAaHUYECKUX PACUETOB U
3¢ (PEKTUBHOCTH TEOMEXaHUYECKOTO 00eCIIeueHrs OCBOCHUS YTOJIBHBIX MECTOPOKICHU.

Ocnoenasa udea padompl COCTOUT B YCTAaHOBJIEHUUM NApaMETPOB Mpolecca
CABMKEHUS TIpH (OPMHUPOBAHUU MYJIbJbl HA OCHOBE WHCTPYMEHTAJIBHBIX HAOIIOIECHUN U
pa3paboTke crmoco0a pacdeTa CABWIKEHUW OTACIBHBIX TOYEK IMOApadaTHIBAEMOM
MOBEPXHOCTH MPU OTPAOOTKE YroJIbHBIX MIACTOB MOJOTOr0 U HAKJIIOHHOTO 3aJIeraHusl MO/l
WHXXEHEPHBIMU W TPUPOJHBIMU OOBEKTaMHM, B TOM YMHCII€ MPU BBIEMKE C BBICOKHUMU
CKOPOCTSMHM MOJBUTaHUs 3a00€B.

3aoauu uccnedosanusn:

— YCTaHOBUTb B3aMMOCBS3b IMAPAMETPOB CJIBIKCHUS E€IUHUYHON TOUYKH MPH
MOJIBUTAHUU OYMCTHOTO 320051

— YCTaHOBHUTH BJIMSIHUE CKOPOCTH MOJBHUTAaHMSI OYUCTHOTO 3a00si HA CIBU)KEHUE
MOBEPXHOCTH;

— pazpaboTaTh METOAMKY TMPOTHO3a JUHAMUYECKUX  BEPTUKAIBHBIX U
TOPU3OHTAIBHBIX CABUKEHUHN OTNIETBLHON TOYKU MOAPA0ATHIBAEMOM MTOBEPXHOCTH.

Oovexkm uccnedosanus:

— o0nacTh MmoApadaThHIBAEMON 3€MHON TMOBEPXHOCTH B 30HE BIIHMSHUS OYMCTHOU
BBIEMKH C TTOBBIIICHHBIMUA CKOPOCTSIMU TIOJIBUTAHUS 3200€B.

Memoowt uccneoosanus. Vlcnonb3yercs KOMILIEKC METOIOB, BKITIOUYAIOIINN B CEO0SI:

— aHanu3 ¥ 0000ILEHNE TUTEPATYPHBIX JAHHBIX 10 pacCMaTpPUBAEMOl MpoodIIeMe;

— MPOBEJICHUE WHCTPYMEHTAIBHBIX HAOMIOJACHUN Ha pEnepHBIX HaOIIOaTEIbHBIX
CTaHIIUSIX;

— CTaTUCTUYECKYI0 00pa0OTKY AKCIEPUMEHTATbHBIX JTAHHBIX, KOPPEIALMOHHBIN U
PErpecCUOHHBIN aHau3;

Hayunwie nonoscenus, 3aiuniaeMbie aBTOPOM:

— CMelieHds TOYEK MOBEPXHOCTH, HAXOMASIIMXCA B PAHUIAX BIUSHUS OYUCTHOU
BBIEMKH, TPU TOAPAOOTKE MPOUCXOMAT PA3HOAMIUTUTYIHO, C pPa3HOHAMPABICHHBIMU
TOPU30HTAIBHBIMU CABWKEHUSIMU U PA3HBIMU COOTHOLIECHUSIMU MEXKIY CABUKEHUSIMU B
BEPTUKAIBLHOM U TOPU30HTAIILHOM HAMpaBlieHUsX. B CBsI3u ¢ 0COOEHHOCTSIMU CIBHYKEHUN
OTJIETTbHBIX TOYEK BBIIACIAIOTCS XapaKTepHBbIC 30HBI: 4 - B HANPABICHUU JBMXCHUS 32004,
4 - B IONEpEYHOM HANPABJICHUMU.

— Jlng xaxaoW U3 XapaKTEpHBIX 30H JUHAMHYECKOE OCEIaHHe MPOU3BOJBHOU
TOYKH TOBEPXHOCTH B MYJIBJIC CABUKCHHUS MOXKET OBITH OMPEICICHO 4Yepe3 BEIUYUHY
noJBUraHus 3a008 W MAaKCUMaJbHOE OCEJaHUEe BTOH TOYKHU, COOTBETCTBYIOILHE
OKOHYAHWIO TiepuoAa (HOPMUPOBAHMS JUHAMHYECKOW MYJbIbI, a JUHAMHYECKOE
TOPU30HTAIBHOE CABM)KEHHE, B CBOIO OYEpelb - 4Yepe3 BEIMYHMHY JTUHAMUYECKOIO
OCEeJIaHus.

— MakcuManbsHOe oceflaHie MPOU3BOIBLHOM TOUKH MOAPa0aTHIBAEMOM MOBEPXHOCTH
3aBUCUT OT €€ pAcCMOJIOKEHHs B MYyJIbJie CABWXKEHHUS. BrusiHue pocTta CKOpPOCTH
MOJIBUTAHUSI OYMCTHOTO 320051 HA OCEIaHUS TOYEK MOJYyMYJIbIbI CO CTOPOHBI MOHTXKHOU
KaMepbl HE YCTAHOBJICHO, IJII TOYEK, PACIOJIOKEHHBIX B MOJYMYJIbJIE CO CTOPOHBI
JEMOHTOXKHOW KaMephl, YBEIMYEHUE CKOPOCTH TMOABUTAHHUS 32008 YMEHbBIIAET
JUHAMUYECKUE OCENaHUs MOApPadaTHIBAEMON TIOBEPXHOCTH — TMPH POCTE CKOPOCTH



noaBUranus ot S5 A0 15M/cyTku BenuYMHA JUHAMUYECKOTO OCENaHUs TOYKH B
3aBHCHMOCTH OT €€ MOJIOKEHHUS B MTOJIyMYJIbJIE «BIIEpenn 3a00sh» CHIbKaeTcs A0 2,4 pas.

Hayunaa nosusna padomul 3aKIH04aCTCS:

— B YCTAHOBJIEHMM XAapaKTEPHBIX 30H CIBWXCHHMS Ha pa3pe3ax BKpPECT U II0
IPOCTUPAHUIO JIABBl C Pa3JWYHBIM XapakTepOM CMEUICHUS OTIEIbHBIX TOYEK
10/1padaTbIBAEMON MOBEPXHOCTH;

— B YCTaHOBJICHMM 3aKOHOMEPHOCTEH PAa3BUTHUS ITMHAMUYECKUX OCENAHUM TOYEK B
BBISIBJIEHHBIX XapaKTEPHbBIX 30HaX B 3aBUCHMOCTH OT IOJIOKEHUs 3a005;

— B YCTAHOBJICHUH aHAJUTUYECKON B3aMMOCBSI3H BEPTUKAIBHBIX U TOPU30HTAIbHBIX
CABMKEHUH TOYEK Ha MPOPUIbHBIX JIMHUSX BKPECT U MO MPOCTUPAHUIO JaBBI;

— B KOJIMYECTBEHHOM OIICHKE BIMAHHUS CKOPOCTU TMOABUTaHUS 3a00€B Ha
JTUHAMHUYECKHUE OCETaHUsI U TOPU3OHTAIIBHBIE CIIBUKEHUS IOBEPXHOCTH;

Hayunoe 3nauenue padompl COCTOUT B BBIIACICHUM B JAUHAMUYECKON MYJIbJE
XapaKTEepHBIX 30H CIABHWKCHMS, BBISBICHUM 3aKOHOMEPHOCTEN ABMIKEHHS B HUX TOYEK
no/ipabaThIBa€MOM 3€MHON MOBEPXHOCTH M YCTAHOBJICHUM AHAIMTHUYECKUX BBIPAKEHUN
B3aUMOCBSI3€M MEXK]ly ITapamMeTpaMu MYyJIbJbl.

Omauuue om panee 6bINOJHEHHBIX pPAOOmM 3AKIIOYACTCS B PEUICHUU 3a1ad
IOPOrHO3a CIABMKEHHH OTACNbHOM TOYKM MoApabaThiBaeMOW TMOBEPXHOCTH TPHU
COBPEMEHHBIX CKOPOCTSIX pa3pabOTKU B JAWHAMUYECKOW IMOCTaHOBKE. BrepBbie naHa
KOJIMYECTBEHHAs] OLICHKAa BIIMAHHMS CKOPOCTHM IOABUTAHMS OYMCTHOrO 3a00s Ha
JTUHAMHUYECKHAE OCEAAHUsI U TOPU3OHTAIbHBIE CIBUKEHUS TOBEPXHOCTH, & TAKKE BIIEPBBIC
YCTAHOBJICHBl AHAIMTUYECKUE 3aBUCHMOCTH MEXKIY OCENAaHMSIMU M TOPU30HTAIbHBIMU
CIABMO)KECHUSIMU.

Ilpakmuueckan uennocms padomwpl 3aKIIOYACTCS B pa3pabOTKe METOIUKU
IIPOTHO3a JUHAMHYECKUX BEPTUKAIBHBIX U TOPU3OHTAIBHBIX CIBHKEHUMN 3aJaHHBIX TOUEK
noipabaThiBa€MO 3€MHOM MOBEPXHOCTH B 3aBUCUMOCTH OT MOJIOKEHHSI OUUCTHOTO 32004
OTHOCHUTEJIbHO MOHTa)KHON KaMepbl U CKOPOCTHU €ro MOJBUTaHMS IPU pa3padOTKE MOJIOTUX
¥ HaKJIOHHBIX Tu1acToB Ky3b6acca BhICOKOMEXaHU3UPOBAHHBIMU JIABaMHU.

Jlocmosepnocms  Hayunvlx  pe3yabmamog  OOECIICUUBACTCS  CXOIUMOCTBIO
PaCUETHBIX U IKCIEPUMEHTAJIbHBIX JAHHBIX, IPOBEPEHHON CTATUCTUUECKUMU TUIIOTE3aMHU
U KPUTEPHUSIMU C YPOBHEM 3HaunMocTH He Oonee 0,05.

