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ACIIEKTBI MATEMATHYECKOI'O MOAEJINPOBAHUSA ITOBEJTEHUSA
HOPOJ C YHETOM PA3ZBUTHUTA TPEHHIMHOBATOCTHU I'OPHOI'O
MACCHUBA

[IpuBeneHO BAMSIHME CUCTEMBbl TPEUIMH HAa MEXaHUYECKHE XapaKTePUCTHKU IOpOoJ Mpu
pa3IM4YHOM YPOBHE TOPHOTO JaBJIEHMS B BUJIE (PYHKIMOHAJIbHOW 3aBUCUMOCTH. JTa 3aBUCHUMOCTh
[OJIyueHa NyTeM [POBEACHUS BbIYUCIUTENbHBIX JSKCIIEPUMEHTOB B YCIOBHSIX IPOCTOrO
HarpykeHusi oopasia nopo/ibl ¢ yueToM paccCMaTpUBAEMbIX [TAPAMETPOB TPEILIHH.

HaBeneHo BmiuB cucTeMM TPIUIMH HA MEXaHIYHI XapaKTEpUCTUKU TIPChKOi MOPOJIU MpHU
pI3HOMY piBHI PCHKOTO TUCKY Y BUITIAAI QYHKIIOHANBHOI 3ai1exHOCTL. L4 3anexxHicTe oTpumana
IIpU TMPOBEACHI OOUYUCIIOBAIBHUX EKCIIEPUMEHTIB B yMOBaX IPOCTOrO0 HAaBaHTAKEHHS 3pa3ka
MOPOJM 3 YpaxyBaHHSIM PO3IJISHYTUX HapaMeTpiB TPILIUH.

In the mechanical-mathematical model of rock included three indicators describing the degree
of influence fracture systems are present in the rock pressure. Manipulation of these parameters
allows you change the strength characteristics of the elementary volume of the rock, depending on
the actual mining conditions affecting it.

AKTyaJbHOCTh. [Ipy mnpoBeACHUU BBIYUCIUTEIBHBIX JKCIEPUMEHTOB 10
OTIPENICNICHUIO0 YCTOWYUBOCTU TOATOTOBUTENIBHBIX BBIPAOOTOK B CIIOKHBIX TOPHO-
F€0JIOTMUYECKUX YCIIOBUSIX, BO3HHUKAET HEOOXOIUMOCTD BBICOKOTOYHOI'O
MoOJIeIupoBaHus Kpemn# [1]. DTa BbI3BaHO MUHUMM3AIIUEH BHOCUMBIX MOTPEITHOCTEH
MIPU MPOBEJICHUHM ONTUMU3AIIUK TTOKa3aTeaeld KOHCTPYKIIUH KPEMH ¢ MaJIbIM 3a1iacoM
MPOYHOCTU. TakuM 00pa3oM, MojAeIHpyeMasi Kpelb He pacCMaTPUBAETCS KaK €IHMHBIN
O0OBEKT C YCpeIHEHHBIMU (PU3UUYECKUMH TMOKa3aTeNsIMH. A KaXIblii €€ SJIEeMEHT
OMHCBHIBAETCSA, KaK CaMOCTOSTENIbHBIM KOHCTPYKTHUB B TMpelesiax COOCTBEHHOM
pacueTHO cxeMbl. B pacuerax mpu MOJAEIUPOBAHUM CTaJCMOJMMEPHOTO aHKepa
OOBIYHO pPEANTH3YIOT OJHY KOHTAaKTHYIO TOBEPXHOCTh, JJISI KOTOPOM, B YCIIOBHIX
BBICOKOM TIOMEPEYHON HArpy3kKud WIM 3HAYUTEIBHOM >KECTKOCTH OKPYKAIOIIUX
MOPO/JI, 3a1aI0T KOHTAKT C COOJIIOJIEHUEM CIUIOIIHOCTA MOJIETH CHUCTEMbl «aHKEp -
nopoaa» [2]. B ciaywae, korja 0XWJIaeTCs MM BO3MOXKHA MOTEPS KOHTAKTA MEXKIY
MOpoJlaMH M TEJIOM aHKepa, NMpuOeraroT K KOMOWHHUPOBAHHOM cXeMe, B KOTOPOM
94aCcTh MMOBEPXHOCTH MOJICIIH IIITypPa HAXOJAUTHCS B KECTKOM CBSA3U C aHKEPOM, a YacTh
ATOM TOBEPXHOCTH OOpa3yeT KOHTAKT C AaHKEpOM B YCIOBUSX B3aWMHOIO
MPOCKaNb3bIBaHUA. ['eoMeTpuueckue pasMepbl Takux o00JIacTeil, TOYHEee UuX
B3aUMOOTHOIIICHUE, PEryJIUPYETCS COOTHOIIEHUEM OTHOCHUTEIHHOTO YITMHEHUS
aHKepa M BMEHIAIONIUX €ro IMOpOoJ, C Y4YeTOM IIIACTUYECKUX XapaKTePHUCTHK
CBSI3BIBAIOIIECTO TOJMMEPHOIO0 COCTaBa. MareMaTH4eCKH TaKoe€ COOTHOIICHHE
OMHCHIBAETCS CICAYIONIUM YpaBHECHUEM

