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P.K. XankeueB

INEPKO/TALIHOHHAA MY/IbTHPPAKTA/IbHAAA
MATEMATHYECKAA MOAE/Ib PASPYIIEHHSA
’KHAKOCTbCOAEP?KAILETIO ITOPOAIHOI'O MACCHBA
KAK OCHOBA A/Td ITPOrHO3HPOBAHHA

CXOJA OITO/13HEH

PaspaboraHa MaTeMaTHuecKas Moderb, O3BO/IIOMAag HCC/IeA0BaTh MOGOH KUAKOCTh-
conepKallMi MOPOAHBIN MacCHUB Ha IpeaMeT peasiu3allii AHHaMHYeCKHUX MPOSB/IeHHUH
B BHze ortos3Her. [ lopor nepKo/IsLmMyu B IaHHOH MoJe/H CBA3aH C AehOpMallMOHHBIMH
CBO¥ICTBaMH U (hOPMHPOBaHHEM I10/I51 HalPSXKEeHHUH B UcC/aeayeMoM OObeKTe.
KmroueBble c/10Ba: Moderb, MepKOAALNs, paspyileHHe, 1o/e HalpsKeHHH, ro/e AaB-
7IeHUH.

pabote [1] mpeacrarneHsl MaTeMaTU4YeCKHEe MO/enH, MO3BO/IAIONME OIpe-

[leNUTh HAIPsKEeHHO-1ePOPMUPOBAHHOE COCTOSIHUE MOPOAHOrO MacCHBa
Kak IMMPUPOAHOTO MY/IETUQPAKTa/IbHOIO 0ObEKTa, CoAepKallero BK/AIUEHUS C IPYIl-
MOM HEUyBCTBUTE/BHOCTH, COBIaJakollell ¢ YHUMOAYIspHOM rpymmnoi. Mcnonbays
AaHHbIe PaboThl, pa3paboTaeM MepKO/ALMOHHYIO MaTeMaTHUECKYIO Mo/1erb, [I03BO-
ASIOMYVIO OIpeaenvTb, Ge30maceH MU UCCIeYeMblit KUAKOCTbCOAePKAIIME TOPOo-
HBIA MacCUB MO TPeOGOBaHHIO K peasv3allMi AUHAMUUYeCKOro MpOsB/IeHUs B BUIE
onorn3Hs. [ 1ockobKY paccMaTprBaeMbiii OObEeKT UCC/TIeI0BaHM OTHOCUTCS K K/1acCy
TPYAHOOPMAM3YeMbIX, TO paspaboTKy MaTeMaTU4YecKoi Moaeny GyaeM Mpor3Bo-
[UTh B a/ITOPUTMUYECKOM BU/IE, MCIO/b3ys HoTaumio /1. Kuyrta [2].

Anroputm A,

A, 1. [TTponymepoBaTh Kaxza0e ONO/I3HEBOE Te/l0 B KUAKOCTbCOACPKAIIEM MO-
poaHoM MaccuBe). Ompenenuts OMo3HeBbie Te/la B COCTaBe MCCICAYEeMOro MKHI-
KOCTbCO/ZIepKalllero MopoAHOro MaccHBa. KaxaoMy OrmossHeBOMY Tenny MPUCBOMUTH
HoMmep oT 1 1o N, rae N, — oblliee KOMMYECTBO OMO/3HEBLIX Te/l B UCC/IeayeMOM
JKHUAKOCTbCOAEPKAllleM MOPOAHOM MacCUBe.

A, 2. [i«1]. CueTunky j oros3HeBbIX Te/l B UCC/ICAYeMOM XKHUAKOCThCOAePKAIIeM
[IOPOAHOM MacCHUBe NPUCBOMTL 3HaueHue, paBHoe 1.

{larn 3—-39 onpenensioT, peanru3oBasioCh M HEOOXOAMMOE YC/IOBUE /IS TIPO-
SIB/ICHUS /TOKA/TbHOM M T71006a/1bHOM HEYCTOMUYUBOCTH j-TO OTIO/I3HEBOTO Tera. }

A, 3. [[TocTponTs TpexmMepHyIo MepKO/IALMOHHYIO PEelleTKY, COOTBETCTBYIOMYIO
00/1acTy PacTArMBAIOIIMX HAIIPSZKEHWH j-TO Oron3HeBoro Tenal. [las vccneayemo-
ro j-TO OIO/I3HEBOTO Te/la ONpenenuTs 06/1acTh YaCTUYHO PACTSrMBAIONIMX Harlps-
kenuit. Pasbuts nonyueHHyio 06/1acTh Ha OAWMHAKOBBIE KYOUKH, OObeM Kamkaoro
M3 KOTOPBIX paBeH cpeaHeMy oObeMy 3epHa O6/1acTH PacTATMBAIOIIMX Harps-
KEeHMH.