Juunwtii 6k1a0 aemopa 3aKI0OYAETCA B!

- 0000IIEHNN M aHall3€ OTEYECTBEHHBIX M 3apyOEKHBIX METOAMK pacueTa
CABWKEHUM U 1edopmanuii moapadaTbiBaeMOi 36MHOM TOBEPXHOCTH;

- OPOBEICHUH W Tocienyromed o0paboTKe 4YacTOTHBIX MapKIIeHaepcKux
HAOJIIOICHUI 3a CIBM)KEHHEM 3€MHOW IMOBEPXHOCTH B MPOLECCE JABMKEHHUS OYUCTHBIX
3a00€B C TOBBIIICEHHBIMU CKOPOCTSIMH OT MOHTaXHOW JO JIE€MOHTaXXHOW KaMmephbl B
ycinoBusix Kysbacca;

- YCTAHOBJICHUH XapaKTEPHBIX 30H CABHKEHHUS TOUYEK 36MHOM MOBEPXHOCTHU B
JVHAMUAYECKONU MYJIbJIE, BBIBICHUHM B 3THX 30HAaX 3aKOHOMEPHOCTEM M aHAIUTUYECKUX
3aBUCUMOCTEN BEPTUKAJIBHBIX U FOPU3OHTAIBHBIX CABHXKEHUW OT TEKYLIErO IOJIOXKECHUS
OYHUCTHOTO 320051 U CKOPOCTH €r0 MOJABUTAHNUS;
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- pa3pabOTKe METOJMKH MPOrHO3a OKMJIAEMbIX JIMHAMHYECKUX CJIIBHXKCHHM
OTJIETTFHBIX TOYEK 3€MHOM TMOBEPXHOCTH MPH OTPAOOTKE MOJIOTUX YTOJBHBIX IUIACTOB
Kysbacca BpicOkOMeXaHU3UPOBAHHBIMU JIABaMHU.

Peanuzayusn pavomel. I1lonoxenus, pa3paboTaHHBIC B JUCCEPTAIIUH, PEATU30BAHBI
B «MeTroauke MpPOrHo3a OXHUAAEMBbIX JTUHAMUYECKUX CJBHKEHUN OTIEIbHBIX TOUYEK
36MHOW T[OBEPXHOCTH Mpu OTpabOTKE TMOJOrMX YrojibHbIX IuactoB Kysbacca
BBICOKOMEXaHU3NPOBAHHBIMM OJIMHOYHBIMU JaBaMu», 2018 T.

Anpooayun padomer. (OCHOBHBIE TIOJNIOKEHHMSI JAUCCEPTALIMOHHON  PabOThI
noxsansiBanuch Ha XXIII MexnyHapoaHoMm HayyHOM cuMmIiiosuyMe «Henens ropHska —
2015», Mocksa, 2015r.; IV MexayHapoaHoil Hay4YHO-NPAKTUYECKOW KOH(EepeHInH
«CoBpeMEHHBIE TEHJICHIIMM W WHHOBAllMM B HAyKe W IPOU3BOACTBE», MEXKIypEUCHCK,
2015r.; va VI VYpansckom ['opHompombinuieHHoM ®PopyMe B pamkax Bcepoccuiickoit
HAyYHO-TEXHUYECKOW KOH(MEpEeHIIMH C MEXIyHapoAHbIM ydacTueMm «l'eoMexaHuka B
ropaoM gnene — 2015», ExarepunOypr, 2015r.; Bcepoccuiickoil HaydHO-IPaKTUYECKON
koH(pepeHiun «DyHIaMEHTaIbHbIE M TPUKIAJHBIE TPOOJIEMBI B TOPHOM JIEJIE,
Mexnaypedyerck, 2016r.; MexayHapoaHON  HAay4YHO-TIPAKTUYECKOW  KOoH(pepeHuuu
«lIepcriekTMBBI MHHOBAIMOHHOTO Pa3BUTHS YTOJIBHBIX perMOHOB Poccum», IIpokonbeBcek,
2016r.; VII MexnyHapoIHOH Hay4HO-IPAKTUUYECKON KoH(pepeHuun «/IHHOBaMOHHBIE
HaIPaBJICHUS B IPOCKTUPOBAHUM FOPHOIOOBIBAIOIINX TIpeAnpustuit»y, Cankr-IlerepOypr,
2016r.; MexnynaponHoM cumnosnyMe «IHHOBalMOHHBIE TEXHOJIOTHHA B TOPHOM JIEJIE U
obpazoBanuu (mamsitu npodeccopa B.I'. IIponossr). International Innovative Mining
Symposium (in memory of Prof. Vladimir Pronoza)», Kemeposo, 2017r.; VIII
MexyHapoJHOW Hay4YHO-TIPAKTUYECKOU KoH(pepeHun «/IHHOBAIIMOHHBIC HAMPABJICHUS
B IIPOEKTUPOBAHUH TOPHOA00BIBAOIIUX Npeanpusituity, Cankr-Ilerepoypr, 2017T.

Ilybonuxayuu. Ilo Teme nuccepranuu onmyOiauMKoBaHO 13 meyaTHBIX padOT, B TOM
yucie 7 — B U3JaHusX, pekoMeH10BaHHbIX BAK PO.

Oovem padomowl. Jlucceptaldsi COCTOMT M3 BBEACHUS, 5 TJIaB, 3aKJIIOUYCHUS,
U3JIokKEHa Ha 145 cTpaHuIax MalIIMHONUCHOIO TEKCTa U COAEpkKUT 47 pUCYHKOB, 16
TaOJINII, & TAKXKE CITUCOK JIUTEepaTypsl U3 115 HauMeHOBaHUIA.

ABTOp BBIpakaeT OJarofJapHOCTh U TIYyOOKYI0 MpU3HATENBHOCTh K.T.H. lletpy
MuxainoBuuy Jlapuuknny u K.T.H. Anekcero MBanoBuuy bbIkalopoBY 3a HEOLIEHUMYIO
TIOMOIIIb ¥ BHUMaHHUE K paboTe.

OCHOBHOE COJAEP)KAHUE PABOTHBI

B mepBoii riaBe auccepTaliMOHHON pabOThl MPUBEIEH aHAIU3 UCCIETOBAHUM U
METOJIOB pacueTa CABUXKEHUU U JedopMainuii moapabaThiBaeMO 3eMHON MOBEPXHOCTH,
UCTOpUA  KOTOPBIX  HAuMHAETCS ¢  OypHOro  pa3BUTHS  TOPHOJOOBIBAIOIIECH
IIPOMBILIUIEHHOCTU W HMHTEHCUBHOI'O POCTa TOPHOIIPOMBILUIEHHBIX PAanlOHOB B IEPBOM
nosoBuHe 19 Beka. Ilepen TOpHBIMH MNpEANPUATHSIMU BO3HUKIA MpoOiieMa OIECHKU
BO3MOXHOTO yIiep0a OT TOPHBIX padOT 3JaHUSIM, COOPYKEHHSM, IyTSIM COOOIICHUS,
CEJIbCKOXO3SICTBEHHBIM ~ YTOJIbSIM, YTO BBI3BAJIO HEOOXOJMMOCTH OpPraHU30BHIBATH
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peryssipHbie HaOJOJIEHUs 332 Pa3BUTUEM MPOIECCOB CIABMKEHUS 3€MHOW MOBEPXHOCTH U
pa3padaThIBaTh METOJIbI pACUETA OKUAAEMBIX BETUYMH 3TUX CABUKCHUM.

AHanmu3 1 0000IIeHNEe MaTepHaIoB IIPOBOJIMMBIX HAOJIIOICHHUI MO3BOJIMIN CO31aTh
MOHSATUIHBIA amnmapar, BBIIBHHYTh pAJl TUIMOTE3 ae(OopMUpOBaHHS MacCuBa TOPHBIX
NOpOJl U TMPEIJIOXKUTh OOJIBIIIOE KOJIMYECTBO METOAUK pacue€ToB — OT IMEPBBIX
SMIUPUYECKUX (OPMYJT OCEIaHWl A0 METOJa THUIOBBIX KPHUBBIX U TEOPETUUYECKUX
METOJIOB MEXAHHUKH CIUIOLIHOUN CPEABI C CO3JAHUEM MATEMATUYECKUX MOJICIICH.

OCHOBONONO)KHUKAMHA ~ OTE€YECTBEHHOW  IIKOJBI  MCCICAOBAHUM  MpoIlecca
CABMKEHUS, 00ECIEUMBIIMMHU €l BeIyIlee MECTO B MHPOBOM NpakTUKe, ABWIHCH [1.M.
JleontoBckui, .M. baxypun, C.I'. ABepmnH. bonbimon Bkiag B HAYKy O CIBHKEHUU
TOPHBIX MOPOJ U AepopMalinii 3eMHOM MOBEpXHOCTU BHeCHH yuenbie: A.I'. Akumos, C.A.
baryrun, E.B. bomenstos, B.. bopui-Komnonuen, B.M. I'ynkos, H.M. Epmos, B.H.
3emuceB, M.A. Hoduc, JI.A. Kazakorckuii, C.Il. KonbenkoB, M.A. Ky3uenos, P.A.
Mynnep, B.H. ITonos, A.I'. lllanpun, A.C. SIryHOB 1 MHOTHE JpYyTHE.

