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8.5. UuncneHHoe mogenupoBaHMe npouecca
BCNyYMBaHMA Nopopa NOUYBbI B rOPHbIX Bbipaborkax
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HYYEHUE MTOPO/ IMOYBbLI B ITIOA3EMHbIX BBIPABOTKAX

[IydeHreM Ha3bIBAIOT 3HAUYMTEBHBIE IeopMaIuu, IPOSIBISIONINECS B
BUJIC BBIJIABJIMBAHMSI TTOPOJHON MAacChl CO CTOPOHBI MOYBHI BHYTPh BBIpa-
0otku. [logHATHE MOPOA MOYBBI MOXKET JOCTUTaTh 3HAYUTEIIbHBIX BETUYHH
(Oonee 1 M) 1 gaxke MPUBECTU K MPAKTUYECKHU TOJHOW JTUKBUIAIMU BbIpa-
00TKH. B 3aBHCHMOCTH OT TOPHO-TEOJIOTHYECKHUX YCJIOBHH 3TOT IPOIIECC
SBIIIETCS TMOO 3aTyXaIOIUM, JIMOO HE3aTyXaroIIMM BO BPEMEHH.

Cy1iecTByeT HECKOJIBKO THUIOTE3, OOBSCHAIOUIUX NMPUYUHY BBIIABIU-
BaHUs MOPOJ] B TOPHBIX BHIPAOOTKAX:

- HaOyXaHue MOpoJ MO/l ACUCTBUEM BJIary;

- yBenWYeHHE oObeMa IOpOJ, B 30HE HEYNPYrux achopMarmii
BCJIEICTBHE MX TIJIACTHYECKOTO Pa3phIXJICHUS;

- BBIIUPAHUE TOPOJ| IMOJ BIUSHUEM OIOPHOTO JaBJICHUS B OOKax
BBIPAOOTKHU;

- BSI3KOE TE€UEHHE MOPOJ B pe3yjbTaTe HEPABHOBECHOTO COCTO -
HUSI MaCCHUBa B MMOYBE BHIPAOOTKHU;

- copOrnmoHHOe HabyxaHHe Ta30HACHIIIICHHBIX IOPUCTHIX CPET;

- MOTeps YNPYromiacCTU4eCKOW YCTOMYMBOCTH MOPOJ B 00JIacTU
Heynpyrux aedopmanuii u T.1.

B 3aBHCHMMOCTH OT HCIOJIB3yeMbIX (DM3UUECKUX MOJICIICH BCE METOIbI
OLICHKH SIBJICHWSI BBIIABIIMBAHMUS TIOPOJ] B TOPHBIC BBIPAOOTKH MOXKHO pasfie-
JINThH HA YETHIPE TPYIIIIHL;

- OCHOBaHHBIC Ha MPUMCEHEHUU YPaBHEHUN CTATUKH CHITyYUX CPE]
(IL.M.Iumb6apesuu [122], B.JI. Cnecapes [130] u np.);

- OCHOBaHHBIC Ha WCMOJB30BAaHUU PEOJOTHUECKUX YPaBHECHUM
(B.A. JIprtkun [131], A.IT. Makcumos [8] u ap.);

- OCHOBaHHBIC Ha YPaBHCHHUSAX TEOPHH YNPYTroIIaCTUUECKOM
ycroruuBocTH (A.H. Ilamenko [104]);

- OCHOBaHHBbIC Ha sMnupuueckux 3aBucuMocTsix (FO.3. 3acnaBckuii
[12], N.JI. Yepnsk [132] u ap.).