A, 4. [Onpenenuts anements MHOXecTBa R]. [lns kaxaoro ky6uka s uccnenye-
MOM TpeXMepHOM MEePKO/ALIMOHHON PelleTKU COIIOCTaBUTh MapaMerp r = (X, v, z, A)
rae X, Y, Z — KOOpAWHATHI LIeHTpa KYOHKa; A — MHAVMKATOP Pa3pylleHs, onpeaerns-
eMbIl creayiouM o6pasom:
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- 1, ecan Ky6UK paspyiieH
0, BMpPOTHBHOM c/1yyae

B pesynrrate nonyunm MHOxectBo R = {r, r,,... r.} (n — obuee KommuecTBO
KYOHMKOB B pacCMaTpUBaeMOM pellleTke), OMMCHIBaollee pacCMaTpUBaeMyiO Tpex-
MEPHYIO MePKO/ALIMOHHYIO PelleTKyY.

A,5. [Ompenenuts noamuoxectsa G,, G,,... G, mHoxectsa R|. Pasnenuts pac-
CMaTpUBaEMyIO0 TPEXMEPHYIO MepKO/ALIMOHHYIO PelleTKy Ha COBOKYITHOCTL C/I0eB

napa/ienbHbIX 710CKOCTU ZOX, onuchiBaeMyio roaMHoxecTBaMu G:
G ={r:y=b}l,reR/i=1.k;

rae b, — Habop 3HaueHMi, YKas3blBAIOUIMX COOTBETCTBEHHO Ha KOOPAMHATHI LIeHTPa
Kybuka no ocy OY; k — konmuecTBo cr10eB B Harpab/ieHuu Iziockoctu ZOX B pac-
CMaTpHBAEMOM TPexXMepHOM TepPKO/ISALMOHHON pellieTKe, COOTBETCTBYIOIeH 0b6/1a-
CTY YaCTUYHO-PACTAMBAIONINK HAIPAKEHUI.

{lLlarn 6-13 onpeaensitoT MOPOr IMEPKOISALMH BAOMAb CKAOHA B KCCAEAYEeMOM
TpexMepHO! pellieTke, COOTBETCTRYIONIeH 06/1acTH YaCTUYHO-PaCTATMBAIOIIMX Ha-
MPsSKEeHUI}

A, 6. [P«0,01]. BeposTHocTu paspyuenus P, 3epHa ¢ Harno/HeHHOM KUAKOCTBIO
MOPO¥ B 00/1aCTH PACTAMMBAIOIIMX HAIPSXKEHWI [TPHUCBOUTH 3HadeHue, pasHoe 0,01.

A,,7. [i«<-1]. YcTaHOBUTL CUeTUMK i KO/IMUEeCTBA MOAMHOXKECTB PaBHbIM 1.

S [[lns 1ByXMepHOM pelleTKH, OMMCchiBaeMoi NnoaMHoxectBoM G, mpousse-
CTY KOMIIBIOTePHBIN 3KCIepUMeHT). [1por3BecTr KOMITBIOTepHBIN 3KCIIEPUMEHT /1S
ABYXMEPHOM DeIIeTKH, ONMChIBaeMOol MOAMHOXecTBOM G.. DTOT 3KCNepHUMEHT 3a-
K/I0YAeTCA B C/IeAYIOLIeM.

Buauane Bce KBaapaThl pacCMaTpUBaeMON ABYXMEPHOM MEepKO/ALMOHHON pe-
eTKH YCTaHOBUTH B COCTOSIHME «CBOOOAHO OT TPeUIMHBI» U 3aKPacUTh B Gerlbiit
user, rpu atom 1, = f(r,, 0), h = 1...k, r,eG, f{r,, 0) — cbyHKLMA, BO3BpalmaOmas
371eMeHT I, C MpHCBaMBaHWeM MHAWMKATOPY PaspylleHHs A 3TOTO 3/1eMeHTa 3Haue-
Husi, paBHoro 0.

[anee, ans Kaxa0ro KBaapaTa U3 pacCMaTpHUBAEMOM PeIleTKU ¢ TTOMOIIBIO F'eHe-
patopa paBHOMEPHO paclpee/ieHHbIX CAYJalHBIX YKMcell CreHepupoBaTh Caydari-
Hoe uncno P ot 0 no 1. Eciv nonyyeHHoe 3HaueHre P okaxkercss MeHblle BeposiT-
HOCTM pa3pyuieHus Py, To KBaapaT NepexoanT B COCTOSIHUE «3aHATO TPeIMHOM 1
3aKpallvBaeTcs B UepHsli Lset, npu atoM r, = fir,, 1), u = 1...k, r G, flr,, 1) -
(bYHKLMA, BO3BPALIAIONIas 37IeMeHT I, C MPUCBaKBaHKeM MHAMKATOPY paspylleHHs
A 3TOTO 3/1eMeHTa 3HauyeHus, paBHOro 1. B mpoTuBHOM c/iydae, KBaapaT COXpaHSeT
CBOE COCTOSIHME — «CBOBOIHO OT TPEIIMHBD.