HecMoTpst Ha AIUTENBHYI0 HCTOPUIO PA3BUTHUSI OTEYECTBEHHBIX M 3apyOeKHBIX
HAay4YHBIX HCCIIEJOBAaHMM B CIBM)KEHHHM TOPHBIX IOPOJ, IOKa HET €IWHOW Hay4dHO
000CHOBaHHOW TEOpPUHU, PACKPHIBAIONIEH BHYTPEHHIOI CYIIHOCTh MPOUCXOISIINX
SIBJICHMA W BBITEKAIOIINX W3 HEE METOJOB pacdera nedopmariuii BMEMIAIONUX MOPOJ U
36MHOW MOBEPXHOCTH. Jlake IPU COBPEMEHHOM COCTOSIHMM HAIUX 3HAHUK O MPOLECCE
CABIKEHUS MOJIpadaThIBAEMbIX TOPHBIX MOPOJ M MOIIHON BBIYHCIUTEIBHOM TEXHUKE
TPYAHO MPEJICTaBUTh XOJ Pa3BUTHS ATOTO MPOIECCa BO BCEM €ro 00beMe - OT OUYHUCTHOMU
BBIPAOOTKK J10 3€MHOM MOBEPXHOCTH. [l03TOMY NpPHUIUIOCH OTKAa3aThCS OT MOMBITOK
co3/laHusl OO0IIel MEeXaHUKO-MAaTeMaTHYECKOM MOJENM W TOUTH MO MyTH pa3paboTKu
a0CTpaKTHBIX WJIM aHAJTUTUYECKUX METOJOB pacueTa Ha SMIUPUUECKOW OCHOBE, KOTOPHIE
MO>KHO OBLJIO ObI MPUMEHSTH JJIs1 TPOTHO3a AeOopMalIMii 3¢eMHOI TOBEPXHOCTH.

BrInonHEeHHBI aHAW3 paHEe NPOBEAECHHBIX MCCIEAOBAaHUNA W MPEII0KEHHBIX
METOJIOB NOKA3aJl, YTO TEKYLIEE COCTOSIHUE HAYKU O CABMXKEHUM 3€MHOM IOBEPXHOCTHU B
00JIaCTH BIMSHUS OUUCTHON BBHIEMKH XapaKTEPUIYETCS CIEIYIONUMU MOJIOKECHUSIMU:

- 0a30BBIM  METOJOM TMPOTHO3UPOBAHUSA  CABIKEHUH W jedopMaiuii
nojipabaThiBa€MON 3€MHOW TMOBEPXHOCTH B HAIlIEW CTpaHE SIBISETCS METOJ THIOBBIX
KPHUBBIX, TI0 KOTOPBIM CTPOSITCSI KPUBBIE CABKEHUN U ehopmaruii. ITOT METOI OCHOBaH
Ha 000O0IIEHUSX WHCTPYMEHTAIBHBIX HAOIIOJCHUH, MOTYyYeHHBIX B 60-X Togax MpoIuioro
CTOJICTHS TIPU CKOPOCTSX TOJIBUTAHUS 32005 10 SM/CYTKH, U HE YUUTHIBACT JTUHAMUYICCKUC
SIBJICHUS MPOIecca CIBUKEHUS MO IpadaThiBa€MON 36MHON TOBEPXHOCTH;

- perieHue 3ajay Mo 3aluTe OObEKTOB M COOPYKEHHM, OCHOBAHHBIX TOJHKO Ha
BEJIMYMHAX MapaMeTpOB Ipoliecca CABUKEHUSI MOCE €ro OKOHYaHus 0e3 yueTa pa3BUTHUs
nedOpMAaIIMOHHBIX TPOIIECCOB BO BPEMEHHU, MPUBOIUT K MPOTUBOPEUUAM MEKIY
pealbHbIM M PAcCUYETHBIM COCTOSIHUEM CHABWXXEHHH U nedopmanuil moapaboTaHHOM
MOBEPXHOCTH — MPOMEKYTOUHBIC 3HAUCHUSI CIBIXKEHUM U lepopManuii MOTYT IIPEBBIIIAT
UX OKOHYATEJbHBIC BEIWYMHBL. J[MHAMKKa MOpolecca CABMKEHUM TOYEK ITOBEPXHOCTH,
pPacoJIOKEHHBIX B 30HE BIMSHUS OYMCTHOM BBIEMKH, JJs pa3pabOTKH HAy4YHO
000CHOBaHHBIX METOAMK IMPeIpacyeTa Ha CETOMHSIITHUNA IEHb U3y4YeHa HEA0CTaTOYHO;

- OCHOBHBIE IIapaMeTphl IMpoOLecca CIABMXKEHUM 3€MHOM MOBEPXHOCTH HAJ
JUITMHHBIMA OYMCTHBIMHU 3a00SMH CO CKOPOCTSIMH WX MoABuUTaHus 10 150M/mec. mpwu



pa3pabOTKe YTrOJIbHBIX MECTOPOXKIECHUN JTIOCTATOYHO XOPOILIO HM3Y4Y€Hbl B CTATHKE, KOTAa
IPOLIECC CABIXKEHHUM B OCHOBHOM 3aBEPIIMIICSA, a TIo/ipaboTaHHas TOJIIA MPUIILIAa B HOBOE
pPaBHOBECHOE COCTOsIHME. JlJIsi pemieHus 3a1a4v NPOTHO3a CIABWKEHHM B JTUHAMUYECKOU
MIOCTAHOBKE HEOOXOJMMBI HCCIEAOBAHMS, TIO3BOJISIIOIIME YCTAHOBUTH B3aWMOCBSI3b
napaMeTpoB CABMKEHUS OT MOJIBUTAHUSI OUUCTHOTO 32004,

- COBPEMECHHBIE YCJIOBHS MNPEANONATAIOT YBEJIWYEHUE CKOPOCTH ITOJABUTAHUSA
OUMCTHBIX 3a00eB 10 20m/cyTku m Ooinee. HecMoTpsi Ha TPOIOIDKUTEIBHYIO HCTOPHUIO
U3YyUYCHUSI TEOMEXAHMYECKUX IPOLECCOB OTMEUAETCA HEOJHO3HAYHOE TOJKOBAHUE
OTHOCUTEJILHO BIIUSIHUSL CKOPOCTH TMOJBUTAaHUSI OYUCTHOTO 3a00s Ha MPOGUIb MYJIbIbI
CABIKEHHUS TIpU ee popmupoBaHuu. KolnuecTBEHHBIX XapaKTEPUCTUK ITOTO BIUSIHUS TS
BBIITOJIHEHUSI COOTBETCTBYIOLIMX OLICHOK PaHEE HE yCTAaHABIMBAJIOCH;

- HCCNEJOBaHUS TOCIETHUX JIeT B 00JacTH JAMHAMUYECKUX IPOIIECCOB,
CONMPOBOXKJAIOIIMX  AaKTHUBHYK  CTagUI0  CIABIKEHUW  MOJpadaThiBaeMON  3eMHOMU
noBepxHocTd B ycioBusix [lonbacca m Kyzbacca, 0XBaTbIBalOT JHUIIb HEKOTOPHIC
3aKOHOMEPHOCTH (QopMupoBaHUS NPOGUIS JUHAMHYECKOM MYJbJIbI CIBIKCHHHA B
3aBUCUMOCTH OT TIOJIBUT@HUS OYUCTHOTO 32005 JaBbl. 3aKOHOMEPHOCTH CIBHXKEHUMN
OTAEJIBHBIX TOYEK 3€MHOM MOBEPXHOCTH, YCTAHOBJICHHUE KOTOPBIX MPUBEIET K CO3JaHUIO
IPOCTPAHCTBEHHBIX  MOJEJNEHl  mpoliecca CABWXKEHHS, B H3TOM  mOpoduie He
paccMaTpUBaIOTCS.

- CO3JaHWE€ METOJMKH IPOTHO3a JUHAMUYECKUX CABWKECHUUW  PACIIUPUT
WHCTPYMEHTAPUN CIIECIIMATUCTOB-TEOMEXAHUKOB M TOBBICUT KAa4€CTBO I'€OMEXAHUYECKUX
000CHOBaHUN TIPU PEIICHUH HAyYHO-MPAKTUYECKUX 3aJad oOecreueHusi 0e30macHOCTH
00OBEKTOB TOBEPXHOCTH TPH TMOJ3EMHON pa3pabOTKe YTOJIbHBIX MECTOPOXKIACHUMN
Ky3sbacca, B ToM umciie mpu BBIEMKE C BBICOKUMHU CKOPOCTSMH MOJIBUTaHUsI 3a00€B.

Bo BTOpO# ri1aBe H3J0KEHBI CBEIAECHUS MO BBINOJHEHHBIM HHCTPYMEHTAJIbHBIM
HAOJIIOICHUSIM 32 CIBMIKEHHWEM 3€MHOM MOBEPXHOCTU B MPOIECCE JIBMXKCHHS OYMCTHBIX
3a00€B, B TOM YHCJIE U C MOBBIIIICHHBIMH CKOPOCTSIMHU TOJIBUTAHUS, OT Pa3pe3HOM Meyu 10
JTEeMOHTaKHOU Kamephl Ha mraxtax Kyso0acca.