Ka _ ‘(GZT _GZ)+ (GCT - Gc)‘ ’ Al’ (1)

E, —E["%% .1




113
e O,7,0,.7 — OPEAEibl TEKY4YSCTH IOJUMEPHOIO COCTaBa M HNPUMBIKAIOIUX K

mIrypy ropaaix 1mopos, COOTBETCTBCHHO, O ,,0 .~ MAKCHUMAaJIbHBIC 3HAYCHUA I'NIaBHBIX

HampsDKEHU B 30HE KOHTaKTa IMOJMMEPHOM CMECH U TOPHOW MOPOIBI,
COOTBETCTBEHHO; FE,,E. —  MOAyIu yINpPyrocTH MaTepuaga IOIMMEPHOIro
3aMoJIHUTENIE U TOPHOM MOPOABI, COOTBETCTBEHHO; /,Al — niuMHA aHKepa U €ro
OTHOCHUTEJIBHOE YAJIMHEHUE MO/ IEUCTBHUEM Harpy3KH.

Jlerko BHIIHO, 4TO KOX(h(UIMEHT, BhIYUCIsAEMbId B ypaBHeHUH (1), SIBHBIM
0o0pa3oM 3aBUCUT OT MPOYHOCTHBIX U J€(POPMALMOHHBIX XapPaKTEPUCTUK TOPHOMU
MOpoAbl MPUMBIKAIOIIEH K KOHTYpY BbIpaOoTKu. Kak yxke Obu1o mokazaHo B [2]
aKTUBHYIO pOJIb B TPY30HECYIEH CHUCTEME Kpemnu BBIEMOYHOH BBIPAaOOTKH aHKep
HAaYMHAeT WrpaTh TOJBKO IIOCIE TNepexofa MPUKOHTYPHBIX TOPHBIX IOPOJ B
MpeiesIbHOE U 3anpeiebHoe cocTosiHuE. MIcXos U3 BhIllle CKa3aHHOTO, CIEAYET, YTO
CTeNleHb BIMSHUE aHKEpa Ha YCTOWYUMBOCTU TOPHOW BBIPAOOTKH HU3MEHSIETCS CO
BPEMEHEM M 3aBUCUT OT MEXAHUYECKOIO COCTOSIHMSA NOPOJ TOPHOro mMaccusa [3].
OnHoit m3 0COOCHHOCTEH TOPHOW TIOPOJbI, BIMSIONICH HAa €€ MEXaHUYECKHE
XapaKTePUCTUKH, SIBISIETCS TPEIIUHOBATOCTb.

Hanuumne cucreM TpemlMH MOPUBOAUT K HEMUHYEMOMY  CHIDKCHHIO
MPOYHOCTHBIX U H3MEHEHUIO J1e(POpPMALMOHHBIX XapaKTEPUCTUK TOPHOM MOPOJIbI.
[Ipy 3TOM, OTHOCUTEIBHO TOTO >K€ CTAJCMOJMMEPHOIO aHKepa MOXKHO CMEJO
YTBEPKJaTh, UTO MPOUCXOIUT CYIIECTBEHHAs KOPPEKIUS €ro BKJIaJa B M3MEHEHUE
HJIC pacueTHOil cucTeMbl ¢ pOCTOM FOPHOTO JABJICHUS MPUBOASIIETO K U3MEHEHUIO
COCTOSIHUM CHUCTEM TpEUMH B Mpeaeiax paccMaTpUBaeMOro TOPHOTO MAacCHUBa.
CnenoBaTesibHO, TMOBBIINICHUE aJ€KBATHOCTH ONTHUMHU3ALMOHHBIX PACUYETOB CXEMBI
NOJAJIEp)KaHUsI U OXpaHbl MMOATOTOBUTENBHBIX BBIPAOOTOK, TpeOyeT Qunyecku
TOYHOT'O OMUCAHUS TPEIIMHOBATOCTH.