8.1. /laBJieHMe HA Kpelb CO CTOPOHBI MOYBbI BHIPA0OOTKH

JlocTaTouHO AE€TanbHO 3ajlaya ONpEAeNICHUs AaBJICHUS Ha KPeIb CO
CTOpPOHBI MTOYBKI BEIpa00TKHU ObLIa BrepBbie pemieHa [1.M. [{lumbapeBuuem
[122] Ha ocHOBe moaxomaa, mpemnoxkennoro K. I'epriarun. 3amada paccMart-
puBajach NPUMEHUTENIHO K MOPOJHOM cpene, KoTopas o0JajaeT BHYT-
PEHHUM TPEHUEM U JIHIIECHA CLEIJICHUS.
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[Topoasl MOYBBI B BBIPAOOTKE HArpyKEeHbI CBEPXy IO JuHUH 1-1
puc. 8.1,a HEKOTOPON BEPTUKAIBHOM HATrPYy3KOM, MOJ BIHMSHUEM KOTOPOU
IIPOMCXOJIUT BBhIJABIMBAHKE MOPOJ BHYTPb BhIpaOOTKHU. PaccMmaTpuBaeTcs
YCJIOBHE B3aUMOJCUCTBUS TpU3Mbl crion3aHus ABC (aKTUBHOE JaBJICHUE)
u npu3mel Beinupanusi ACE (nmaccuBHoe naBieHue). [Ipu aToM nomyckaet-
Cs, KaKk ObUIO OTMEUYEHO BBIIIE, UYTO IOPOIbLI Pa3phIXJICHBI U HE HMEIOT
CIICTJICHHS, a BBICOTA CTOJIOA TTOPOI, (POPMHUPYIOMIETO YCHIIHS BBIITUPAHUS
B mouBe, paBHa h1 =h + b, rme h — BeicoTa BeIpabOTKH, a b — BbICOTa CBO/A
€CTECTBEHHOI'O PaBHOBECHSI.

a) 6)

X0

Puc. 8.1. CxeMa B3auMOJICHCTBUS MIPU3M CIIOJI3aHUS U BBITUPAHUS
no [1.M. [lumOapeBuuy

3amadya pemaercs B CICIYIONIEHM MOCIeI0BaTeIbHOCTH. BHaudane
ONPEEIAIOT IITyOHMHY 30HbI CIBUTAIOIIUXCS TTOPOJT

o 90° - p
h 2
X e
01 0
1—tg4 N=p 5 P

[lopona Ha riIyOMHE, MPEBBIIAKOIMIECH Xg, HAXOAUTCS B COCTOSIHUU
paBHOBECHS, a Ha IIyOMHE MEHBUIEH Xo — B COCTOSIHUM JIBUKEHUS B CTO-
POHY BBIPAOOTKH.

[opu30HTAIBHOE IaBJIEHUE CO CTOPOHBI IIOUBEI BRIPAOOTKH PABHO
90° — 1 90° +
D, =R, -Q, :%(Xg _2Xoh1)t92 —P_nygtgz Tp’

rae Ro — aktuBHOE naBneHue, Qo — macCUBHOE JaBIICHUE.
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['opuzonTaneuble cuiabl Do MpUBOIAT K BO3HMKHOBEHHUIO CHJI Ha
HAKJIOHHBIX TUJIOIIAJIKaX, KOTOPbIE B CBOIO Oouepe/qb, 00pa3yroT HOpMab-
HYI0 paBHOJIeiicTByIoIIYyI0 N, HanpaBlIeHHYIO BBepX (puc. 8.1.).

Bennuuny cunel 7o onpeAensirtoT U3 CXEMbl, ITOKa3aHHOW Ha

puc. 8.1,0 1o TeopeMe CHHYCOB:

D
To= 980 +p
23in2'0

Nutepecyromntyto cuiny N, KoTopas XapakTepu3yeT CyMMapHOE J1aB-
JIGHHE TIOPOJ] CO CTOPOHBI MOYBKI, MOJIy4YaroT (puc. 8.1,a) mo ¢popmy:ie:

o .900-,  900-,

[Tomo6HbIM ke oOpa3om B.JI. CnecapeB [130] paccmarpuBan naBiie-
HHE CO CTOPOHBI ITIOYBBI BBIPAOOTKH KaK OOKOBOM pacIiop BTOPOIrO MOPS/I-
Ka (puc. 8.2.).

OnopHoe 1aBiIeHUE
p

ey
— THH

Cuibl OOKOBOTO

pacropa —— Cuiibl 60KOBOTO pacnopa
plsz S BTOpOFO nopﬂzu(a
. pzzbzp

Puc. 8.2. Bo3HUKHOBEHME JABICHUS CO CTOPOHBI ITOYBBI
no B.JI. CnecapeBy

Hcxons U3 Teopur HANPSHKEHHOIO COCTOSIHUS, BO3HUKAIOLIETO B ChI-
ny4dei HECBSI3aHHOMU cpelie, B TOYBE BHIPAOOTKU IEUCTBYIOT CHIIBI OOKOBO-
ro pacmopa