3aknanka ceTH HaOMIOJATEeNbHBIX CTAaHIMH W TMPOBEJACHUE HA HUX YaCTOTHBIX
HaOII0/ICHN, B KOTOPBIX aBTOP MPUHUMAN HEMOCPEICTBEHHOE YYaCTHE, OCYIIECTBIISUIUCH
Cubupckum @unmuanom «BHUMM» B paMkax HAKOIUIGHHS SKCIEPUMEHTAIBHOTO
Marepuaia MO CIABWKEHUIO TOApadaThIBAEMON MMOBEPXHOCTU. YCIOBHUS 3aKJIAJIKU
HaOII0IaTeIbHBIX CTAHIIUM MPUBEACHBI B Ta0uIE 1.
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Tabmnua 1 — Ycenosud 3axkiagky HaOII0IaTENbHBIX CTaHIIAN

< E é o E =
= g = |28 & g =y
€= F | 7 |8zg § |° s 2
A=) s £ |E8E 232 & = 3
Q ~ Q
Crannus, n1aBa = s = |[2ER 5| Ex g'S
Ne [TaxTa ’ ’ N = Z [&8° =26 8 a o
I1acT s o, = d o =2 8 < = o
as| g = |2gg 2B | 2 g 3
o 3 =3 S B £ = 8, I
B | | F 8 E = S g
g g SIS 2 T i
2l = S ©
1 | Ipamorennckas Aapa 631, . 227 | 210 | 1785 | 0,75 | 3.5 5 4,5-7,6
ChIYeBCKHI
2 | KoruHckas maBa 5204, . 52 230 230 2410 0,78 4.5 8,5 7,5-12,0
3 | KornHckas maBa 5205, . 52 166 236 2400 0,93 4,6 9 6,8 —15,2
4 | um. Kuposa napa 2446, 1. |5 | o33 s 000 | 075 | 2,42 7 5,7
BonpapipeBckuii
5 | um. Kuposa naBa 2452, I | 314 | 950 | 2600 | 0,69 | 2,35 6 6,9 15,0
BongbipeBckuil
6 | [Tuonepka mr.10 190 190 1320 | 0,74 1,4 18 2,6
7 | Pacnanckas 1.6-6a 205 120 1150 0,55 4.4 17 3,1
8 | Mombicaesekas 78, m1. o0 | 120 | 1550 | 073 | 2.7 10 3
HanbaikanMckuit
9 | bepezoBckas 127, mn. XXI 125 200 1330 1,00 1,8 13 2
10 | 3anaguas mi. 4 150 155 1100 | 0,75 1,4 9 1,2
11 | Kaparaitnunckas nasa 3112, m}' 172 120 1040 0,60 3,2 20 2
CepreeBckuit
143, m.
12 | m. SpocnaBckoro . 105 80 1460 | 0,63 1,5 18 43
Hamxypunckuii-2
142, .
13 | Komcomouer . 240 260 1340 | 0,78 1,8 16 1,3
ToamadeBCKu
141, .
14 | Komcomourery . 150 180 1375 0,83 1,75 16 1
bpeesckuii
5 | depruncias- 95, .2 60 | 100 | 735 | 1,00 | 1,35 | 16 6,5
HOxnas
16 | Yeptunckas-1 147, mn.3 235 180 880 0,63 1.4 6 2,5
17 | Yeptunckas-1 163, mn.3 120 160 1100 0,89 1,6 5 4

Kaxmas 3 HaOmOMAaTeNbHBIX CTAaHIMKA COCTOSUIA M3 ABYX HPOQPUIBHBIX JTHHUN
TPYHTOBBIX PENEpPOB, 3aJO0KEHHBIX [0 TMOSBICHUS BIUSHUS OYUCTHBIX BHIPAOOTOK B
HAIPABJICHUSAX TPOCTUPAHUS W BKPECT MPOCTHpaHus jaB. YacToTHple HAOIIOIEHUS,
MO3BOJIAIONIME TPOCICIUTh U OUEHUTh (POPMHUPOBAHUE JAUHAMHYECKON MYJIbIbI
CABIDKECHHS TI0O MEpe MOABUTAHUS 320051 JIaBbl, TPOU3BOUIUCH C IEPUOAUYHOCTHIO YepPe3
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1-3 nHs. Pe3ynbTaThl MOJIEBBIX HAOIIOACHUN 3alUCHIBAINCH B CIEIUAbHBIC KYpPHAIbI U
1OCJIC OKOHYAHUS KaXJIOro CAMHUYHOTO HAONIOACHUS aHAJIUTHYSCKHM W rpadHuuecKu
00pabaThIBaJINCh, B TOM YHCJE C HCIOJb30BAHUEM IITUPOKOTO CIIEKTpa HHCTPYMEHTOB
MaTeMaTudeckux nporpamm Mathcad u Excel.

Pemenue mocTaBJIEHHBIX 3aJad 110  BBIABJICHHUIO JUHAMHMKHA  JIBHKCHMS
MIPOU3BOJILHOM TOYKU M YCTAHOBJICHHIO AHATUTUYECKHUX 3aBUCUMOCTEN OCYIIECTBIISIIIOCH
METOJIaMH KOPPEJAIUU U perpeccun. [[s BeIsiBIeHUs POPMBI CBS3U MEXKIYy MapaMeTpaMu
CTPOWJIUCH KOPPEJSIIIUOHHBIE TOJs, MO BHAY KOTOPHIX MOAOHUPANOCh AHAIUTHYECKOE
BBIPAKEHHUE.

OueHka TECHOTHI CBSI3U MEXIY MCCIEAYEMBIMHM IMapaMeTpaMu BBINOIHAIACH MPU
JUHEWHOUW 3aBUCHUMOCTH - 10 KOA(D(PUIMEHTY KOppeNlsaluu, NpU HEIMHEHHOW - MO
KOPPEJSIITUOHHOMY  OTHOIICHHIO. [l OIEHKHM 3HAYMMOCTH JTHUX KO3(P(PUIIMEHTOB
UCIOJIb30BaICS t-kpuTepuid CThIOJICHTA.

JIOCTOBEpPHOCTh aNmMpOKCUMAIIMK OIeHUBaIach KOA(DQPUIIMEHTaAMU JIeTepMHUHAINU,
KOTOPBIE XapaKTEPU3YIOT HACKOJBKO TOYHO HAWJICHHBIC AHAJUTUYECKHUE 3aBUCUMOCTH
OIUCBHIBAIOT PEAJBHBIM MPOLECC JAUHAMUYECKUX CIABUKCHUW TOYEK IIOBEPXHOCTH B
MYJIBJIE. OueHka 3HAUYUMOCTH  AHAJIMUTUYECKONM  MOAEIM  IPOM3BOAMIACH C
ucrnoib3oBaHueM F-kputepus @uinepa CpaBHEHHEM €ro TaONIUYHBIX U (PAKTUUECKHUX
3HAUYCHU.

[IpousBeneHHas OreHKa CYIECTBEHHOCTH JTMHEHHBIX KOA(DPHUITMEHTOB KOPPEIAINH,
KOPPEJISITUOHHBIX OTHOIICHUH U KOA()(PUIMEHTOB JACTEPMUHALIMM JaeT OCHOBaHUE
VCIIOJIb30BATh PE3YJIbTAThl NPOBEACHHBIX HCCIEA0BAHUM I IPOTHO3a OXKUIAEMBIX
TUHAMUYECKUX  CABWKEHMM  TOYeK  mojpabaThiBaeMOM  3€MHOM  MOBEPXHOCTHU
BBICOKOCKOPOCTHBIMU MEXaHU3UPOBAHHBIMU OYKMCTHBIMU KOMIUIEKCAMH TIPH pa3paboTKe
MOJIOTUX M HAKJIOHHBIX 1u1acToB Kyzbacca.

B Tperneil riiaBe mpeacTaBiICHbl 3aKOHOMEPHOCTH PAa3BUTHUSL TOPU3OHTAJIBHBIX W
BEPTUKAIBHBIX CIIBI)KCHUN OTACIIBHBIX TOUEK MOpadaThIBa€MO 36MHOM MOBEPXHOCTH HA
npO(UIBHBIX JTUHUAX B HANIPABICHUH MOJIBUTAHUS 32004 (IO MPOCTUPAHMIO JIAB).

Y CTaHOBIICHO, YTO CIBUKECHUS 36MHOM NOBEPXHOCTH MPOSBISIOTCS HE Cpa3y MOCIIE
Hayajla OTPaOOTKH JIaBbl, @ BO3HUKAIOT MOCJIE OTXO0Jla OYHUCTHOIO 330051 OT MOHTaKHOMU
KaMepsl B cpeaHeM Ha paccrosuue D,, = 0,3H .., rae Doy — paccTossHUE OT MOHTaKHOU

KaMepsl 110 JTMHUM OYHUCTHOTO 3a00s, M; H., — cpeHss TiIyOnHa pa3pabOTKU yroJIbHOTO
IUIaCTa, M.

Jlanee 1o Mepe NOABUIaHUS OYUCTHOrO 3a00s pa3Mepbl MyJbIbl B ILIaHE
YBEJIIMYUBAIOTCS, OCENaHUs TOYEK 3€MHOM MOBEPXHOCTH BO3PACTAIOT U JJOCTUIAIOT CBOETO
MAaKCUMyMa MpU OTXOAE OYUCTHOro 3a00d OT MOHTa)KHOM KaMepbl Ha pacCTOSHHUE
D, =1,6H,. llpn naneneimem asuwxeHuu 3a06os D, >1,6H ., moayMyibaa co CTOPOHBI

MOHT@)KHOM KaMepbl IPAKTUYECKH HE U3MEHSETCA, a MOIyMyJbJa €O CTOPOHBI

JIEMOHTaKHOU KaMephl IBUKETCSI BMECTE C OUUCTHBIM 3a00€M, 00pasysl «ILIOCKOE JHOX.
Oco0eHHOCTH CMENIEHUH TOYeK B C()OPMHPOBAHHON JTUHAMUYECKON MHKPOMYJIbJIE

(mpu D, =1,6H_.,) B HampaBICHUU NOABUTaHMsA 32005 MO3BOJSIOT BBIIECIUTH YETHIPE

000CO0JICHHBIE 30HBI C PAa3HBIM XapaKTEPOM CABUKEHHI PACTOJIOKEHHBIX B HUX TOUEK
(puc. 1). [ns Todyek MOBEPXHOCTH, PACIOJOKEHHbIX B 30HaX A u D, cBoOICTBEeHEH
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MOHOTOHHBIM XapakTep HW3MEHEHUS OCENAHUN M TOPU3OHTAIBHBIX CABWKEHUU IIpU
JBWKEHUU OYUCTHOTO 3a00s; a 30HBI caBmwkeHudd B u C mpu MOHOTOHHOM OCEIaHUU
XapakTepU3yrTcsd 2-X OSTalHbIM BO3BPATHO-NOCTYIMATEIbHBIM JBHKEHHUEM TOYEK B
TOpU30HTAIBHOM HampaBieHun. Otnuuue Mmexnay 3oHamMu B u C cocTOUT B TOM, 4YTO
KOHEYHBIE TOPU3OHTAIBHBIE CIBWKCHUS TOYEK YKA3aHHBIX 30H, COOTBETCTBYIOIIUE
NOJ0XKeHUo 32004 D, =1,6H .,, IMEIOT pa3HOE HaIIPABJIICHHUE.