Heab. OmnpenenuTs W3MEHEHHE CTENEHH BIUSHHUS COBOKYIHOCTH CHUCTEM
TpPEeIMH Ha paclpejelieHne HanpsbDKeHW W neopManuii B TOPHOM MacCUBE MpH
W3MEHEHUM BEIUYMHBI TOPHOTO [AaBJIEHUS B OKPECTHOCTU MOATOTOBUTEIHHOU
BBIPAOOTKH.

[HonyunTh (YHKIMOHAJIBHYIO 3aBUCUMOCTH BIUSHUS TPEUIMHOBATOCTH Ha
MEXaHUYECKUE XAPAKTEPUCTUKHU PA3IMYHBIX TOPHBIX MOPOJ B BHJIE MO3BOJSIOIIUM
UCIIOJIb30BaTh €€ Mpu (POPMUPOBAHUU MATPHUIIBI KECTKOCTH KOHEYHOTO 3JIEMEHTa
IpyU TPOBEJIEHUUM pACYETOB METOJOM KOHEUHBIX DSJIEMEHTOB B HEJIMHEHHOM
MOCTaHOBKE.

IMocranoBka mnpob6iaembl. Pa3paboTka MareMaTHuyeckuX MojeNed OomucaHus
BIUSIHUSL TPEUIMHOBATOCTH TOPHBIX IMOPOJ HAa MPOYHOCTHBIE XapaKTEPUCTUKU
FOPHOTO MaccuBa B HACTOsSIIEe BpeMs SBIAETCS OJHMM U3 MPUOPUTETHBIX
HaIpaBJICHUI pa3BUTUS MAaTEMAaTUYECKOrO0 MOJEIMPOBAHUS JIJIS 3a]]a4 Te€OMEXaHUKU
[4]. Onucanue TpelrH B PaCUETHBIX 3a7a4aX FeOMEXaHWKU OOBIYHO pa3lelsiioT Ha
JIB€ TPYIIIBI: MarucTpaibHble (MaKpOOOBEKThI) U TPEIIMHOBATOCTh (CyOOOBEKTHI).
[Ipu 5TOM METOAMKK MOJAEIMPOBAHUS TaKUX DJIEMEHTOB PacYeTHOU 00JIACTH UMEIOT
paznuuHble TUMbl onucanus. ClenyeT BBIACIUTH JBa OCHOBHBIX MOAXOAA MpH
GbopMHpOBAaHMM  OMUCAaHUS  TPEUMH B  TOPHOM  MaccuBe:  IOJy4YeHHUe
HKCIIEPUMEHTAIBHBIX (JTa0OPATOPHBIX) 3aBUCUMOCTEN Pa3BUTHs TPEUIMH B 00pasiax
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IIOPOJ U IOCTPOCHUE 3aBUCUMOCTEN BIIUSHUS TPEIIMHOBATOCTH I'OPHOTO MaccuBa B
30H€ KOHIICHTpAllMU HANpsDKEHUM W BHYTpeHHuX ycwiuid. [Ipu sTomM momoGHbIE
ONMMCAHMS 3a4acTyl0 UMEIOT JMHEHHBIM Xapaktep U (OPMHUPYIOTCS Ha OCHOBE
YCpEIHEHHBIX TTOKa3aTesel, KOTOPhIe paccCMaTPUBAIOTCS B BUJE BHEIIHETO (akTopa,
IIPUBHOCHUMOI'O B CUCTEMY pacueTa KaK CaMOCTOSTEIIbHBIN JJIEMEHT.

