IIpumeuanue 1J1s1 peraKkTopa:

Bce wgame npu peanmsanuu NPOEKTOB TPaXKAAHCKUX U IMPOMBIIIIEHHBIX COOPY)KEHUH BO3HUKACT
HEOO0XOIUMOCTh ONpPEACTICHUS MEXaHUYECKHX CBOMCTB CKaJIbHBIX TPYHTOB. MeEX1y TEM, CTaHIapTHOE
000py/I0BaHUE HCIBITATENbHBIX J1A0OpATOPUN HE BCEr/a MO3BOJSET MPOBOAUTH TAaKUE HCIBITAHUS.
HMeHHO M03TOMY OCOOEHHO HEHSTCS METO/bI MCIBITAaHHUM, KOTOPhIE MOTYT OBITh PEeaJIM30BaHbl B TEX
K€ HArpy304HbIX YCTPOMCTBAX IIyTEM 3aMEHBI OCHACTKH.

HoBasg cratbs u3 nUKJIa O Ha60paTOpHLIX MeTogax HUCHBITAHUN TPYHTOB pacCMAaTpUBACT HCIIbBITAHUA

CKaJIbHBIX I'PYHTOB Ha HEIIPAMOC PACTAXKCHHC.

HUcnbiTaHus CKAJbHBIX I'PYHTOB HA HENMPSAMOE€ PACTHIKCHHUE

Mupnbiii A.1O., K.T.H., cTapimuii Hay4Hblid coTpyaHuK ['eonoruueckoro ¢akynprera MI'Y um. M.B.
JlomoHocoBa, r. MockBa

HUnpucos U.X., k.T.H., reHepanbubiii aupexkrop OO0 HIIII «I'eotex», r. Ilensa

OnpezneneHne MEXaHUYECKUX CBOWCTB CKaJIbHBIX I'PYHTOB NPEACTAaBISET BAXHYIO, U B TO XKe
BpeMs CIIOKHYIO 3a7auy. [1o cpaBHEHUIO ¢ IUCHEPCHBIMU I'PYHTAaMH, CKaJIbHbIE TPYHTHI 00J1a/1al0T Ha
MOPSZIOK  OOJIBIIMMHU  JKECTKOCTBIO M TPOYHOCTBIO, YTO HE TOJNBKO TpeOyeT NpUMEHEHUs
CTIEMAM3UPOBAHHBIX, 00JIee MOIIHBIX HArpy30YHBIX YCTPOWCTB, HO M BBI3BIBAET CIOXKHOCTH C
M3rOTOBJIEHHMEM 00pa3loB 3aJaHHON ¢opmbl. I[loMHMO 3TOro, CkajlbHble TPYHTBI 00JanatOT
CYIIECTBEHHON MPOYHOCTBIO MPH PACTSDKEHUH. Bce 3TO yCIOXHSAET M yJI0pOoXKaeT KOHCTPYKIHIO
UCTIBITATETIFHOTO 000pyAoBaHMs. VIMEHHO TOATOMY B H3BICKATENBbCKUX JIAOOPATOPHSX IICHATCS
YCTaHOBKH, TIO3BOJISFOIIIME PEIIATh HECKOJIBKO 33/1a4 ITyTeM 3aMEHBI OCHACTKH, a TAK)KE YHUBEPCAIbHBIC
MeTozbl. K TakuM MeTo/1aM OTHOCSATCS] UCIIBITAaHUSI Ha HETIPSIMOE pacTsKEHHeE.

VcnblTaHus Ha OIHOOCHOE pacTshKeHue B Haiel ctpaHe pernamentupytoress [OCT 21153.3
«[Toponer ropHBIE. METONIBI ONpeAeTIeHHs Tpeeina MPOYHOCTH MPH OJHOOCHOM PACTSHKEHHUW». DTOT
JTOKYMEHT TpeIyCMaTpUBAeT TPH BapHaHTa MPOBENCHUS HCIBITAHUH, IEPBBIH M3 KOTOPHIX — MPSIMOE
pactshkeHue. Ero peanmsanusi cBs3aHa CO CIEAYIOIUMH TPYAHOCTSIMU. Bo-mepBbIX, HEOOXOIUMO
obecrieunTh Mepegadyy Ha oOpasel] pacTATHBAIOIIEro YCWIMSA, HHOIZA BECbMa 3HAYUTEIHHOTO.
CrnemoBarenbHO, HEOOXOJAUMBI 3aXBaThl, HAJICKHO YICPKHUBAOIIHE 00pa3er B XO/e OmbiTa. TOIBKO
o0OkaTusi 3a OOKOBYIO TIOBEPXHOCTh MOJKET OKa3aThCs HEJIOCTaTOYHO, W TMOITOMY MHOTHE TaKhe
KOHCTPYKLIMM HCIONB3YIOT 00pa3ubl B (OpMe TaHTENH, 33 «IOJKHW» KOTOPOW 3aXBaT YAEP)KHUBACT
obpaszen. UM3roroBneHue TakMX OOpa3LOB NPABUIBHOH T'€OMETPHUUECKOW (OPMBI  CHIXKACT
MIPOM3BOUTENHHOCTD JJabOpaTOpru, TPeOyeT CrIeMaIbHOTO 000pYy10BaHUs (a 3a4acTyI0 U TOMEIICHUS