Pa3mepbl BBIIEIEHHBIX 30H ONPEEISAIOTCS SMIMPUIECKUMHU YIIIAMU: Oy, Op, Oc, Op U
IPAaHUYHBIMU YTJIAMU: Oy, O'p, @9 U C YUETOM DPE3yJIbTATOB UCCIEIOBAHUS M MPUHSITHIX
OONYIEHUH  cocTaBisatoT: L, =0,67-Hp; L, ~=0,77-Hp; L.~=045-Hp;
L,=035-Hp.

Monymynkaa "nosagw 3abos" Monymynspa "Bnepeam 3abon"
3oHa A 1 3oHa B l 3oHa C 3oHa D
fasmemmmn
FooN. o
! — e R - — =l — - o ke | ([ | ISR 5
g
= o
Oo
A
e}
8o \u ;
B L Y / 1
| 1
1,6Hcp

Pucynok 1 — 3ousl casuxenus A, B, C u D B copmupoBaHHON MUKPOMYJIBAE MTPH
NIOJIOKEHUN OYUCTHOTO 3a00s D, , =1,6H .,

[Ipyn pansHeimem noasuranuu 3abos D, >1,6H ., n 00pa3oBaHUU «ILIOCKOIO

IHa» 30Ha B yBennuuBaercs B pa3mepax, a 30Hbl C 1 D 1BUKyTCS BMECTE C OABUTAHUEM
OYMCTHOTO 32005 BIUIOTH /10 00pa30BaHUs MOJHON MYJIbbI CIIBUKEHUH.

[lo pe3ynbTaTaM BBIMOJHEHHBIX MCCICAOBAHUNA YCTAHOBJIEHO, 4YTO KOHEUHBIC
MAaKCUMAJIbHBIE OCEIIAHUS #max MO0 TPOPUIBHBIM JUHUSIM Ha HAOMIOAATENBHBIX CTaHIUAX
ornuyarorca He Oosiee yeM Ha 20% OT MaKCHUMalbHBIX OCEIAaHUW, PACCUMTAHHBIX IO
Meronuke «IIpaBun oxpaHsl...».

JUist BBISIBIIEHUST JAMHAMHUKUA OCENAaHWU MpU TOJABUTAaHUU 3a00s1 JUIsl KaKIOW W3
XapaKTEPHBIX 30H IO MPOCTUPAHUIO JaBbl JaHHbIE MHCTPYMEHTAIbHBIX HAOIIOJEHUN C
pa3HbIX HAOIIOJATENBHBIX CTAHIIUN MPUBOIUINCH B HOpManu3oBaHHbINH uHTepBai [0;1] u
paccMaTpUBAIUCh KaK €IMHAsI CTATUCTUYECKAsi COBOKYIHOCTH (puc. 2).
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3a HayaJI0 HOPMAJIN30BAaHHOI'O MHTEPBaja IPUHUMAJICSA OTXOJ OYUCTHOTO 32005 Ha
paccrosaue D,, =0,3H ., OT MONOXKEHNUS MOHTAKHOW Kamepsl (IIOSBICHUE OCECJAHUN B

IJIABHOM CEYEHHWU II0 MPOCTHPAHUIO JIaBbl), 3a KOHEI — OTXOA Ha pacCTOsSHUE
D,, =1,6H ., (nocTmxeHWe MaKCHUMAJbHBIX 3Ha4eHWH ocenanuii). HopmaimsoBaHHOE

JTUHAMHYECKOE OCEJIaHhe IPH COOTBETCTBYIOIIEM IOJIOKEHUH 3a00s ([f) ompenensioch
OTHOIIIEHUEM TEKYIIIEro OCeAaHus TOUKH K €€ MaKCUMaJIbHOMY OCEIaHUIO.

Sy, (1) @ ) 5

DR WA o Wt
0 0.2 04 0.6 0.8 1 -1 0 0.2 04 0.6 0.8 1
OTHOCHUTENBHOE MOJIOKEHUE OTHOCHUTENBHOE MOJIOKEHUE
o4ucTHOTO 32005 ( [f) ouncTHOrO 32005 ( If)
0 Sy, ¢l 6) 0 Sy, D(ltz 2)
h“i}‘&f‘ " 2 .f Se o
-0.2 = ~0.2 R

—04 ‘3%_ —04
o)
~0.6 .Q{_ ~0.6 A
~08

-0.8

0 02 04 06 0.8 1 0 02 04 06 0.8 1
OTHOCHTEIBHOE MOJIOKEHHE OTHOCHTEJIBHOE MOJIOKEHHUE
o4HCTHOTO 32005 ( [f) ouncTHOTO 320051 ( If)

Pucynok 2 - @yHKIIH pacnpeesieHns: OCeIaHui OTAENbHBIX TOUEK MoApadbaThIBacMOi
36MHOM OBEPXHOCTH B IIPOJIOJILHOM CEYEHHH JIaBbl B XapAKTEPHBIX 30HAX CABWKECHUU A,
B, C, D B 3aBUCHMOCTH OT ITOJIOKECHHUS OYMCTHOT'O 320051 OTHOCHTEJIFHO MOHTAKHOMU
KaMepBhl.

OyHKIMKM ~ paclpeiesicHusl  OCeHaHWi, MPEICTaBJICHHBIE Ha  PHUCYHKE 2,
anIpOKCUMHUPOBAHbI BBIPAKEHUSIMHU:
S ,=1-¢e"

n,A4
S, =0362-arcctg(—13,3-1t+3,5)- 0,1 (1)
S, =037 arcctg(—10-1t +4,1)- 0,09



13

S, = 0,035 0,03

rje [/t — IoJI0)KEeHHEe OYMCTHOTO 32005 B HOPMAIM30BAaHHBIX €IUHULAX.

®opmynel (1) wMoryT OBITh  HUCHOJB30BaHBI  JIJIi  ONPENCNICHUS  BEIUYUH
JUHAMUYECKUX OCEJIaHMM TOYEK B TIJIABHOM CEYEHHH IO TMPOCTUPAHUIO JIaBbl B
3aBUCUMOCTH OT MOJIOKEHUS 320051.

PacnipenencHue MakCHUManbHBIX OCENAHHUU S e HA UHTEpBaNe D,, =1,6H ., (1O

€CTb, B C(HOPMHUPOBABILEHCS TUHAMHUYECKOW MHUKPOMYJIbJE) YCTAHOBJICHO IO JAHHBIM
MHCTPYMEHTAJIBHBIX HAOMIOAEHUH 7151 00X BETBEW MUKPOMYJIBIBL: «103adu 3a60» I3
U «8nepeou 3a60s» Igs.

Bun HaliieHHBIX (QYHKOMH MaKCUMaJbHBIX OCENAaHUW TOYEK MOBEPXHOCTH B
c(hopMHUpOBaBILIEHCS MUKPOMYJIbJE MPUBEJICH HA PUCYHKE 3.

Sni,max ()

1 -Vy3=5M/cyT

-0.2 1
2 - Vo3 =10 m/cyT

- 04 3 - Vs = 15 mlcyT 2

-0.6

-0.8

-1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

ZHS ZBB

PucyHok 3 - @yHKIIMHN pacnpeaesieHUs] MAKCUMAJIbHBIX OCEAaHUN TOUEK TOBEPXHOCTH B
[JIaBHOM CEYEHUH IO MPOCTUPAHMIO JIABBI B CPOPMUPOBABIIEICS MUKPOMYJIIbJIE TIPH
Pa3HbBIX CKOPOCTSIX MOJBUTAHUSI OUUCTHOTO 320051.

HccnenoBaHusiMM  yCTaHOBIEHO, YTO (YHKUMS pacHpeleneHus S,;max(/n3) B
HNOJIYMYJIBJIE «n03a0u 3a605» TPAKTUUECKH HE H3MEHSETCS C YBEJIMYEHHEM CKOPOCTHU
MOJABUTAHUS OYHUCTHOTO 320051 M BhIpaKeHA IMITUPUUECKON 3aBUCUMOCTBIO:

S, ma (U3 ) = 0,382 - arcctg (- 8,045 -1,,, +4,25) - 0,089 (2)

OyHKIUA S jimax(/B3) M3MEHAETCS IPH BO3PACTaHUMM CKOPOCTH IOJBUTaHHsA
OUMCTHOTO 320051 yaBbl. [IIsi TOYEK, paCHOJIOKEHHBIX B TOJYMYJbJIE CO CTOPOHBI
I[GMOHT&)I(HOﬁ KaMCPBhI, YBCINYCHUC CKOpPOCTH IIOABUT'aHUA 3360}1 YMCHBIIACT
JTUHAMUYECKUE OCENaHusi ATUX To4YeK (puc. 3). VYCTaHOBIEHBl AMIUPUYECKUE
3aBUCUMOCTHU:

S e (g3 )= 0,392 - arcctg (7,487 - 1,, ~11,35)- 0,118 mpu V,; = 5m/cyTkn

S (g3 )= 0,395 - arccig (7,17 -1, —10,468)— 0,111 mpu V,,, =10m/cytku  (3)
S e (I3 ) = 0,42 - arcctg (5,566 - 1, — 7,370)— 0,107 mpu V,,; = 15m/cyTku
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N3 ananu3za pucyHka 3 U pacyeToB, BBIIIOJHEHHBIX 1O (popmynam (3), ciaeayer, uTo
IIPH POCTE CKOPOCTHU MOABUTAHMS OT 5 10 15M/CyTKM MakCHUMallbHOE CHUKEHUE BETUIHHBI
JUHAMUYECKOTO oOcelanus Touku (mo 2,4 pa3) HaOIOgaeTcss B CpeaHed dacTu
MOJIYMYJIBJIBI «8nepeou 3a0051.