Kaxk 0b110 okazano B [4] TpeUMHOBATOCTh CIEAYET pacCcMaTpUBaTh Kak OJIHY
U3 OCHOBHBIX MEXaHMUYECKHX XapaKTEPUCTUK COCTOSIHUSA TOpHbIX mopod. Ilpu
MOJEIUPOBAHUY 3a4aCTYIO 3Ty XAPAaKTEPUCTUKY YUYHMTHIBAIOT B BUJE MOMPABOYHOIO
Kod(dUIeHTa, W3MEHSIOUIEr0 BEJIMYMHY TMpeaena MPOYHOCTH WM MOIYJb
ynpyroctd mnopoasl. OJHAKO aHajau3 peallbHOrO IIOBEACHUS IMOPOJbI NIpH €€
UCIIBITAHUM B JIA0OPATOPHBIX YCIOBUAX U IMPHU MPOBEICHUU HATYPHBIX HAOJIOJICHUN
[1, 3] mo3BonmiK crenath BBIBOABI O TOM, UYTO IIPU PELICHUU 3a7a4 T€OMEXaHUKU B
HEJIMHEMHON II0CTAaHOBKE TAaKOW IIOJAXOJ 3HAYUTEIIbHO CHUXKAET aJeKBAaTHOCTH
MIOJIyYa€MbIX pE3yJIbTATOB. JTO OINPEIEIACTCS, MPEKAE BCETO, TEOMETPUEH CUCTEM
TpeIMH U €€ MU3MEHEHHEeM C pocToM naeopManuid B 00JacCTH TOPHOI'O MaccCHBa,
MPUMBIKAIOUIEH K KOHTYPY TOPHOU BBIPAOOTKH.

JJIeMeHTbl MEXAaHHUKH Ppa3pylleHHsl, HMCIOJb3yeMble IPH ONHCAHUH
COCTOSIHUSL TpPeUUHbI. B IOpOAHOM CJI0€ MOXKET IPUCYTCTBOBATH HECKOJIBKO
CUCTEM TpEIIUH, KaxJas U3 KOTOPBIX OOJaJaeT CcaMOCTOSTEIbHBIM HabOpOM
xapakTepucTuk. C TOYKHM 3peHUs Pa3BUTUS TPEUIUH IPU POCTE HANPSHKEHUN B
TOPHOM MAaCCUBE Ba)XXHBIMHU SBIIIIOTCS CIIEAYIOLME IapaMeTpbl TPEIIUHOBATOCTH:
IrycTOTa TPELIWH, WX HAIpaBJICHUE W HAYaJbHbIM JIMHEWHBIN pa3mep. JInHelnHble
pa3Mepbl TpPEIIUHBl OMNPEACNSIOT BEJIMYUHY DSHEPruM, HEOOXOAUMYIO I eé
PacKphITUS M POCTa, TO €CTh BIUSIOT Ha (OpMY KPUBOM CBSI3U «HANpPSKEHHE -
nedopmanus» I KOHEYHOro oObema ropHoil mopoasl. [Ipu ananuze HJIC B
MacmTabe pacdyeTHOM o00JlacTH 3aJayd TeOMEXaHMKH TaKoe BIUSHUE JOJDKHO
CYMMHPOBATBCSI C YYETOM COBOKYIIHOCTHM BCEX TpPEILIMH, a 3aTe€M II0Jy4CHHBIC
3aKOHOMEPHOCTH HEOOXOAMMO TMPUBS3bIBATH K OCSIM KOOpAMHAT pacyeTHOU 00sacTu
JUTSL IOCTPOEHUS T100aIbHOM MAaTPHUIIbI )KECTKOCTH KOHEYHBIX JIEMEHTOB.

B kadectBe moOKazarens COCTOSIHUSI OTHAEJIbHOM TpeluHbl Obl1 BbIOpaH
SHEPreTUYECKN MHBapUaHTHBIN nHTerpain Yepenanosa — Palica, unaue J -uHTterpan
[5]. JaHHBIN HHTETpad NPEACTABISAIOT B CIEAYIOIIEM BUJIE
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rae Il - noreHuManbHas SHEeprus Tena; ¢ - JJIUHA TPELIHUHBI IIONIEPEK B €€ BEPIUUHE;
[ - nnauHaA TpeuMHbl OT YCThS 1O BEpIIMHBI. B o0miem ciydae moTeHIualbHYIO
HHEPrUI0 TeJla, HAKOIUIEHHYI0 B pe3yJibTare AeQOpMUPOBAHMS, BBIPAXKAIOT 4Yepes
TIOLAAb MO/ JUArPAMMOM CBSA3U «HAIPSAKEHUS - AehOpMALIUID)
P
I1=Pv - [LdP, (3)
0
rie P - Harpys3ka, NpuKiajbpiBaemMasi K pacyeTHOM oOOJacTH; L - MOJIydaemble
nepemenieHus. B pesynbraTte, mojacraBuB BbipakeHue (3) B ypaBHeHue (2), ans
IIOJATIMBOr 0 HATPYKEHHUs, UCIIOJIB3YEMOI0 B 3a/1a4aX T€OMEXaHUKH, I10Jy4aeM
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[lony4yenHyto, TakuM 00pa3oM, 3aKOHOMEPHOCTH (4) MOKHO NMPUMEHHUTDH IS
pa3pabOTKM MaTEeMaTUYECKOM MOJEIM pPa3BUTHUS TPEIIMHBI B 00pasle TOpHOM
nopoabl. JlaHHasg monens OyAeT Y4YUTHIBATh CHUKEHHWE MOTEHUHUAIBHOW SHEpPTruu
UCCIEeIyeMOTro OOBEKTa 3a CYET pa3BUTUS TPELIUMHBI, YTO BMECTO OOBIYHOIO
MOMPaBOYHOr0 KO3 UIIMEHTa TMO3BOJUT [JIsl KaXKIOTO OTIAEIBHOTO KOHEYHOI'O
JJIEMEHTAa U3MEHSATh €ro MPOYHOCTHBIE XapaKTEPUCTUKU C YYETOM BEJIUYMHBI
BOCIIPMHUMAEMbIX HampspkeHud. Takoe omnucaHue HauOojee TOYHO OTOOpakaer
peanbHbIil Tporiecc AehOpPMHUPOBAHUS IMOPOJ, OOpa3yIOIIMX KOHTYpP BBIPAOOTKH,
IIPUMEHUTEIIBHO K YCIOBUAM LIAXT Y KPAUHBI.