i Hero). [Tomumo 3TOr0, MOJIOBMHA Macchl 00pa3ia NpeBpalaeTcs B MbLIb.



Bo-BTOpBIX, HE KaX10€ HArpy30YHOE YCTPOMCTBO M U3MEPUTEIbHAS CHCTEMa MOTYT paboTaTh B
OJIMHAKOBOM JIMANa30HE OCEBBIX CKUMAIOIIMX M PACTATMBAIOUIMX YCWIMH. DJTO OrpaHUYHBAcT
YHHUBEPCAILHOCTh METOJIa M HE TIO3BOJISIET PEAIM30BATh €r0 B UMCIOLIMXCS HArpy304YHBIX YCTPOHCTBAX.

MMeHHO 1o3TOMY 0O0Jiee YHUBEPCAIBHBIMHE SIBIISIOTCS METOBI HEMPSIMOTO PacTshKeHHs. MeTos
pa3pylleHUs] IMIMHAPUYECKUX O0pa3loB CKaTHEM IO 00pa3yrommM (M3BECTHBIH B 3apyOeXHBIX
CTpaHaX Kak «Opa3smibCKUH TeCT») MO3BOJISCT MPOBOIUTH HCIBITAaHHS Ha OO0pa3lax-IHIHHIpaxX
mrameTpoM oT 30 1o 60 MM, Y4TO 3HAUMTENILHO CHMXKAET 3aTpaThl Ha MpoBeneHHe ombita. LlummHap
YKJIQJIBIBACTCSI TOPU3OHTAJIBHO MEXIY BEpXHEW W HIDKHEH IUIMTaMU JIMOO KIMHBSMH, MOCIE Yero
HPUKJIAIBIBACTCS CKUMAIOIAst HArPY3Ka, BBI3BIBAIOIIAS PAaCKaIbIBAHUE 00pa3lia 0 BEPTUKAIBHOMH OCH.

ITpOoYHOCTH Ha OJTHOOCHOE PACTSKEHUE ONPEIEIETCS 110 hopMyJIe:
P
o' =K-—-10,
r S

rae P — oceBoe ycwiue mpu paspylleHHH, S — IUIOLAa/b CEYeHHs o0pasla IO IUIOCKOCTH
packanbiBanus, K — ko3 punueHT nponopuuoHaabHOCTH.

Koapdpumment IPONOPLUOHATIBHOCTH YUUTHIBAET KOHIIETPALINIO/ IEKOHIIEHTPAIIHIO
HaNpsDKEHUH Ha KOHTAaKTe ¢ 00paslOM B 3aBUCHMOCTH OT CHOCO0a mepefayd CKMMAIOIIEro yCHIINS
(mouTa WM KIMH). B MUpOBOI mpakTHKe BMECTO KJIMHBEB MHOT/IA UCMOJb3YIOTCS TOHKHUE CTaJbHbIE
CTEep)KHHU, OOecleunBarole rnepegadyy Harpy3ku mo JuHMM. Kpome 3Toro, CymecTBylOT BapUaHTHI
UCIBITaHUS C OTHOCUTEIBHO MATKMMHU MPOKIAIKaMU (U1 MPEAOTBPAIECHUs JIOKAIbHOIO IpOOJIeHUs
o0Opa3la) ¥ WCKPUBJICHHBIMU IUIMTAMHU (7S Jiydmiedl 1eHTpoBKHM). OTe4eCTBEHHBINI HOpPMaTHBHBIN