Ni / NMmax a)
0.25 0.4
¥ 02 0.32
E o015 0.24
a7 0.1 0.16
0.05 maxta uM. Kuposa, axta Korumckas,
’ / jnaBa 2452 0.08 nasa 5205
0
0O 0.1 02 03 04 05 0 0O 01 02 03 04 05
Ni / Mmax 0)
0.2 04
v mraxra um. Knposa maxta KoruHckas,
g 0.1 staBa 2452 0.26 naBa 5205
& 0.12
~ 0
) —0.02
- 0.1 ~0.16
-0.2 -0.3
0 02 04 06 0.8 1 0 02 04 06 0.8 1
Ni / Nmax 6)
0 0
maxTa uM. Kuposa, maxta KoTuHCckas,
Eé —0.05 nasa 2452 —0.06 naBa 5205
= —0.12
= -0.1
A\F —0.18
-0.15 —0.24
—-0.2 —-0.3
0 02 04 06 08 1 0 02 04 06 08 1
Ni / Mmax 2)
0 0
maxta KoTuHckas,
c>é —0.05 mraxta uM. Kuposa, -0.04 T —
E naBa 2452 —0.08
=
S ~0.12
AW
—~0.15 = -0.16
oo ~0.20
0 02 04 06 08 1 0 02 04 06 08 1

Pucynok 4 - [IpumMepsl XxapakTepa B3auMOCBSI3U TOPU30HTAJIbHBIX CABUKEHAN U
oceIaHui OTAENBHBIX TOYEK 36MHOM MOBEPXHOCTH Ha HAOMIOJaTEIbHBIX CTAHITUAX [IaXT
uM. KupoBa n KoTuHCKas B XapakTepHbIX 30HaX TUHAMHYECKOW MYJIbbl CIBUKEHUN: @) B
30HE A; 0) B 30He B; 6) B 30He C; 2) B 30He D
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OyHKIIMKM B3aUMOCBSI3M OCEIAHUM W TOPU3OHTAIBHBIX CIABHXXECHHH OTJIEJIBHBIX
TOYEK TIO0 TMPOCTHPAHUIO JIaB MOTYT OBITh YCTAaHOBIEHBI IMyTeM moadopa
anmpPOKCUMUPYIOMUX (QYHKIMI 10 rpaduyecKkoMy MPEACTABICHUIO KOPPEISIUOHHBIX
MOJEH TMap OCEAAaHWW M TOPHU3OHTAIBHBIX CIABHXKEHHUW OTHAEJIBHBIX TOYEK B
HOPMAJIN30BAHHBIX  BEJIMYMHAX W JAJbHEUIIMM  HAXOXIACHUEM  SMIUPUYECKUX
ko3¢ ¢umeHToB 3TUX PpyHKUUH (puc. 4).

B 30He A 3TH 3aBUCHMMOCTH MMEIOT SKCIOHEHLMAIbHBIA BUJ (puUC. 4 @) U MOTYT
OBITH OMKCAHBI BRIPAKCHUEM:

4 (77A): a,-e"" —a, (4)

rae &4 — omnpenenseMas OTHOCUTENbHAS (&i/Mmax) MEPEMEHHAs TOPU30HTAIbHBIX

CABMKEHUH B 30HE Aj 4,4 — HE3aBUCHUMAsi OTHOCUTENbHAS (1i/Mmax) IEPEMEHHAST OCEIaHUI
B 30HE Aj; ay, a; — SMIIUPUYECKUE KOADPUIIUESHTHI.

3oHa B xapakrtepusyercss Te€M, YTO MpPH pa3BUTHHM MpOLECcCa OCEHAaHWUW I10
3aKOHOMEpPHOCTH, TIPUBEJICHHOM Ha pUCYHKE 2 6, TOYKM TIOBEPXHOCTH CHayaia
CABUTAIOTCS B CTOPOHY MOHTa)KHOM KaMepbl 10 HEKOTOPOM MAKCUMAJIbHOW BEJIMYMHBI, a
3aTeM HA4YMHAIOT CABUTATHCS B CTOPOHY JEMOHTAXKHON Kamepsl (puc. 4 6). AHAIUTUYECKH
3TOT TPOLECC CABWKEHUM MOXHO NPEACTABUTH 3aBUCUMOCTBIO TOPU30HTAJIBHBIX
CIABIKEHHI TOUEK OT UX OCEIaHUI JO MaKCUMaIbHOTO 3HAUEHUS SKCIIOHEHTOU BUaa (5), a
MOCJIe MAaKCUMaIbHOT'O TOPU30HTAIBHOTO CIBHXKEHUSI SKCIIOHEHTOM BUa (6):

$p (773 ) =a, e """ —a, (5)

53(773)2 a,-e"" —a, (6)
B3anmocBsa3p ocenaHui M TOPU3OHTANBHBIX cIABWKeHUMM B 30Hax C m D Ttaxke
XO0pol1lo annpokcumupyercs popmynamu Buaa (5) u (6). Omnupuyeckne Ko3QPUIUEHTHI
ao, a1, Ay AJIA KOKJI0M U3 XapaKTEPHbIX 30H B IMCCEPTALMOHHON paboTe OnpeneeHbl.
[IpyHumMass BO BHUMAaHHUE BBIIICH3IOKEHHOE, IWHAMHUYECKHE TOpPU30HTAIbHBIE
C/ABMI)KEHUS MPOU3BOJIBHON TOUKM MOBEPXHOCTH Ha MPO(UIBLHON JIMHUU 110 IPOCTUPAHUIO
JaBbl B 3aBUCHUMOCTH OT IOJIOKEHMH OUMCTHOrO 320051 MOT'YT OBITh OIIPENEIECHBI Yepe3
JUHAMUYECKHE OCENAHMS 3TOM TOUKH.

B d4erBeproM TrJIaBe W3J0KEHBl 3aKOHOMEPHOCTH pa3BUTHUS OCEIaHUM W
TOPU30HTAIBHBIX CABM)KCHHUI OTACIBHBIX TOUYEK MOpabaThiBaeMON 3eMHON MOBEPXHOCTH
Ha TPO(UIBHBIX JIMHUSIX B HANpPABJICHUM TMOIMEPEYHOM K MOJBUTAHMIO 3320051 (BKpecT
IPOCTUPAHUS JIaBBI).

BoisiBJIeHO, 4YTO OpH BEIEHHMM OYMCTHBIX pPabOT TPAECKTOPUU JBUKEHUS TOUEK
MOBEPXHOCTH HAa MPO(HUIBHBIX JTUHHUIX MO HAMPaBJICHUIO TOJABUTAHMS 32001 U BKPECT K
HEMY 3HAUUTEJIBHO OTJIMYAKOTCA APYr OT Jpyra. Bo Bpems Bcell NMPOAOIKUTEIBHOCTU
(GbopMHUpOBaHUS NUHAMHYECKOM MYJIbJbl CIABMKEHUS Ha MNPOQPWIbHOW JIMHUU BKPECT
OpPOCTUpAHUsl JIaBbl HAONIOAAETCSI MOHOTOHHBIM POCT OCEAAHMM M TOPU30HTAIBHBIX
CABWKEHHUI, a 3aBUCUMOCTb MEXKIY HHUMHU SBIAETCS NPAKTUYECKHU JIMHEWHOM.
Kosdduiment cooTHomeHUss TOPU3OHTAIBHBIX M BEPTUKAIBHBIX  CIIBHXKCHUI
JUHAMHUYECKOM MYJIbJIbI BKPECT HNPOCTUPAHUS JaBbl JJIs1 OTIEJIbHONW TOUYKH MOBEPXHOCTHU
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3aBHCHUT OT IOJIOKEHMSI TOUKH HA NMPO(UIBHON JTUHUM, IIPU 3TOM B KPalHHUX 30HaX — OH
COXPAHSET IOCTOSIHHYIO BEJINYHHY.

IToMuMO OTIIMUMI B XapaKTeEPE pa3BUTUS OCEJAHUN U TOPU3OHTAIBHBIX CIABUKECHUN
U COOTHOLIECHMM MEXIY HMUMH B IPOLECCE HCCIECIOBAHMM BBIABICHO, YTO B KPAeBbIX U
CpeAHUX 30HAX JMHAMUYECKOM MYyJbIbl CIABHWKECHHMS BKPECT MNPOCTHUPAHMS JIABbI
HECKOJIBKO Pa3JINYarOTCs MPOLECCHl PAa3BUTHUS OCECNAHWW — IPU JMHEWHOM XapakTepe
pa3BUTHS OCEAaHUl B KpPAaeBOM YacTU MYJbAbl CABMXXKEHHS (pUC. 5) CpeIHUM 30HAM
CBOMCTBEHHa €ro HeJIMHEWHas JauHaMmuka (puc. 6), XOpowo anmpoKCUMHpyeMmas
00OpaTHBIMH TPUTOHOMETPUYECKUMU (DYHKLIMSIMHU.

Hu.r:;.n a) _ 51]_5;13 0)
0 0

-0.2

-0.4

0.8
. I L ] i-
0 0.2 04 06 08 I 0 0.2 04 06 08 l
UTHOCHTETbHOS NOTOKEHIE OTHOCHTEIBHOE NOTOKCHIE
OYHCTHOIO 1aood OYHCTHOIO 1004

Pucynok 5 - K ycranoBnenuto QpyHKIMi pacripeienieHust OCeJaHui TOUeK
nojipabaThIBa€MOM 36MHOM MOBEPXHOCTH B KPAEBBIX 30HAX IJIABHOTO MOMEPEYHOTO
CEUCHMS TMHAMHYECKOU MYJIbbl CABUKEHUMN: @) B MOJYMYJIbJE MO MaJCHUI0; 6) B

IIOJIYMYJIBJIE IIO BOCCTAHMIO.