I'enepupoBanue BO3JeHCTBUSA CHCTeMBbI TpewMH. Temepp nepenaeM K
OIIMCAaHUIO COBOKYIIHOCTH BJUSHHUSA CHUCTEMBl TPEIIMH HAa MEXaHUYECKUE
XapaKTepUCTUKHU TopoaHoro cios. [lonyuyeHHoe ypaBHeHHe (4) MO3BOJISET OLUEHUTH
BKJIAJl OJHOM TPEIIMHBI Ha MEXAHWYECKHUE XapaKTEpUCTUKHU TOpHOU nopoxasl. Ho B
pEANbHBIX YCIOBUAX CIEAYET PACCMATPUBATH COBOKYIIHOCTBH TPEIIUH CO CXOAHBIMU
napamMeTpaMu, pa3zopoc KOTOpPhIX HEOOXOAMMO YYHMTHIBATH B MAaTE€MaTUYECKOM
ONMCAaHUU KOHKPETHON CUCTEMBI TPELIUH.

J1s Hadaa cieayeT ONpeNeluTh YCPEAHEHHBIN ITapaMeTp TPEIIUH B CUCTEME.
OTO MNpomle BCETO BBINOJHUTH C INPUMEHEHWEM MATEMAaTH4YECKOW CTATUCTUKH.
3anumeM Gopmyny cpeaHero apupMeTH4ecKOro BEJIMYMHBI TPEIIMH B BHIOPAHHOM
o0BeMe rOpHOM MOPOIbI
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rac Xl - IMOKal3aTcJin HHHeﬁHBIX paSMepOB TpeHLI/IH B BLI6paHHOI71 CIANHUIIC 06'BeMa
TOPHOM MHOPOABI, 7 - YKMCIO TPENMH HA €IWHMIY [UIMHBI BBIOPAHHOIO 00pasia
IMopoakl. 3aTeM onpecacinM CTAHAAPTHOC OTKJIIOHCHHC B pasMcpax TPCIOUH OJIA

paccMaTpuBaEMOM CUCTEMBI
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Ha ocHOBaHMM MOJy4EHHBIX XapaKTepUCTUK (5) U (6) KOHKPETHOW CHUCTEMBI
TPCIIUH MOKHO ITOJYYUTHb CPCAHCB3BCHICHHOC BBLIPAKCHHC, OIIMCHIBAIOIICC CTCIICHDL
BJIUSIHUA DTOW CUCTEMBI Ha IMPOYHOCTHBIC XAPAKTCPUCTUKU ITIOPOIbI B BLI6paHHOM
O6’BCMC. B 06I_HCM BHUAC TAKOC OIIMCAHUC BBIITIAAUT CICAYIOIINUM 06p8,30M
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TCHCpB npu y4deTC CHMXKXCHUA IIPOYHOCTHBIX rokasareineu I‘OpHOﬁ 18(0J002183)1
CTaJI0O BO3MOXHBIM YYHUTBIBATH OTIACIIBHYIO CHCTEMY TPCHOIMH Kak ycpeI[HeHHBIfI
I10Ka3aTcJib, OHpCI[CJISICM]’:Iﬁ IIpXU BBIINIOJIHCHUHN HOHFOTOBHTCHBHOﬁ (1)3351 pacucToB,
4YTO TOBBICUT Ka4C€CTBO IIPOBCACHUSA  BBIUMCIHUTCIIBHBIX 3KCICPUMCHTOB H
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MUHUMU3UPYET 00bEM TOTOTHUTENbHBIX BEIYUCICHUH.