A,9. [B nByxmepHoOIt pelleTke, ONMMCHIBAEMO MOAMHOXKeCTBOM G,, CyliecTByeT
6eCKOHeUHbIH KnacTep BAOMb CKaoHa?]. MccnenoBats aneMeHTsl noamHoxectsa G,
Ha Mpe/MeT Hamu4uus 6eCKOHeUHOro KiacTepa BAO/Ab CKaoHa. Ecau Takoi Kaactep B
ABYXMepHOM pellleTKe, OMMChIBaeMOM MOAMHOKeCTBOM G,, CYLIeCTBYeT, TO MeperTH
K mary 10, uHaue K mary 13.

A, 10. [i<k?]. Ecim cueTurk i KonmyecTBa MOAMHOMXKECTB MeHblle K, TO NeperTH
K mary 11, vHaue K mary 12.

A, 11. [i<i+1?]. YBenuuth cueTurk i KonmyecTsa NoaMHoxecTs Ha 1. [eperitn
K mary 8.

A, 12. [P.,«P,l. Tlopory nepkonsumu P, BAOIb CKIOHA MPUCBOWTb 3HaUEHHe
BepOATHOCTU paspyienus P [Nepeiitn x mary 14.

365



A, 13.[P, <P +0,01]. YBemruuts BeposTHOCTb pa3pyimenus P, na 0,01. [epeit-
TH K mmary 7.

{larn 14-37 onpenensioT Tekyllee 3HaueHHe BePOATHOCTH paspyuenus P, B
Hccrie[yeMoi TpeXMepHO MepKO/MALIMOHHOM pellleTke, COOTBETCTBYIONIEeH 061acTH
YaCTUYHO PaCTATMBAIONIMK HaMPAKEHUM OIMO/I3HEeBOro Te/a)

A, 14. [Py, <0]. Tekymemy sHaueHHIO BEPOATHOCTH paspylieHus P, mpucso-
WTb 3HaueHHe, paBHOE 0.  (xp-upn)

A, 15. [Ol‘[peﬂe[II/ITb < p >]. Onpenenntb CpeaHIO BeMUUMHY AaB/ICHUS

(>KB-upH)

< p > B HAaIO/HEHHBIX XHIKOCTBIO MaKPOBK/IIOUEHHUAX O61acTH YaCTHYHO

PACTATHMBAIONIMX HArPsZKEeHUH.

{3meck u nanee coueraHue «-UpH» B MIOMETE MapaMeTPOB, TeH30POB U (PYHKLIMIA
YKasblBaeT Ha TO, UTO OHU XapaKTePHU3YIOT OOBEKThl B O6/1aCTH YaCTUUHO PaCTAru-
BAIOIIMX HAIPSKEHUH. |

A, 16. [q,<0]. IprcBouTs KOMMUYECTBY COCTOAHHMIA q,, TPH KOTOPBIX MPOHCXO-
[OWT pa3pylleHre 3epHa C MOPOo¥ MOCPeACTBOM IM0/Is HAIPSAKEHU, 3HaUeHHe paB-
Hoe 0.

A, 17. [qz<0]. TprcronTs KOMMUECTBY COCTOAHUH qy, MPU KOTOPBIX MPOHCXO-
[WT paspylleHye 3epHa IoCPeACTBOM 10718 AaBAeHWH, HY/IeBOe 3HaueHue.

(efm-upH) (efms-upH) (efmt-upH) (eftmf-upH) (eftmq-upH)

A, 18. [Onpenenunts c, ¢, Cc , C , C ] C novombo
MYABTH(PPAKTa/IBHBIX MaTeMaTHUYeCKHX Mo/eriel, IpuBeaeHHbIX B padorte [1], ornpe-
nennTb 3pPeKTUBHBIE TeH30Pbl MOAY/IEH YIIPYroCTU 06/1acTH YaCTHUHO PacTATHBa-
IOIIMX HaITPSKEHU B LIe/IOM M COCTAB/SIOIIMX ee reoMaTepHarion.