AOKYMCHT NPCAIUCHIBACT IJIA obecneueHUs HECHTPOBKU HUCIIOJIB30BATH CErMEHTHBIHN HIapHHUp.
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Puc. 1. BapnanTsl nepeaay HArpy3KH NPH HCNIBITAHUAX HUJIHHIPHYECKHX 00pa3loB c:xKaTHEM

no o0pa3ymum

Eme omHMM METOAOM WCHBITAaHWKA Ha HENPSIMOE pACTSDKEHHE SIBISETCS HarpyKeHHe
cepryeckUMU MHICHTOPaMH OOpPa3lOB HENpPABWIBHON (opMbl. [laHHBIN BUI HCHBITAaHUS OYEHD
MOTYJIIPEH U HMIMPOKO MPUMEHSETCS M3bICKATEIbCKUMU OPraHU3aMsIMHE, TaK KaKk He TPeOyeT CI0XKHON
OCHACTKH M KaKoW-JIMO0 MoAroToBKU 00pa3noB. [Ipeanonaraercs, yto oOpasen HempaBUIbHON (POPMBI

ClleqyeT TOMECTUTh MEXAY JBYMsl BCTPEYHO HAIPaBICHHBIMH CHEPUYECKUMHU HWHIACHTOPAMHU.



[TputoskeHre Harpy3KH BBI3BIBACT PacKaJIbIBaHUE 00pasIia, MOCje Yero CieayeT ONpeaeIuTh TUIOIIa b
CKOJIa ¥ BBIYUCIIUTH IPOYHOCTH MPU OJJHOOCHOM pacTsokeHUU. OUeBUIHO, YTO MCIBITAHUE CUUTACTCS
YCHEIIHBIM, €CJTH B PE3yJIbTaTe Pa3pylICHUs oOpa3el] pa3aenuics He Oosee, YeM Ha JBE YacTH.

HeoOxoquMo OTMETHTh, 4YTO JAHHBIM BHJ] MCIBITAHWS OIHUCAaH B JBYX, HapalieiIbHO
JNEHCTBYIOMUX HOpMaTUBHBIX nokyMeHTax. Pazmen 3 'OCT 21153.3-85 mpenmonaraer mpoBeneHHs
JAHHOT'O MCHBITAHUS UCKITIOYUTEIHHO ISl ONIPEICIICHHS POYHOCTH TIPH PACTSKEHUU:

6 =K-L.75
S

P

rae P — oceBoe ycuiMe mpu paspylleHHM, S — IUIOINAAb CeueHHsl o0paslia Mo IIOCKOCTH
packanbiBanus, K — MacmtaOHbIA KO3(PPUITUESHT, TPUHUMAEMBIN B 3aBUCUIMOCTH OT S.

OueBUIHO, YTO HEM3BECTHAs (hopMa CEUYEHUS HE TMO3BOJISACT MONyUYUTh TOYHOE aHAIUTHYIECKOE
pemieHre s JAaHHOTO Meroaa. VIMEHHO STHUM OOBSICHAETCS HEOO0XOIMMOCTh HCIOJIB30BAHMUS
smnupuueckoro kodpduuuenta K. Eme oaHOM NpUYMHOM HETOUYHOCTH SBISETCS CIIOKHOCTh
OIpeJieJIeHUs IO U ceueHus. TpaJuilMOHHBIM METOIOM SIBJII€TCS UCII0Ib30BaHUE MUIUIUMETPOBOM
Oymaru, HO COBpEMEHHBIE YCTPOMCTBA MO3BOJISIOT ONITUMHU3UPOBATH U TOBBICUTH TOYHOCTDH — HAIIPUMED,
MyTEeM CKaHMPOBAHUS OTIEYaTKa M OTPEICICHHUS eTo0 IUIOMIAIN MPOrPAMMHBIMH CITIOCOOaMHU.

Cymectyer Tak xe ['OCT 24494-81, B kOoTOpOM oMnucaHa yCTaHOBKa cO c(epHuecKUMHU
MHJIGHTOpaMM [UIs OIpeNleNIeHus] HapameTpoB aegopMmHupyeMocTH. B Xone ombita ompenensercs
MPOYHOCTh HA OIHOOCHOE pacTspkeHue (B momHoM cootBercTBUM ¢ ['OCT 21153.3-85, B Tekcre
MPUBEJICHA CCHUIKA); NMPOYHOCTh Ha OJHOOCHOE CXarthe (10 KOPPENAIHMOHHBIM YpaBHEHUSM, B
3aBHCUMOCTH OT pa3HOBUIHOCTH FOPHOM MOPOBI), @ TAKXKE MapaMeTpbl 1e(hOpMUPYEMOCTH.