IIpumenenue MOJIY4€HHBIX noxKasarteJjie npu NPOBeJIeHUH
BBIYHMCJIUTEIBHOI0 JKCIIepuMeHTa. OLICHOUHBIE PACUEThI, BHITIOJTHEHHBIE aBTOPAMHU
IIPY IIPOBEICHUHN BBIYMCIMUTENBHBIX YKCIIEPUMEHTOB, IIOKA3aJId, YTO TAKOE OIMCAHUE
TPEIIMHOBATOCTH UMEET CYry00 HEJIMHEHHBIN XapaKkTep U 3HaYUTENbHbIC Pa3Inyus B
CTETNIeHU BJIMSHUS Ha 1e(POpMallMOHHBIE XapaKTEPUCTUKU PA3TUUHBIX TTOPO/I.

B kauecTBe WLTIOCTpallMU JAHHOTO Te3MCa PACCMOTPUM rpaduKu M3MEHEHUS
CTEIIEHU BIIMSIHUS TPEUIMHOBATOCTU Ul APTUIIJIMTOB U IECYAHUKOB, IIPUBEICHHBIC
Ha puc. 1. Kak BHIHO, NpU HE3HAYUTEIBHBIX HAIPSKEHUSIX CTENEHb BIUSHUS
paccMaTpuBaeMoOro InapamMerpa HMEET JIMHEHWHBIM XapakTep U HE3HAYUTEIBbHO
paznuuaeTcss MO aOCOJIIOTHOW BeIWMYMHE. 3aTeM, HacTylmaeT akTuBHas (¢asa
BO3JCHUCTBUS CHUCTEMBl TPEIIMH HA MEXaHMYECKHE XapaKTepUCTUKU Mopox. Ilpum
9TOM, JUI aprUJUIMTOB 3TO BIIMSIHUE IPOSBISLETCSA PaHbIIE, HO C IAPYrOM CTOPOHBI,
MAaKCUMyM JTOIO BJIMSHMUSA IPUXOAUTCS Ha IecyaHuk. llocine pocTmxkeHus
MaKCUMyMa BIIMSIHUS Ha0Jt0/1aeTCs MJIABHOE CHUKEHUE JAHHOTO MOKA3aTesl.
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MpueeaeHHbIe HaNPAKEHWA

Puc. 1. Kpueble U3BMEHEHUA CMENEeHU GIIUARUA mpelyuHoeanocmu Ha NPOYHOCMHble
xapakmepucmuxku nopoc) C pocmom HanpﬂofceHuﬁ 6 KOHEYHOM dj1emenme.
a — apsujinumsl, 0 - necuanux

Taxum 00pa3oM, kak BUJHO U3 TpadUKOB, MPEICTABICHHBIX Ha puc. 1, BIUsSHUE
paccMaTpUBaEMOro mnapamMerpa TPEUIMHOBATOCTH Ha TMOPOABl C PAa3IUYHBIMU
MEXaHMYECKUMHU XapaKTEPUCTHKAMU HUMEET CXOXYI0 Tpex(]aszHylo CTPYKTYpYy.
Hanuune stux (a3 xopouio coriacyercs ¢ camMoll MpUpOJION pa3BUTHUS TPEUIUH B
ropsoM maccuBe. B mepBoii (asze, ocrnabireHue mopoabl MMEET HE3HAUYUTEIbHYIO
BEJIMUYMHY W JIMHEHWHBIA XapakTep MOCKOJbKY pacyeTHash o00JacTb HaXOJIUTHCS B
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JOIPENETBbHOM COCTOSIHUU, UYTO OIpeneNseT ciadoe pa3BuTue TpeuiuH. s BTopoi
(da3bl XapakTepHO AKTHUBHOE Pa3BUTHE U PACKPBITUE TPELIMH, YTO U MPHUBOJIUT K
ObICTpOMY TNaJCHUI0 HANpsDKeHU B pacueTHo oOmactu. Ha Tperneit daze, mocie
JOCTHXKEHUH MaKCHMyMa, KOrjJa MPOUCXOAUT pa3pyllieHne TOPHOro MaccuBa BOJIU3U
BbIPA0OTKM, HACTYyNaeT IEPHOJ pelaKcalMi CBSI3aHHBIM C IepepacupeelIeHUEM
BHYTPEHHEH 3HEpPruM B pacyeTHOM 001acTH.