(tmf-upH) (tmq-upH)

A, 19. [Onpenemute @ (x-x) u @ (x-x')]. Onpenennts HYHKLMIO
(tmq-upH)

® (x-—x'), 3adaBUIMCh KOHKPETHON MOe/bIO C/IYYarHOTO 1071 HeOAHOPOAHO-
CTelt B BU/Ie TOPHBIX TMOPO/ B Cpesie, COOTBETCTRYIONICH 06/1acTH YaCTUYHO PacTs-
TMBAIONIMX HAIPSKEeHWH OTO/3HEBOro Tesla. AHa/IOTMYHBIM 0BPasoM OIpee/iTh

(tmf -upH)
dyHrIMIo DO (x —X).
(0tmq-upH) (0tmq-upH)
A, 20.[Onpenenuts o ]. OnpenenuTs BHelllHee Mo/le HAMPSKEHU G,

ﬂePICTByIOmee Ha 06/1aCTh YaCTHUUHO PaCTArrMBaroUIrx HaI'IpH}KeHI/II;I OITO/I3HEBOI'O Terla.

(0tmq-upH) (nf-upH) (nf-upH) (1nf-upH) (nf-upH) (nf-upH) (1nf-upH) -1

6 [u«| C |I+ B - C < C |1+ B .- C >1y

(nf-upH) (nf-upH) (1nf-upH)\~ (nf-upH) (1nf-upH) -1

><<CI+B-C ><I+B-C >1y

(tmf-upr) (Ltmf-upr)) "t 1 ltmf-upr) (tmf-upH) -1
I+ H. C - 1+—j K (x-x)- ©® (x-x)dx'| x
n
(tmq-upH) (1tmg-upH)\~ tmq 4pH) (tmg-upH) -1
I+ H JI+= J- (x-x @ (x-—x)dx'| x
(eftmq- upH) -1 (nf-upH) (Otmq-upH) (0tmg-upH)
x C o W, mpuu=1..w; o <«AVGl o [1,..,q].
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(upH)
A, 21. [Ompenenuts o ,]. Onpenenuts Ans 3epeH W3 06/1ACTH YACTUYHO Pac-
(upH)

TATHBAIONIMX HAIPSAKEHNUH Ipesien MPOYHOCTH G , Ha pacTskeHue.
A, 22. [p<0]. Tpucsouts yray ¢ sHayeHre pasHoe 0.
A 23 [0<-0]. I'NpucBouTts yray O sHayeHre pasHoe 0.
A 24. [y<«-0]. I'pucBouTts yray y sHaueHve pasHoe 0.
(nf-upH)
A, 25. [Onmpenenuts o (¢,6,y)]. Onpenenmts 3HaueHHe TeH3Opa HaNpsxKe-
HUM B 3epHe Ha OCHOBE C/Ie/IYIOIIero BhIparkeHHs:

(nf-upH) (nf-upH) (nf-upH) (1nf-upH) -1 (nf-upH)
o (0,6y) C (p.0y)|I+ B - C (96,9)| < C (9,0,y)x
(nf-upH) (1nf-upH) (nf-upH) (nf-upH)
[n B . C (@,e,w)) >1<C (p,e,\y)[l—i- B x

(1nf-upH) (nf-upH) (1nf-upH) (tmf-upH) (1tmf-upH) -1
x C (p,@\y] ><[1+ B . C ((p,@,\y)j >1. (1+ H . C j x

(tmf - qu (tmf-upH) -1 (tmg-upH) (1tmq-upH) -1
{I+ j K (x-x)- o (X—X/)dX':| ~[I+ H - C J X

(tmgq- qu (tmq-upH) -1 (eftmg-upH) (0tmq-upH)
x| [+= _[ K (x-x) & (x-x)dx'| - c
(nf -upH) (nf -upH)
A26. [ oy (0,6,¥)20, wnm 033 (0,0,y)>0,?. Ecim  komronenta

(nf -upn) (nf -upn)
Gy (0,0,y) unn o35 (9,0,y) npesblaer way paBHa rpeaeny MPOYHOCTH 3epHa
o, Ha pacTskeHue, TO MepedTH K wary 27, nHadye K wary 28.

A, 27. [q,«<q,+1]. YBenmunthb uncsio cocTosHU g, Ha 1.
(upH)
A,,28. [Onpenenuts none nasnennit p &’ B 3epHe ¢ opueHTauMed (@, 6, y)].

(apH)
Onpenenuts p &' B 3epHe ¢ opueHTauMert (¢, 6, y) Ha OCHOBe C/IeAyIOLIero Bbl-

PaxKeHH4d:

(upH) j - (nfm-up H)klpq — (nf- qu)pqmn -1
p &8(,0,y) < p ™| "+ B pol C "™(e,0,y) || x

(nf-upH) nsd ~ (nf-upn)
X C ((pa e W) Gsd ((pa 97 W)

(upH) 1 (4pH) (upH)
A29 [ p > T 6 »?. Ecim nmaBnenne p B rnope, Haxoasieics B 391?}19) C
4pH

opueHTalmeit (¢, 0, y) Gonbue 1/5 oT npenena MPoOYHOCTH Ha pacTAXKEHUE G p,
TO mneperitv K mary 30, uHaue K mary 31.