90° - p
2
P =(H +p, 9" =,
rae H — rmyOuHa pacnosioKeHus: BIpaOOTKU; po — JOMOJHUTEIBHOE JaB-
JIEHUE Ha IUTPEKOBBIC IIEIMKH, BBI3BAHHOE BEJACHUEM OUYHUCTHBIX padOT U
IPYTUMU IPUYUHAMMU.
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Cunbl O0OKOBOTO pacmiopa pi BBI3BIBAIOT B CBOIO ouepelb OOKOBOM
pacrop BTOPOro MOPSIAKA p2, KOTOPBIE CO3JAET MABJIECHUE CO CTOPOHBI
TIOYBBI

0
p, =(H+ po)tg4 20 5 p-

HenocrarkamMy OMMCAaHHBIX BBINIEC 33/a4 SIBISETCS JTUOO OTCYTCTBHE
SIBHOM 3aBUCUMOCTH MEXK]ly BEJIMYMHOMN JTaBJICHUS U TJIyOUHOM 3aJI0KEHUS
BbipaboTku (I1.M. [{lumOapeBu4), 1100 HACTONBKO MpsMas 3aBUCHUMOCTD
Mexay 3TuMu BenmuuHamu (B.J] CrecapeB), UTo HU OjJlHA KpEMb HE B CO-
CTOSIHUM BBIJIEPKATh TaKyro Harpy3ky. [IpuunHa HEJOCTATKOB 3TOM rpyi-
bl METOJOB KPOETCSA, MPEKIE BCETO, B YPE3MEPHON HJICATU3ALNHI OPO/I-
HOUM cpelibl, MPUMUTUBHBIX PACUETHBIX CXEeMaX W MPUMEHIEMOM MaTema-
TUYECKOM armapare.

8.2. Peosiornueckue MeToAbI OII€HKH BbIIABJIUBAHUSA
MOPOJ NMOYBbI B BLIPA0OTKAX

[IpakTika MOKa3bIBA€T, YTO BBIJAABIUBAHUE IOPOJ MOYBBI B TOPHBIX
BBIPA0OTKAX SIBJIACTCS TUITUYHBIM BPEMEHHBIM ITpoIieccoM. BHelHue npo-
SBJICHUS TIPOIECCA BBIJABIUBAHUSI OOHAPYKUBAIOTCSI HE MTHOBEHHO BCJIE]T
3a TIOJBUTAaHUEM 320051, a IPOSIBIIAIOTCS CO BPEMEHEM U JIJISITCS HEJIEIMH,
MecsIlaMi U Jaxke rogamMu. Takum oOpa3om, M3ydeHHE MYUYECHHS MOPOJT
MOYBBI B PEOJIOTUYECKON MTOCTAHOBKE B OOJIBIIION CTEIEHU OTPAXKAIOT €0
(bU3UYECKYIO CYTh U MPEIACTABIISIIOT OCOOBIN MHTEpPEC ¢ TOYKU 3PEHUS Ma-
TEMaTUYE€CKOTO MOJICIMPOBAHHUS SBJICHHUS.

Opna u3 Takux 3agad Obuta pemieHa A.Il. MakcumoBsim [8]. dusnde-
CKasi MOJIeJ b TIpecTaBisieT coboil nuddy3op, UMEIOMIUN BUI JBYX ILJIOC-
KUX CTEHOK, CXOIAIIMXCS TMOJ YIJIOM & APYr K JAPYyry, 4epe3 KOTOPBIA
MIPOUCXOJUT UCTEUYECHUE HEKOTOPON OUEHBb BA3KOU Cpebl. ECaU MOJI0XKUTH
yroJ1 a=180 rpaaycoB, TO MOJy4YHUM CXeMY, H300pakeHHYI0 Ha puc 8.3.

Heo6xoauMpIM yCIIOBUEM BO3HUKHOBEHHUS BA3KOTO TECUCHUS SIBIISCTCS
HAJIMYME B TOYBE BBIPAOOTKHU HAIPSIKEHUM, MPEBBIMIAIOIINX MPEIETbHOE
CONPOTUBIICHUE TTOPOA cABUTY. VICXOIHBIMU SIBJISIIOTCSL ypaBHEHUsI HaBbe-
Crokca u ypaBHenue cpenbl bunrama-llIBenoBa. B pesynbrare penieHus
MOJIyYEHBI 3aBUCUMOCTH JIJI1 ONIPEICIICHUS] CMEIIEHUN B MTOYBE BBHIPAOOTKHU
Y BEJIMYMHBI HATPY3KHU HA Kpelb. AHAUTUTUYECKUE PE3YJIbTAThl KAYECTBEHHO
XOpOIIO COTJAacylTCA C pe3ysibTaTaMUd HATYPHBIX M3MEPEHUN U (pusnue-
ckoro mozaenupoBanus. Kak BUAHO u3 puc. 8.3, CMENICHUS 3aXBaThIBAOT
3HAYUTEIBHYIO 00J1acTh B MMOYBE BHIPAOOTKH, YMEHBIIASACh IO Mepe yae-
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HUN BriyOb MaccuBa, U MPAKTHUUYECKHU 3aTyXalOT HAa PACCTOSHUHU, PABHOM,
NpPUMEPHO, 7-8 pagnycoB BHIPAOOTKH.