Hpyroif  0COOEHHOCTBIO JAHHOTO  (U3MKO-MAaTEMATHYECKOI'O  OMMCAHHUSA
TPEUIMHOBATOCTH SIBISETCA peaIn3alvs pa3Juduil BIUSHUSA HA KApTUHY HaINpPsSKCHUN
CUCTEM TpelMH OOJaJalouMX CXOXHMH XapakTepucTukamu. B kauecTse
WUTIOCTPALIMK 3TOTO TE3HCA CIEAYET PACCMOTPETh IpauKu, IIPUBEICHHBIE HA PUC. 2.
Ot rpaduKy TMOKa3bIBAIOT, KaK BIMSIET TyCcTOTa TPEHIMH Ha paclpeelieHnue
HampspDKeHU B pacueTHOM oOiacTu. Jlerko BHJIHO, YTO € POCTOM YHUCIA TPEIIMH
BJIMSIHUE TPEIIMHOBATOCTU PACTET, a Ipaduk BblNonaxkuBaeTcs. TakuM oOpa3om, yem
MEHBIIE YUCIIO TPEIIUH, TEM CIIOKHEE XapaKTep MX BO3JICHCTBUS HA PACIpPEACICHUE
HanpspKeHu. 13 Bcero BbIIIE CKa3aHHOI'O, CIIEAYET BBIBOJ, YTO C POCTOM 4YHUCIIA
TPEIIMH, B YIEIbHOM 00beMe, UX MOKHO OINUCHIBATH B BUJE MPOCTOrO MapameTpa, a
C YMEHBIIIEHUEM UX YUCIa CIEAYET NIEPEXOIUTh HA MAKPOMOIAEINPOBAHUE.
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MNpuBeaeHHbIe HanpAXKeHUA

Puc. 2. Bruanue paznuunsix cucmem mpewjur Ha NPOYHOCMHblE XapaKmepucmuKy
nopoowi: a — yucio mpewur 15 na 0,1 m; 6 — yucno mpewun 20 na 0,1 m;
8 — uucio mpewur 5 Ha 0,1 m

Oco0eHHOCTH y4yeTa NMPOCTPAHCTBEHHOW OPHEHTAIMM CHUCTEMBbI TPEIMH.
[Ipu onucanuu MoOBEeACHUS CUCTEMbl TPEIIMH BHITIOJTHEHHOM B BHUE ypaBHEHUS (7)
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HE YUUTBHIBAETCSl OPUEHTALIMSI TPEUIUH B IPOCTPAHCTBE U, CIEA0BATEIbHO, H3MEHEHUE
MEXaHUYECKUX XapaKTePUCTHUK MOpPOAbl B JAHHOM cllydae HMMEET OJMHAKOBYIO
BEJIMYMHY HEU3MEHHYIO B JII000M U3 BRIOPAHHBIX CUCTEM KOOpPJIUHAT.

ObecnieueHre BO3MOXKHOCTH y4eTa TPEUIMHOBATOCTH, KaK HEJTWHEWHON
XapaKTepUCTUKU TOPHOM MOpPOJbl, TpeOyeT paccMaTpuBaTh pacyeTHYIO0 00J1acTb
BBIYHMCIUTEIBLHOTO JKCIEPUMEHTa B BHUAE 00beMHOro oObekTa. B 3TOM 0O0BEKTE
MOXXET CYIIECTBOBaTh HECKOJBKO CHUCTEM TpEIIMH, KOTOpble MOXET ObITh
OpPUEHTUPOBAHbI, KAK BJIOJIb OJTHON U3 OCEl CUCTEMbI KOOPJUHAT pacyeTHOM 0bnacTu,
TaK ¥ 0]l KaKUM Obl TO yrioM K Hei. COBOKYMHOCTb TAKUX CUCTEM TPEILHH CIEIyeT
OOBEUHATh B €AUHYI0 CHUCTEMY HUCXO0As U3 ONU30CTH T'E€OMETPUYECKUX U
MEXaHUYeCKuX TMoka3zaTteneil. I[lockonbKy Tpu BBIMOJIHEHUU pacyeTa Mpolle
ONEepUPOBAaTh MOKA3aTENsIMHM, CBS3aHHBIMU C OCSMU TIJI00AIbHOM CHCTEMBI
KOOpJIMHAT, TO CIEIYyeT CIPOEIUPOBATh CHUCTEMY TpeluH (e€ MeXaHUYecKue
nokazarenu) Ha 3TH  ocu. C »3TOM 1enbl0 HMCHONB30BAIUCH adUHHBIE
npeoOpa3oBaHus

myp myp omz omyg (P (O
myy mpy mp3 mys | Pyl |0

¢ m3y myy myy myg | P| | Q| ®

0 0 0 1 1 1
rie P,Q - KoOpAWHATHl HAYaJlbHOW M OTOOpPaXKEHHOW TOYKU B TPEXMEPHOM
npoctpancTBe; M - wmarpuna adduHHOro mpeoOpa3oBaHUsS B TPEXMEPHOM