A,,30. [qg<—qy+1]. YBeanuuts urcno cocrosHuit g, Ha 1.

A, 31l. ly = 2n?]. Ecnn y = 2x, To nepeiitu K mary 33, nHade K mary 32.

A, 32. [y«y+n/12]. YBenuuuts Bennuuny yraa y Ha n/12. Iepeiitu k mary 25.
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A,,33. [0 = 2n?]. Ecn 6 = 2x, To nepeiity K mary 35, uHave K mwary 34.
A, 34. [0<-6+1/12]. YBennunts Benmunny yraa 0 Ha 1/12. Ilepeiitu x mary 24.
A, 35. [¢p = 2n?]. Ecim ¢ = 2, To niepeiity K mary 37, uHade K mary 36.

Glel36. [o<—@+7r/12]. YBenuuuts Benvumny yraa ¢ Ha ©t/12. [Nepetu k mary 23.

d, +4g
A, 37. [Py, « -2—F . -4 B ]. Texymemy 3HaueHWIO BePOSTHOCTU paspyieHus P

ds +ds (

s
TIO/THEHHON XKMAKOCTBIO TIOPOYM B paMKax pacCMaTpHBaeMOro a/lfTOpHUTMa pPaBHO

13 824).

A, 38. [Py <P.,?]. Ecnu Tekyimas BepoaTHOCTb paspyuienus P, MeHblie nopo-
ra repkonsaumu P, BAoAb ckoHa, To NMepeiTy K mary 39, uHave K mary 40.

A, 39. [BeBoa: «Ha MoMeHT uccrenoBaHus, j-e OMOMA3HEBOe Telo B MCC/Iely-
eMOM KHAKOCTbCOAEpKallleM MOPOAHOM MaccHBe 0e30racHO Ha MpeaMeT cxoaa
ononzus]. [lepeitu K mwary 75.

{llarn 40-74 onpeaensiioT, peanrsoBasioCh /M A0CTATOUYHOE YCIOBHe A/1s MPOo-
SIB/IGHHUS /TOKA/IbHOM U T7100a/bHOM HEYCTOMUHMBOCTH j-TO OTO/I3HEBOrO Tera. }

A, A40. [TocTpouTb TpexMepHYIo NepKO/IALMOHHYIO PelleTKY, COOTBETCTBYIOMYIO
OCHOBaHMIO OG/1aCTH CKHMAIONIMX HaIPsAXKEeHWH j-To oron3Heroro tenal. [las wvc-
ClelyeMoro j-ro OIO/I3HEeBOIO Te/sla Ollpeae/Th OCHOBaHWe 06/1acTU CKHUMAIOLIHX
HarpsixkeHud. Pas3buth rnoayueHHyio o061acTh Ha OAWMHAKOBbie KyOuKHU. [Ipu atom
0o6beM KaKaoro TaKoro KyOWKa CUMTaTh PaBHbBIM CpeaHeMy 0ObeMy 3epHa 06/1acTH
CXKUMAIONINX HaTPAKEHU.

A, A1l. [Onpenenuts snemenTsl MHOKecTBa R]. /lna kaxnoro Ky6uka us uccieny-
eMoi1 TpeXMepHOM MepKO/SALIMOHHOMN pPellleTKH COMOCTaBUTh rapamerp r = (X, v, z, A)
rae X, Y, Z — KOOPAWHATH LIeHTpa KYOHKa; A — MHAWMKATOP pa3pylieHus, ornpe/erns-
eMbIli creayionivM o6pasoM:

INPUCBOXWTb3HaUYeHre UK C/10 BO3MOXKHBIX COCTOSIHHM S OT/Z1e/IbHOTO 3epHaCHa-

- 1, ecan Ky6HK pa3pyiieH
0, BmnpoTHBHOM cayyae

B pesynsrate nomyunm MHOXecTBO R = {r,, r,,... r.} (n — obllee KonM4yecTBO
KYOHMKOB B pacCMaTpUBaeMOM pellleTke), OMMChIBalolllee pacCMaTpHUBaeMyio Tpex-
MEPHVYIO MEePKO/IALIMOHHYIO PelIeTKY.