/
N VAN A

Puc. 8.3. Obnactb nedopMupoBaHust MOPO/JI B TOYBE BHIPAOOTKHU: 1 — pajralibHbIe
CMEIIICHUS; 2 — BEpTUKAIbHbBIC CMEIICHUS; 3 — TOPU30HTAJIbHBIE CMEIIeHUs, 4 — Bep-
THUKaJIbHBIC CMEIIEHUS TOUYEK, PACIIOI0KEHHBIX Ha OCH BBIPAOOTKH

HenoctaTkoM rupoJuHAMHAYECKOT0 OAX0Aa K PEIICHUIO 33/1a4 Ireo-
MEXaHHUKHU SIBJISIETCS HEN30€KHOE MCIOJIb30BAHUE KOHCTAHT, ONPEICIICHUE
KOTOPBIX MPUMEHUTEIBHO K TOPHBIM IMOPOJIaM KpaWHE 3aTPyAHUTEIBHO,
Hanpumep, yucia PeiiHonbaca.

Heckoisibko MHOE penieHne 3a1a4u 0 My4YeHUH MOPOJI TOYBHI B BBIPA-
0otkax, BeimoHeHO B.A. JIbiTkuHbIM [131] Takke Ha OCHOBE peoJiorude-
ckor monenu bunrama-IlIBenosa. PacueTHas cxema 3ajadu Ioka3aHa Ha
puc. 8.4.

OHa npuHUMAETCS B BUE 3aJIETAIONIET0 B TOYBE BHIPAOOTKHU CIIOS MY-
yaield MOpoJbl MOIIMHOCTBIO Ng, 3a)KaToro MeXIy 3HAYMTENILHO Ooiiee
AKECTKUMHU CJIOsIMU. B cBsi3u ¢ 00pa3oBaHUEM BBIPAOOTKU BOKPYT HEE CO-
34a€TCA KOHUEHTpAIUYs HalpspKeHUW. BenmnumHa WX BEPTUKAIBHOM CO-
CTaBJISIFOIIEH HA YPOBHE KPOBJIM My4Yallero Cjos ONpeAesieTcss U3 pellle-
HUS YIIPYTo# 3a7a4u U MOKET OBITh MPUOJIMKEHHO BBIYUCICHA TTO (POpMY-
ne
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. (8.1)

oy T o
X —da
r7i€ @ — MOJIYIPOJIET BRIPaOOTKHU.
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Puc. 8.4. Cxema k onpeneneHuto oo0bema Mmy4eHus MOpoIbl
(no B.A. JIbiTKHHY)

[lox neiicTBUEM 3TUX HANpPsKEHUM B C1aOOM CJIO€ B OKPECTHOCTH BbI-
paboOTKH 00pa3yrTCs CUMMETPUYHO PACIOJIOKEHHbIE 00JIaCTH IJIacTUYe-
CKOrO0 TEYEHUS, BEPTHKAJIbHBIE HANPSIKEHUS B KOTOPBIX MOTYT OBIThH
onpeieNeHbl U3 NpUOImKeHHOro pemenus A.A. Miptommna no gopmysie

. X—a
oy =2k| 2+ ) (8.2)

0
rie Ki — mapameTp, BEITEKAIONIMA W3 yCIOBUS IPOYHOCTH, HATIPUMED, TIpe-
JieJ1 IPOYHOCTH Ha CJIBUT Rx