IIPOCTPAHCTBE.

Cama npupoja TpeIMHOBATOCTH U MPUMEHSAEMbIH MaTeMaTHYECKUH ammapat
MO3BOJISIIOT ~ OTPAaHUYMTBHCS TMPU TPOBEACHUM PACUYETOB TOJIBKO MAaTpULIAMHU
AJIEMEHTApHBIX IMOBOPOTOB OTHOCHUTEIBHO OCEl KOOpAMHAT. Takue mpeoOdpa3oBaHus
JUTSL KQXKI0M U3 KOOPAMHATHBIX OCEH UMEIOT CIEAYIOIUMA BT

1 0 0 0
10 cos(f) —sin(B) 0
Ri(p)= 0 sin(8) cos(8) O
0 0 0 1
cos() 0 sin(B) 0
o 1 0 0 ©)
Ry(ﬂ): —sin() 0 cos(B) O
0 0 0 1
cos(f) —sin(8) 0 0
B sin(8) cos(B) 0 0 .
R(B)=| ", 0 1 of
0 0 0 1

rae Rx,Ry,RZ - MaTpullbl TMpeoOpa3oBaHMs IMOBOpPOTa JJIsi oced x, y U z,

COOTBCTCTBCHHO, ﬂ - yroJ Ha KOTOpBIﬁ CJICAYCT BBIIIOJTHUTD ITIOBOPOT.
HpI/I HaJIMYUU HCCKOJIBKUX CHCTCM TpPCUOIMH B paCCMATPUBACMOM TOpPHOM



119
MAacCHUBE UX CIENYET paccMaTpUBaTh KaK COBOKYITHOCTh OJHOTHMIIHBIX IOKa3aTeseu
BIMAIONIMX JpPYyr HAa Jpyra HCXOAsd U3 NpUHUMIA cynepno3uuuu. Toraa
«POJACTBEHHBIE» CHUCTEMBI TPELIMH, TO €CTh TAaKHE€ CHUCTEMBI TPEIIMH, KOTOPBIE
OPUEHTUPOBAHBl B MPOCTPAHCTBE MOJ MalbIMH yIJaMd APYr K Jpyry, OyayT
paccMaTpHUBaThCS KaK OJIHA CHUCTEMa TPEIIMH ¢ KOMOMHHUPOBAaHHBIMH MOKA3aTEISIMU.

BeiBoabl.  Taku  00pa3oM,  CTAaHOBHUTCS  BO3MOXKHBIM  IPUMEHSTH
MaTeMaTHYECKUI anmapaT MEXaHUKH CIUIOIIHOW Cpeabl I MPOBEICHHS PACUYETOB
IIPOYHOCTHBIX XapaKTEPUCTUK IOPOJ FOPHOTO MAaCCHMBA B HEJIMHEHMHON MOCTaHOBKE
10 9rana o0pa3oBaHMs MAaruCTPaldbHBIX TPEIIMH U CIABMXKEHUS OOpa30BaHHBIX
MOPOAHBIX OJIOKOB B MOJIOCTh BbIPAOOTKU. JlanbHeilire BBIYMCICHHS POU3BOIATCS
TOJIBKO C MTPUBJICYEHUEM METOJOB PELICHHS 3a/1a4 MEXaHUKHU Pa3pyLICHUSI.

B pe3ynprare momydyeHa  MOJENb  BO3JICUCTBUSA HAa  MEXaHUYECKHUE
XApaKTEPUCTUKU TOPOJ TOPHOTO MACCHMBAa COBOKYIHOCTH CHCTEM TpPEIIMH MpPH
MIPOBEJEHUN BBIYUCIUTENBHOTO KCIIEPUMEHTA PU HEJIMHEWHOW NOCTAaHOBKE 3aJa4M
B TPEXMEPHOU pacyeTHOU 00IaCTH.
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