A, A2. [Onpenenyts noamMHoxectBa Q, Q,,... Q MHoxecTBa R]. Pasnenuts
paccMaTprBaeMyio TPeXMEepPHYIO MePKO/ALIMOHHYIO PelleTKY Ha COBOKYITHOCTb C/10-
eB mapasnnensHbix n1ockoctd Z0X. KaxkaoMy TakoMy C/I0K0 COMOCTaBUTh MOAMHO-
KeCTBO ()

Q ={r:y=blreRi=1.m,

rae b, — HaGop 3HaueHM, YKa3bIBAIOUIMX COOTBETCTBEHHO Ha KOOPAMHATHI LIeHTpa
KyOrKa o oct OY; m — KOMMUeCTBO C/I0eB B HampabaeHuu rnockoctu ZOX B pac-
CMaTprBaeMol TpexMepHO! MePKO/ISIIMOHHON pellieTke, COOTBETCTBYIOIeH OCHO-
BaHUIO 00/1aCTH CKUMAIOIIUX HATTPSKEHUIA.

{llaru 43-50 ompenensOT MOPOT MEPKOASLIMU B BePTHKA/ILHOM HarpaB/IeHUN
Q7151 VICC/IeIyeMOM TPeXMEepHOM pellleTke, COOTBETCTBYIONICH OCHOBAHMWIO O6/1acTH
YaCTUYHO-PACTATUBAIONINX HalPsSKeHU}

A, A43. [P.«<0,01]. BeposatHocTu paspymenus P, sepHa ¢ Haro/HEHHOM XHAKO-
CTBIO TIOPO¥t B OCHOBAHHH 06/1aCTH CRKHUMAIOIIMX HaIPAKEeHUE TTPUCBOUTL 3HaUeHH e,
paBHoe 0,01.
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A, A4. li<—1]. YcTaHOBUTD CUETUMK i KOMMYECTBa MOAMHOKECTB PABHbIM 1.

A, A5. [[lns nByxMepHO¥ pelleTKH, ONHChIBaeMOH MOAMHOXKeCTBOM (2, MPOH3Be-
CTU KOMIIBIOTePHBIN 3KCrepuMeHT). [1pon3BecT KOMITBIOTePHBIN 3KCIIEPUMEHT /151
OBYXMEPHOM PelIeTKH, OIHChIBaeMOM MOAMHOXKECTBOM ().

{cM. mar A, 8}

A, A46. [B 1ByxMepHO# pelleTke, OMMCEIBa@MOH MIOIMHOKECTBOM (), CylIecTBYeT
BepTHKa/IbHEIM GeCKOHeuHblH KnacTtep?]. Mccnenosath anemMenTsl noaMHoxecTsa
Ha TIpeaMeT Ha/lnuusl BePTHKa/IbHOTO OECKOHeUHOTO Kraactepa. Ecau takor kaactep
B ZIBYXMEPHOM pellleTKe, ONMChIBaeMOi MOAMHOKECTBOM (), CylecTByeT, TO Mepe-
vTH K mary 47, vHaue K mary 50.

A, A7. [i<m?]. Ecim cueTumk i KonmyecTBa MOAMHOXECTB MeHblle m, TO NeperTH
K mary 48, uHaye K mary 49.

A, A8. i«-i+1?]. YBemunTs cueTurk i KomuecTBa noamMHoxects Ha 1. [Neperitn
K mary 45.

A, A49. [P <Py Topory nepkonsumu P, B BepTUKa/bHOM HalpaB/eHUH ITpH-
CBOMTb 3HaUeHHe BepPOATHOCTH paspyuenus P.. epeitn k mary 51.

A,,50. [P.«P+0,01]. YBenmuuts BepoaTHoCTb paspyienus P, Ha 0,01. Tepeit-
TH K miary 44.

{llaru 51-74 orpenensiOT Tekyllee 3HaueHHe BEPOATHOCTH paspyuieHus P B
vccreayeMor TpexXMepHOM MepKO/SLIMOHHON pellleTKe, COOTBETCTRYIONIeH OCHOBA-
HUIO 06/1aCTU CKUMAIOIIMX HAIIPSXKEHHI OIMO/I3HEeBOro Tera)

A, 51. [P,.«0]. Texymemy 3HaueHHIO BePOATHOCTH pa3pyueHus P, nprcBonTs
3HaueHue, paBHoe 0. (sxB-0cH)

A, 52. [Onpenemnts < p >]. Onpenenuts CpeaHIO Be/MMYMHY AaB/IeHUs

(xB-0CH)
< P > B HalO/THEHHBIX KUIKOCTHIO MAKPOBK/AIOUEHHUSX B OCHOBAHHUK OB/1acTU
CHUMAIOLINX HAIIPSAKEHUH.

{3meck u nanee coueraHue «-OCH» B rOMeTe MapaMerpoB, TeH30POB U (PYHKLIMIA
YKasblBaeT Ha TO, UTO OHMW XapPaKTePHU3YIOT OOBEKThl B OCHOBAHWH OG/1aCTH CKUMa-
IOIIMX HaIpPsAKeHMI. }

A,,53. [qz<-0]. TIprcBoUTb KOMMUECTBY COCTOSHMI ]y, TPH KOTOPHIX MPOMCXO-
[WT paspyllieHre 3epHa MMoCpeACTBOM 10711 AaBiaeHWH, 3HaueHue 0.