Sni a) St 6)

0 0.2 0.4 0.6 0.8 1 : 0 0.2 0.4 0.6 0.8 1
OTHOCHUTENBLHOE TTOJIOKEHHNE OTHOCHTEIILHOE MTOI0KEHHUE
OYHCTHOTO 33004 OYHCTHOTO 33004
PucyHok 6 - @yHKIIMYM pacnpe/ieieHus OCeIaHnuii B CpeHEH 30HE TJIABHOTO
TIOTIEPEYHOTO CEUCHUS JMHAMUYECKON MYJIbIbI CIIBIYKEHUH MPU Pa3HBIX CTEIEHSX
0IpabOTaHHOCTH 36MHOW TTOBEPXHOCTHU Ni: @) B MOIYMYJIBJIE 110 NAJACHUIO; 0) B
MOJIyMYJIbJIE TI0 BOCCTAHHIO
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Hammmu ucciienoBaHusiMyA yCTaHOBIIEHO, YTO Pa3TPAHUYEHUE KPAEBBIX U CPEIHEU
30H JUHAMUYECKOM MYJIbBI BKPECT IMPOCTUPAHUS MOXKHO ITPOM3BECTH II0 yIJIaM

CABIXKeHHMi: ¢ =55"B cyXux HaHOCAX M HOPMAIbHOH BIaXKHOCTH (¢ =45°- B IIBIByHAX U
L[=82"~a;
npocTHpanuio mwiacta) u & = 80° (IpH OpHEHTAIMK JaBhl BKPECT NMPOCTHPAHMS IIIACTA),
TO €CTh, KPaeBbI€ 30HbI HAXOJIATCS B IPOMEKYTKE MEXKIY 30HOM 001Iero BIUSHUS U 30HON
OMAacCHOTO BJIMSIHUA TOPHBIX paboT. Ilpu 3ToM y Gonee yeM 90% KpaeBbIX TOUEK 3€MHOMU
NOBEPXHOCTH OCENAaHMsI HE NpeBbIIAOT 15% OT MakCUMaJIbHBIX OKOHYATEJIbHO
chopMHUpOBaBIICHCS MyJIbAbl. TakuMm 00pa3oM, HA TMOMEPEYHON K IMOJBUTAHUIO 32005
npopUILHON JIMHUU MOXKHO BBIICJIUTH 2 CPETHUX U 2 KPAaWHUX XapaKTEPHBIX 30HBI.
[To xapakTepy KOppENISIIMOHHBIX MOJeH (YHKIUU paclpeqeseHus OCelaHuil B
KPA€BbIX U CPEHUX YACTIX alllPOKCUMUPYIOTCS BBIPAKECHUSIMU:
JUISL KPA€BbIX 30H: S, 1 (it)=1r; It ]0s]] (7)

B OOBOJHEHHBIX TaJCYHUKAX); y=80°(Ipn OpHMEHTAIMM NaBHl O

JUISL CPENHUX 30H: S, (it)=a, -arcctg(a, -1t + a,)+ a, (8)

r71e [t — IOJIOKEHHNE OYMCTHOTO 320051 B HOPMATM30BAHHBIX STUHUIIAX;

ay, a1, @y, a3 — DMIHAPUYECKUE KOIPPUIIMEHTHI, OMpeAeaseMble ISl KaXI0ro
kodhunrerTa moapadboTaHHOCTH METOJOM HAUMEHBIIINX KBAAPATOB (CM. Ta01.2).

OTHOCUTENBHO TMOJOKEHUS OYUCTHOIO 320051 B HOPMAJIM30BAaHHBIX €IWHUIIAX [t
cieayer J100aBUTh, UYTO B CEUCHHSX BKPECT MPOCTUPAHUS JIaB  CABUMIKCHUS
PACIIOJIOKEHHBIX B HEM TOUYEK MOBEPXHOCTH B HEKOTOPHIMH MOMEHT f; HAaUMHAIOTCS MPU
MOJIO)KEHUH ouucTHOro 3abos D,, ~03/H . oT npoekuuu nNpoQUIBHOW JIHHUM H

NPAKTHUYCCKH JOCTUIal0T MAKCHUMAJIbHOI'O 3HAYCHHA B MOMCHT #, B paﬁOHe DzX ~ HCP 3a

npoekuuerd NnpopuiIbHON JUHUM. I TIaBHOTO CEYEHMs] BKPECT IPOCTUPAHUS OSTU
MOJOKEHNS COBIAAAIOT C OTXOJAaMM OYHMCTHOIO 3a00d OT MOHTaXXHOM KaMmephl Ha
paccrosuue D,, =03H ., u D,, =1,6H ., 4TO COOTBETCTBYET HOPMAJIU30BAHHOMY

uHTepBany usmMeHenus [0; 1], npunsaromy B riase 3.

Tabmuna 2 — KooddunuenTtsl QyHKIMN pacnpeneneHuil Sy, (/) B momymynbnax
10 MaJIEHUIO U BOCCTAHUIO

N Ao A1n Qo 3 Qos aip [ a3

1 0,367 -10,428 3,449 -0,101 0,358 -13,227 4,523 -0,084
0,9 0,421 -6,01 1,675 -0,227 0,397 -7,41 2,231 -0,171
0,8 0,591 -3,398 0,504 -0,66 0,466 -4,727 1,148 -0,337
0,7 1,38 -2,91 -0,635 -2,956 0,64 -3,158 0,348 -0,792

3HaueHUS MAaKCUMAJIbHBIX OCEJaHHWM IO TONEepeYHOMY NPO(HII0 TOTYyYEHBI C
UCIIOJIb30BAaHUEM TMPE0oOpa3oBaHUs JAHHBIX HWHCTPYMEHTANbHBIX HaOmonenuit. Bun

HaWJIEHHBIX  (QYHKIOMA  MaKCUMalbHBIX  OCEJaHWH  TOYEK  IOBEPXHOCTH B
chopMUPOBABILIEHCS MUKPOMYJIbJIC IPUBE/ICH HA PUCYHKE 7.
[IpuBenennsie  Ha  pucyHke 7  (QyHKOMM  pacmpeneNieHdus  XOpPOIIO

ANIpPOKCUMUPYIOTCSI OOPaTHBIMU TPUTOHOMETPUUECKUMU (QYHKLIHUSIMHU:
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S, mair (L ) = =0,378 - arcctg (8,04 -1, — 4,63)+1,108
S, max.B (ZHB ) =0,443 - arcctg (4,58 Ay — 1,6)— 0,144 9)

Sn,max,n a) Sn,maX,B 0)

ZHH lHB

Pucynok 7 - K ycranoBnenuto GyHKIUI pactpeeieHnss MaKCUMAaIbHBIX OCEIaHHi
TOYEK MMOAPabaTHIBAEMOM 36MHON TOBEPXHOCTH B MIOMIEPEUHOM CEUYECHUH TUHAMUYECKON
MYJIb/Ibl CIBMXKEHUH IIPU OTXO0J1€ OYMCTHOrO 32005 Ha pacctosinue D, , ~ H ., 3a
IPOEKLHUIO MPO(PUIBHON JUHUM: @) B OIYMYJIbJIE IO NAJACHNUIO; 6) B IMOJIYMYJIBJE 1O
BOCCTaHHIO

KoadduunenTsl coOTHOLIEHHUS TOPU30OHTAIBHBIX U BEPTUKAIBHBIX CIBUKECHUN B
KPaeBbIX 30HaX IMHAMWYECKOU MYJIbJbl OIIPENEICHBI 110 CTATUCTUYECKUM COBOKYITHOCTSAM
METOAOM HAaWMEHBIIMX KBAaApPaTOB M HMEIOT CIEAYIOIIUE YHMCICHHBIC 3HAYCHUSA:
K317 =0,70; K5 =-093. Harinenneie 3HAYECHUS KO3 PUIIUEHTOB

IMPOIIOPHOUOHAJIBHOCTH ABJIAIOTCA OJHMHAKOBBIMHU JIXI BCCX TOYCK HO,Hpa6aTBIBaeMOﬁ
3eMHOU IMOBCPXHOCTHU, HAXOIAIIHUXCA B KpPACBLIX 30HAX II0 IMAJACHHUIO W BOCCTAHHUIO, U
IMTOCTOAHHBI BO BPCMCHHU IIPOXOKACHUA 110 HUMH OYHUCTHOT'O 33605[.

Koppensipionnsie  mojsi, MO KOTOPBIM  YCTAHABIMBAIUCH  KOI(PPUIIMEHTHI
COOTHOIIICHUN MCKAY TOPHU3OHTAJIbHBIMU W BCPTHUKAJIIbHBIMU CABWIKCHUAMHU TOYCK
ITOBCPXHOCTU B CPCAHUX 30HAX, IMPHUBCACHLI HA PUCYHKC 8. HpI/IBCI[eHHBIe 3aBUCUMOCTHU
HMCIOT BUA CUTMOMUJBI U allIIPOKCHUMHUPOBAHBI OMITMPUICCKUMHU (bYHKI_II/IHMI/II

Ko il o3 )= 0,285 -arcetg (5,606 -1, o, ,, —3,324)- 0,112
Ky s\l c5.5)=—0,415 -arcctg (4,136 -1, o, , —2,252)+ 1,131 (10)

Haiinennrsie K02 PUITUESHTBI IIO3BOJISIIOT OIIPEEIIUTH JUHAMHUYECKOE

TOPHU30HTAJIbHOC CIABUIKCHHUC HpOI/ISBOHBHOﬁ TOYKH 3E€MHOU IMOBCPXHOCTU HaA JIMHUU

BKPECT MPOCTHPAHMS JIABbl Yepe3 €€ JIMHAMUYECKOE OCEJaHHUE, COOTBETCTBYIONIEE
TEKYIIEMY MOJOKEHUIO OYUCTHOTO 3a0051.
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Kez,n(ln,c3,m) a) Kcs,(ln,c3,8) 0)
0.8 1 |

; < (0 R °®
0.6 . 0.8 S

0.6 At
0.4 \ o
. 0.4 /-
0.2 ¢ ° ®
N, 0.2 - 4
o :

0 0 0.2 0.4 0.6 0.8 1 90 0.2 0.4 0.6 0.8 1

lH,CB,H IH,C3,H

K

MIOJIOKEHUS TOUEK CPEHUX 30H MOAPadaTHIBAEMOI 3eMHOM TOBEPXHOCTH B TIOTIEPEYHOM
CEUYCHHH IMHAMUYECKOU MYJIbJIbl CABUKEHUHN TIPU MPOXOKICHUH OYUCTHOTO 32005 TTO/T
npoUIbHOMN JTMHKUEH: @) B TTOJIYMYJIbJIC 110 TAJICHHIO, 0) B TIOJIyMYJIbJIE TT0 BOCCTAHHUIO.