['panuiia muacTuyeckoi o0gacTu NpUOIMKEHHO MOXKET OBITh Ofpe-

JIeJICHA M3 YCIIOBHs PaBEHCTBA HaNpsUKeHW o) =0, . Ilpu oOpasoBanun

MJIaCTUYECKON 00JaCTH YacTh HArpy3KH, UCIIBITHIBAEMON MyYallliM CJIOEM
cpazy Imociie MPOXOAKH BBIPAOOTKHU, ONPENEIIeMON U3 PElIeHUs YIpyron
3aJla4¥ M TPEBBIMIAIONIEN HATPY3KY, MOJTYYEHHYIO U3 PEUICHUA IIacTHYe-
CKOM 3a1auu, IepeMecTUTCs B TiIyOb MaccuBa. [lapamerp a — npumer 3Ha-
yeHue ai. [lonoxkeHne rpaHullbl MIACTUYECKON 30HBI | = X, —a omnpenens-

eTCs, UICXOAs 13 IuIomaae amwop S™ =S no cinexyromieit popmyne:
I° +6h,1° +2h, (4 - k™)l - 2k*h;a =0, (8.3)
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H

rae K =-—.
ST
OO0beM BCITy4EeHHOU MOPOJHON MAaCChl MOXKET OBITh HAWJICH W3 BHIPAKCHUIN
2 2
VA a0 Lo [ Ty WA LS (8.4)
E 2 h,
a a 2 a a a
rane A=arccos—(1-,/1-(—)?), B==,[1-(—)° ——arccos—.
) 2 ( (L) ) 3 (L) T 1
BricoTa Mo HATHS TOYBBI COCTABUT
v=Y (8.5)
2a

P&C‘ICTBI, BBITIOJIHCHHBIC 110 IIPHUBCACHHBLIM BbIIIC 3aBUCUMOCTAM, Jdad-
0T CYIICCTBCHHO 3aHWKCHHBIC 3HAYCHUS OIIPCACITISICMbIX BEJIMYUH.

8.3. Ynpyromiacruyeckasi yCTOM4YUBOCTH MOPOJTHOT0 MACCHBA
B OKPECTHOCTH OJIMHOYHOI1 BLIPAOOTKH

B pa6ote [104] Ha ocHOBE J1a00paTOPHBIX HATYPHBIX U AaHATTMTUYECKUX
UCCJIEI0BAHUN TIPEMJIOAKEH OTIMYAIOMIUICS OT W3JI0KEHHBIX BBIIIE MOIXO0/T
K M3YUYCHHIO TTPOOJIEMbI TyUYeHHSI TTOPOJ] TIOUBBI MOA3EMHBIX BbIpaboTOK. B
€ro OCHOBE JIE)KUT TUIIOTE3a O IOTEPE YIPYTrOMIACTUYECKON YCTOMYMBOCTH
MOPOJHOTO MacCUBa B OKPECTHOCTU OJIMHOYHOU BBIPAOOTKH, KOTOpasi Obu1a
chopMyIupoOBaHa B UTOre 0000IIEHUST OOJIBIIOrO KOJIMYECTBA PE3YJIHTaTOB
HATYpHBIX U3MEPEHUI CMENIEHUN KOHTYypa BBIPAOOTOK B YCJIOBUSIX ITy4e-
HUS TIOPOJ] TOYBKI U JJAOOPATOPHOTO MOJEIUPOBAHUS HA MOJENSX U3 IKBU-
BAJICHTHBIX MAaTE€pUAJIOB. IJTH WCCJICIOBAHUS TO3BOJIWIM BBIJCIUTh B
OKPECTHOCTH BBIPAOOTKH IO MEpEe yAAJICHHsS OT 320051 HAJIUYUE YETHhIpEeX
oOJacTeid, XapakTepU3yOIUXCsl PA3IMYHON UHTEHCUBHOCTBIO MTPOTEKAHMS
MEXAHWYECKHUX MPOLIECCOB:

| — o6nacTe ynpyroro ageopMupoBaHus;

Il — 06nacTh mmacTudeckux egopmalnuii;

[l — oGnacTe BcyunBaHUs TOPO]T TOYBHI;

IV — o6nacTe crabunuzanuu (2) unu Hecradbumzanuu (1) nmporecca
Ny4eHUs: NOpoJ MOoYBHI (puc. 8.5).