(efm-ocH) (efms-ocH) (efmt-ocH) (eftmf-ocH) (eftmq-ocH)

A, 54. [Onpeperyuv C , C , C , C , C | C nomomsio
MY/IETU(DPAKTA/IBHBIX MaTeMaTUYeCKUX MO/eried MPHUPOAHBIX MY/IETU(PaKTa/IbHBIX
OOBEKTOB OTHOCHTENBHO AePOPMALIMOHHBIX CBOMCTB U MO/eH HarpsxkeHui [1]
ornpeneniTs 3pdeKTHBHbBIe TeH30Ph MOAY/IEH YIIPYrOCTH OCHOBAHHWS OB/IaCTH CXKH-
MalOIMX HAMpPsKeHHI Kak 11e/I0r0 U COCTAB/ISIONINX ero reoMaTepHasioB.

(tmf -ocH) (tmg-ocH)

A, 55. [Omperenuts @ (x-x') u @ (x-x'). TNocrpouts yHKLKIO
(tmg-ocH)

® (x-x'), samaBumch KOHKPEeTHOM MO[enblo C/IY4arHOro Io/s HeoAHOPOa-
HOCTel B BHe TOPHBIX MMOPOA B Cpede, COOTBETCTBYIOICH OCHOBaHHIO 061acTv

CKHUMalollnx HaI'IpH?KeHI/Iﬁ OITO/I3HEeBOro Teria. AHa/IOFI/I'-IHbIM o6pa30M TIOCTPOUTDH
(tmf-ocH)

bynkimio @ (x —x).
(0tmg-ocH) (0tmg-ocH)
A, 56.[Ompenenuts ¢ |. OnpenenyTs BHelllHee o/le HAMPSXKeHUt G,
[IeHCTBYIONIee Ha OCHOBaHHe OO6MacTh CHUMAIOUIMX HAMpPSAXKEHWM OMO/I3HEeBOTo

Tena.
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(Otmgq-ocH) (nf-ocH) (nf-ocH) (1nf-ocH) -1 (nf-ocH) (nf-ocH) (1nf-ocH) -1
o [u«| C |[I+ B - C < C|I+ B- C >y
(nf-ocH) (nf-ocH) (Inf-ocH)\~ (nf-ocH) (1nf-ocH) -1
x< C |I+ B - C ><I+B-C]>1
(tmf-ocH) (1tmf-ocH) -1 1 (tmf -ocH) (tmf-ocH) -1
x\I+ H - C : 1+—j K (x-x)- @ (x—x)dx'| x
n
(tmqg-ocH) (1tmg-ocH) tmq OCH (tmq—OCH) -1
I+ H - C T+ = j ®  (x-x)dx'| x
(eftmq-,OCH) ! (nf-ocn) (0tmg-ocH) (0tmg-och)
X C 9 [Ll] ,TIpU U = 1W’ o (—AVG( (e} [1,,q])

(ocH)

A, 57. [Ompenenvts o ,]. OnpenenuTs A71s1 3epeH U3 OCHOBaHHUA 06/1aCTH CXKH-
(ocH)
MaIOIIMX HalpsKeHNH rpeses NPOYHOCTH o , Ha pacTaXKeHHe.

A,,58. [p<0]. I'puceounts yray ¢ sHayeHre pasHoe 0.
A,,59. [0<-0]. Tlpuceounts yray 6 snaueHue pasHoe 0.
A, 60. [y<0]. an/ICB(OIf/ITb )ymy v 3HaueHuve pasHoe 0.
nr-ocH
A, 61. [Onpenenuts o (¢,0,y)]. Onpenennth sHaueHHe TeH3Opa HarpsxKe-
HHI B 3epHe Ha OCHOBE C/IeAVIOIIero BhIpazkeHHs:

(nf-ocH) (nf-ocH) (nf-ocH) (1nf-ocH) (nf-ocH)

c (@6y)« C (@0y)|I+ B - C (96,y) < C (¢,6,y)x

(nf-ocH) (1nf-ocH) (nf-ocH) (nf-ocH)
(n B .- C ((p,e\y)j >1< C (p,@,ql)[]—i— B x
lnf OCH) (nf-ocH) (1nf-ocH) -1 (tmf-ocH) (1tmf-ocH) -1
x (p,e\yj >. <[1+ B . C ((p,B,\y)] >-1-(1+ H j x