Pucynok 8 - K ycranoBienuto 3aBucumMocteit ko3phuuneHToB K oT

C3,11° C3,B

B n#aToii riaBe npuBeIEeHA METOAMKA IIPOTHO3a OKHMAAEMBIX JUHAMUYECKHUX
CABIKEHUN OTHEIBHBIX TOYEK 36MHON MOBEPXHOCTU MPH OTPabOTKE IMOJIOTO-HAKIOHHBIX
yroibHbIX miactoB Kyszbacca ¢ yuyeToMm MOBBIMIEHHBIX CKOPOCTEH MOABUTaHUS 3a00€B.
Meronuka ~ pa3paboTaHa Ha OCHOBE BBISBJICHHOM JUHAMUKM W YCTAHOBJIEHHBIX
3aKOHOMEPHOCTEN U SABJISIETCS CHCTEMOM MHOTOBAPUAHTHBIX PACUETOB.

SAKVIIOYEHUE

Huccepranusi  sIBIsS€TCS  HAyYHO-KBaTU(UKAIMOHHOW pabOTOM, B KOTOpPOH
pelaeTcss HaydHas 3aJada MOpOrHO3a CABMXKEHUW OTIENBHBIX TOYEK MOBEPXHOCTH,
PACHOJIOKEHHBIX B 30HE BIIMSIHUSA OYMCTHOM BBIEMKH. Y Ka3aHHas 3aJaya UMEET 3HAUCHUE
IpU pENIeHUH HAayYHO-TIPAKTHYECKUX BOIPOCOB OOecredeHusi 0e30MacHOCTH OOBEKTOB
MMOBEPXHOCTH TPHU MOJA3EMHOUN pa3padOTKe YroJIbHBIX MECTOPOXKJACHUMN, B TOM YHUCIIE MPU
BBIEMKE C BHICOKMMHU CKOPOCTSIMH MOJIBUTaHUsI 3a00€B.

OcHOBHBIE HAYyYHbIE Pe3yJbTAThI U BbIBO/bI:

1. XapakTtep U3MEHEHUS] TOPU3OHTAIIBHON COCTABJISIIOIIEH CIABMXKEHUM OTIIEJIBHBIX
TOYEK Ha NPOPUILHON JIMHUM 1O MPOCTUPAHUIO JIaBbl TIO3BOJISIET BBIICIUTh U
OXapaKTepU30BaTh YEThIpe OOOCOOJICHHBIE 30HBI B HANpaBIEHUU MPOCTHPAHUA, a
0COOEHHOCTH Pa3BUTHUS OCEAAHUM TOUYEK HAa MPOPUIHHOM JTMHUN BKPECT MPOCTUPAHUS TIPU
MOJIBUTAHUM OYHCTHOTO 32004, a TAaKXKE XapaKTEP COOTHOILIEHUS MEXIY BePTUKAIbHBIMU
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U TOPU3OHTAJIBHBIMU CIBWXKEHUAMHU OTHUX TOYEK - YETBIpE 30HBI B IIOIEPEYHOM
HanpasieHuu. [IpuBeneHsl ¢Qopmyiibl, HEOOXOOUMBIE MapaMeTpbl W IMIMPUUYECKHE
KO3 GUIMEHTHI AJIs1 pacyeTa FeOMETPHUUECKHUX Pa3MEPOB XapaKTEPHBIX 30H.

2. Ilo pe3ynpTaTaM BBIIIOJHEHHBIX UCCIIEIOBAHNUN YCTAHOBJIEHO, YTO MAKCUMAJIbHOE
OCElaHHE 3E€MHOM IOBEPXHOCTH IPU BBICOKMX CKOPOCTSAX IIOJBHIaHus 3a00d cC
JOCTaTOYHOM TOYHOCTBIO OMpENesieTcss COooTBeTcTBYyIome Qopmymnoin  «lIpaBun
OXpaHbl...», TMPU 3TOM pACXOXKIECHUE MEXAY (PAKTUYECKUMH MaKCHUMaJIbHBIMU
OCEIaHUSIMU 110 MPOQUIbHBIM JIMHUSM Ha HAOMIOJATENbHBIX CTAHLUUAX HE MPEBBILLIAIO
20% oT MakCUMaJbHBIX OCEIaHNM, pACCUUTAHHBIX 110 MeToauke «[IpaBui...».

3. MakcuManbHble OCeIaHMs OTAEIbHBIX TOYEK B CPOPMUPOBAHHON JUHAMUYECKOM
MyJIbJi€ Ha NPOQWIBHON JIMHUU MO MPOCTUPAHUIO JaBbl 3aBUCAT OT IOJIOKEHUS TOYEK U
MOTYT OBITh OIPEJEIIEHBI B TIOJIYMYJIbJIaX CO CTOPOHBI MOHTAXHOW U JEMOHTaXHON KaMep
C MOMOIIBIO BEIMYMHBI MaKCUMAJIBHOIO OCENAaHMs MYJIbIBI CIBUKECHUSA, OIPEACIIIEMOrO
MeTogukou «IIpaBuil OXpaHBbI...», U IPEIIOKEHHBIX 3MIUPUYECKUX 3aBUCUMOCTEH Ha
OCHOBE OOpaTHBIX TPUTOHOMETPUUECKUX (PYHKITUH.

4. YcraHOBIIEHBI SMIHUpUUeckie GopMyJibl AJis pacueTa MaKCUMaJbHBIX OCEIaHUMN
OTJEJBbHBIX TOYEK MOMEPEYHbIX MNPOQPWIbHBIX JUHUI B MOJyMyJbJaX IO MAJACHUIO U
BOCCTAHHUIO, OMPEIENIIEMbIX B CIydae pPAacCIOIOKEHHUS NPOQPHIbHON JIWHUU B TJIABHOM
CEYEHNUH - C TOMOIIBI0 BEIMYMHBI MAKCUMAaJbHOI'O OCENAHUS MYJbIbl, a B Clly4yae
pacmnoioXeHus MPo(UILHON JIMHUU B CEUCHUSX, apalIeIbHBIX TJIaBHOMY - C TOMOIIBIO
MaKCHUMAaJIbHBIX OCEJJaHUI TOUEK, PACIIOJIOKEHHBIX HA IEPECEUCHUH MPOPUIBHBIX JIMHHM.

5. Jlimg KaxkaoW W3 BBIACICHHBIX XapaKTEPHBIX 30H ONPEAECICHBI dMIIMPUYECKUE
(GopMyibl TMHEHHOT0, 3KCIOHEHIIMAIBHOIO U TPUTOHOMETPUYECKOrO0 BUAA IS pacuera
JMHAMMUYECKOTO OCEJaHUsl MPOM3BOJIBHOM TOYKM NOJpadaThiBA€MON IOBEPXHOCTU B
3aBHCHUMOCTH OT IIOJIBUT'aHMsI OYMCTHOTO 3a0041.

6. YCTaHOBIIEHO, YTO OCEAAHMS TOYEK IIOJyMYJIBJIBI CO CTOPOHBI MOHTaXHOM
KaMepbl HE 3aBUCSAT OT CKOpPOCTH IIOJABUTaHUS O4YUCTHOro 3abos. [l Touek,
PACIIOIOKEHHBIX B IOJYMYJBAE CO CTOPOHBI JEMOHTaXKHOM KaMmepbl, yBEIUYECHUE
CKOPOCTH TOJBUTaHUSA 320051 YMEHbIIACT JWHAMUYECKUE OCeNaHHs MoJapadaThiBaeMOM
IIOBEPXHOCTH.  BBIABIICHHBIE  3aBUCUMOCTH  BIIEPBBIC  IIO3BOJIAKOT  BBIIIOJIHUTH
KOJIMYECTBEHHYIO OLICHKY BJMSHUS CKOPOCTH TMOJBUTaHUs 3a008 Ha CIBH)KECHHE
10/1padaThIBA€MON MOBEPXHOCTH.

7. BBIABIIEH XapaKTep COOTHOUIEHNS BEPTUKAIBHBIX U TOPU30HTAIBHBIX CIABHKECHUN
TOYEK MOApadaThIBAEMON 3€MHOW TMOBEPXHOCTH B HAMNpPaBICHUSIX BKPECT U IO
IPOCTUPAHUIO JaBbl. [[7 aHAaIUTUYECKOTO MPEICTABICHUS B3aUMOCBSI3H OCEHAHUU M
TOPU30HTANBHBIX CIIBMKEHUI BIIEPBBIE YCTAHOBIIEHBI SMIIMPUYECKNE 3aBUCUMOCTH.

8. JImHaMHuecKoe TOPU30HTAIBHOE CABMKCHHUE ITPOU3BOIBHON TOYKHU ITOBEPXHOCTH
Ha Npo¢UIbHON JIMHUHU 110 IPOCTUPAHUIO B 3aBUCUMOCTH OT IOJIOKEHHSI OYMCTHOTO 320051
MOKET OBITh OIPENEICHO Yepe3 OUHAMHYECKOE OCEJaHHE 3TOM TOYKH M (YHKIUH
B3aMMOCBSI3H BEPTUKAJIBHBIX U TOPU3OHTAIBHBIX CABHKCHUM.

9. Paspaborana «Meroauka MNpPOTHO3a OXKUIAEMBIX IUHAMHYCCKUX CIBHKCHHI
OTJENbHBIX TOYEK 3€MHOI MOBEPXHOCTH NpPU OTPaOOTKE MOJOTUX YIOJbHBIX IJIACTOB
Ky3z0acca BbICOKOMEXaHU3UPOBAHHBIMU OJJUHOYHBIMU JIaBaMI.
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