OmnpeneneHnue mnapamMeTpoB J1eOPMHUPYEMOCTH TpeOyeT JIOMOJHUTENBHOW YCTAaHOBKH
MU3MEPUTENIBHON CUCTEMBI BEPTUKAIIBHBIX ITepeMenieHui. [Ipr 3TOM BBINIOJIHAETCSI HECKOJIBKO CTYTIEHEN
HArpy»XeHHUsI, YTO MO3BOJISIET ONPEICITUTh HE TOJIBKO MOYJIb YIIPYTOCTH TIPU OJHOOCHOM CXATUU Ecx,
HO TaKXe KOHTaKTHBIN MOyJb Ex M KaTerOpHIO IIACTUYHOCTH TOPHOM mopoisl. K coxanenuro, MeTos
UMeeT OTPaHUYEHHUs MO MPUMEHMMOCTH, TaK KakK JUIsl 0CO00 >KECTKUX MOPOJ TOYHOCTb M3MEPEHUS
nepeMeIeHN MOKeT 0Ka3aThCsl HeJOCTaTOYHOM, U TOTpeOyeTcsi MPUMEHEHHE OJTHOOCHOTO CHKATHS 110
I'OCT 21153.2-84.

[Tony4yenHast JIIOOBIM METOJOM BEITMYHWHA COMPOTHUBICHHUS OIXHOOCHOMY PACTSHKEHUIO MOXET
HCMOJIb30BATHCS HEMOCPEJICTBEHHO (HAmpUMep, NMPH pacueTe yCTOMYMBOCTH IOA3EMHOM BBIPAOOTKH
WIA CKaJIBHOTO OTKOCa), TaK M NpPU JajbHEWIIeNd HMHTEpIpeTaluu pe3yibTaToB. B uwacTHOCTH, Ha
OCHOBAHUU Ocx U Op, ONPENEICHHBIX HENOCPEICTBEHHBIMU HCIBITAHUSAMHU, MOTYT OBITH HOCTPOECHBI
Kpyru Mopa ans cilydyaeB OJHOOCHOTO CXaTHUs U PACTSKEHUS, COOTBETCTBEHHO. ODTO I0O3BOJISET

OIIpEAEIUTh NapaMeTpbl yciaoBus npouHocTy KynoHna-Mopa u1sl cKaJIbHOTO TPYHTA.
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Puc. 2. Cxema k onpezeneHnIo napaMeTpoB yciaoBus mpoyHocty Kyiona-Mopa 11 CKaJIbHOro rpyHTa

Bonee kKoppekTHBIM OyZeT MOCTpoeHHe He NpsAMOi, a orudaromiell JUHUU 110 SMIMPUYECKOM
3apucumoctd ['OCT 21153.8-88 — 3T0 mM0O3BONUT OmMpenessITh MapamMeTpbl CONPOTUBICHUS CIABUTY B
1r000M TpeOyeMoM anana3oHe HanpspkeHui. OHaKo MOJOOHBIE 33/1a41 PEAKO BOSHUKAIOT B IIPAKTHUKE
IPaXJaHCKOI'O CTPOUTENIbCTBA, U CKOPEE OTHOCITCS K TOPHOMY JETY.

OOO HIII «I'eotex» mnpenmaraer B coctaBe Komiuiekca «ACHC IIpo» xommiekrt
o0opy/10BaHus JUIs UCIIBITAHUN Ha HEMpsAMOE pacTsikeHue. B coctaB kommiekca BXOIUT HEOOX0JUMOe
o0opy/i0oBaHUE JUIsl CO3/1aHUsl CTATUYECKOrO0 MJIM KUHEMATHUYECKOTO BEPTHKAIbHOI'O BO3JEWUCTBUSA,
HeoOXo/nuMMas — M3MEpHUTeNbHas  ammaparypa M OporpaMMHOe — o0ecriedeHue, a  Takke
CIELMAIU3UPOBAHHBIE MPUCIOCOOTIEHNS [UIl HUCHBITAHUH Ha HENpsIMOe pacTsDKEHUE: TOYedHOe
pacTsDKEeHHUe, pacTsbKeHHe Mo oOpasyrollei; pacTskeHue npu usrude. VcnbiTaHust mpoBoAasTcs B
aBTOMATHU3HPOBAHHOM PEXKHUME C KOHTPOJIEM BCEX MMapaMeTPOB B pealbHOM BPEMEHH.

Bornee mopoOHyI0 TEXHUYECKYIO MH(DOPMAIIUIO MOKHO MOJYYHUTh Y CIIEUATUCTOB KOMITAHUH

WK Ha caiite WWW.Npp-geotek.ru.
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