(tmf - OCH) (tmf- och) -1 (tmqg-ocH) (1tmg-ocH) -1
><|:I+—J. K (x-x)- @ (x—x')dx'} ‘(I+ H - C X

tmq OCH) (tmg-ocH) -1 (eftmg-ocH) (0tmg-ocH)
x| I+ (x-x") @ (x-xNdx'| - C c
(ocH)
A Glel62. [Onpenenuts none narnennt p & B3epHe c opreHTaumet (¢, 0, y)]. Or-

(ocH)
peaenutb p 8" B 3epHe c opHeHTaLMeln ((p, 0, \|I) Ha OCHOBe C/1eayiollero BblpazkeHHd:

(nf-ocH)

-1
(ocH) (nfm-oc)
p 81(([),9 W) «— polukl(lklmn+ B kipq | (p Ipqmn C pqmn((P’e’\U)jJ x

(nf- OCH)mnsd -1 (nf-ocH)
x| € "0 v)] oy (9.0,y)

OCH) 1 (ocH) (ocH)
A, 063. [ p >= o p?|. Ecnn naBnenne P B nope, Haxoadllercs B 3epHe ¢
5 (ocH)
opuenTaumeit (¢, 0, y) 6onbine 1/5 oT Mpeaena NPOYHOCTH Ha PaCTAXKEHUE G p,

TO MepedTHu K iary 64, nHaye K mary 65.
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A del64. [qz<qy+1]. YBenmuuth uncno cocrosnmit q, Ha 1.

A, 65. [y = 2n?]. Ecnn y = 27, To nepeittu K mary 67, nHade K mary 66.
A, 06. [y—y+n/12]. YBennunts Benmunny yriaa y Ha n/12. Tepeity K mary 61.
A, 67.10 = 2r?]. Ecn 6 = 27, To nepeiity K mary 69, nHave K mary 68.
A, 68. [0<-6+1/12]. YBennunts Benmunny yraa 0 Ha 1/12. Iepeiitu x mary 60.
A, 69. [¢ = 2n?]. Ecm ¢ = 2, To nepeiitv K mary 71, nHave k mary 70.

A cl2170. [p<—o+1/12]. YBennuuts Benuunny yraa ¢ Ha /12, [Nepeity K mary 59.

A, 71. [P, <—q?’3]. Texymemy sHaueHHIO BepOATHOCTU paspyiieHus P , npu-

q -
CBOHTb 3Ha4YeHHe £ (‘-H/ICIIO BO3MOZKHbBIX COCTOAHHH S OTAE/IbHOIO 3e€PHa C Hallo/I-
S

HEHHOM KHAKOCTBIO MOPO¥ B paMKax pacCMaTpHUBaeMoro anropyurMa pasHo 13 824).

A, 72. [P.<P_.?]. Ecnn Tekyimas BepoAaTHOCTS paspyiieHys P, MeHblle opora
nepronAumu P, B BepTHKa/bHOM HaNpaB/eHHH, TO MepeiTy K mary 73, uHade K
uiary 74.

A,,73. [Beieoa: «Ha mMoMeHT uccrienoBanus, j-e OMNoO/M3HeBOe Te/lo B UCC/Ieay-
eMOM KH/IKOCThCO/ZIepKallleM MOPOAHOM MacCHBe Ge30MacHO Ha MpeaMeT CXoqa
onornsHs»). [lepeiitu Kk mary 75.

A, 74. [BeBoz: «Ha MOMeHT mccrienoBaHys, j-e OMori3HeBOe Terlo B UCC/eIyeMOM
KUIKOCThCOEPKAIIEM [TOPOAHOM MacCHBe HeBGe30IacHO Ha IpeMeT CXO/1a OTIO3HS).

A,,75.[i<N,?]. Ecim cueTunk j orossHeBbIX Tesl B MCC/IenyeMOM KHUAKOCTbCOAeD-
XallleM NOPOAHOM MaccHBe MeHbile N, To NepeiT K wary 76, uHave K mary 77.

A 76. [j<j+1]. YBennunth cueTyrK j OMon3HeBbIx Tesm Ha 1.

A

del
77. [Koneli]. BeinonHenve anropyutMa npekpaTUTh.

del
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PERKOLATED MULTIFRACTAL MATHEMATICAL MODEL OF DESTRUCTION OF ENHYDROUS
ROCK MASS AS A BASIS FOR FORECASTING OF A DESCENT OF LANDSLIDES

Khalkechev R.K., Doctor of Physical and Mathematical Sciences, Assistant Professor, e-mail: syrus@Iist.ru,
Mining Institute, National University of Science and Technology «MISiS», 119049, Moscow, Russia.

In the presented article the mathematical model allowing to investigate any gas-containing rock mass re-
garding realization of dynamic phenomena in the form of landslides is developed. The percolation threshold in
this model is connected with deformation properties and formation of a field of tension in the studied object.

Key words: model, percolation, destruction, field of tension, field of pressure.
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