Ha puc. 8.5 mpuBefeHbl TUNUYHBIE TPaQUKU CMEIIEHUN U CKOPO-
CTel CMeIleHUH KOHTypa BBIPAOOTKHM Ajs MIaXThl «JloOporosbckas»
«ATOK-1o6ponosibeyroyiby, TAE€ Iy4YEHHE TMOpPOJ IOYBBI SIBJISETCS
HanboJiee XapaKTepHBIM MPOSBICHUEM TOPHOTO JaBJICHUS.
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uUn, m d;’/d;'
m/poby
1.00 - 1l vV - 0.040
0.90 L 0.035
0.80 ® y=a/(1+b*exp(-cx)) L 0.030
0.70 Stand. Error:  0.0473899
Correlation Coef.: 0.9917689
0-60 B 0.025
0.50 - 0.020
0.40 \\ - 0.015
0.30 \
- 0.010
0.20 > o
0.10 S~ o - 0.005
0.00 T T 0.000
40 50 60 Aoba
® K2 nK2 - = dUu/dT
un, m du/dT,
’ m/poby
2.00 - H AV - 0.100
1.80 e L 0.090
[ ]
1.60 y=a/(1+b*exp(-cx)) - 0.080
Stand. Error:  0.1219003 L
1.40 Coar?elatirczngOef.: 0.9849089 0.070
1.20 - 0.060
1.00 - 0.050
0.80 - 0.040
0.60 - 0.030
0.40 - 0.020
0.20 - 0.010
0.00 — 0.000
40 50 60 Aoba
® [K4+10 NK4+10 = = dU/dT

Puc. 8.5. KuHeTnka CKOpOCTH BCIIyUHUBAHUS U MIEPEMEIIECHUS MTOJOIIBEI HA TUKETE

Oo6nacte BciyunBanusi nopoa noussl (III) cnabo mpocnexuBaeTcs Ha
rpadUke CMEIEeHUI, HO OTYETIMBO BUJIHA Ha rpaduKe WHTCHCUBHOCTHU
cMmeteHuit puc. 8.5,6. OHa xapaKTepU3yeTcsl JOCTATOYHO OBICTPBHIM IMPO-
TEKaHWEM MPOIECcCa U PE3KUM YBEJIMYCHUEM CMEIICHUHN MOCe TOCTHXE-
HUS UMM HEKOTOPOrO0 KPUTHUYECKOTO Mpejiesia B MpeAlIecTBYIOme ooa-

CTH.

YerepTas 0071aCTh 3aBEpIIAET MPOLIECC AKTUBHOTO Ae(HOPMUPOBAHUS
MPUKOHTYPHOI'O MOPOJAHOTO MaccuBa. NHTEHCUBHOCTD edopMaluii pe3ko
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najgaet, oHu JuOo cTabuiauszupyrTes (puc. 8.5,0), 1ub0 aecTabuIn3upy-
IOTCS1 BO BpeMeHHU (puc. 8.5,a).

KpuBbie nepemenienuii, nmpuBeAcHHbIe HA pUcC. 8.5,a,0 JOCTATOYHO
OJIM3KO anmpOKCUMHUPYIOTCS CIEAYIOIICH 3aBUCUMOCTBIO:

a
" i pe (8.6)

rae U, — BeJIWYMHA NOJHSATHS MOPOJI MOYBKI; t — Bpems, CyT.; a, b, C -
KO3 PUIIMEHTHI, OJIy4aeMble B pe3yJibTaTe HATYPHBIX U3MEPECHUH.

AHanmv3 HaTypHBIX M JA0OPATOPHBIX HCCIIEAOBAHUMN, aHAIOTMYHBIX
TE€M, KOTOpbIE€ ObUIM M3JI0KEHBI BBIIIE HAa IpUMepe MaxThl «J[0Opomnosb-
CKasD», MOKA3bIBACT, YTO BCE€ OHU C MOMPABKOW HA KOHKPETHYIO T'OPHO-
TCOJIOTHYECKYIO0 CUTYaIlMI0, KAYECTBEHHO JOCTATOYHO OJIM3KO OTpakaroT
KapTUHY Pa3BUTHUS MYUYECHUS MOPOJ] MTOYBBI. DTO OOCTOATEIHCTBO YXKE CaMO
o cebe rOBOPUT O TOM, YTO B OCHOBE SIBJICHUSA JICKUT HEKOTOpas oO0Ias
¢du3ndecKas 3aKOHOMEPHOCTb.

Hauano myueHus: mopoJi mOYBbl BIPAaOOTOK BCETIa CBSI3aHO ¢ 00pa3o-
BaHUEM TpeThe obnacTu. XapakTEepHOW €€ OCOOEHHOCTBIO SBISETCS
O4YEHb OBICTPBIM pocT AedopManuii B TEYEHHUE JOCTATOYHO KOPOTKOTO
MPOMEXKYTKA BPEMEHH, MPOUCXOJAIINN IMOCIE TOr0, KaK MIaCTUYECKUE
nedopMaluu AO0CTUTAIOT HEKOTOPBIX MPEAENbHBIX (KPUTUYECKUX) 3HAYE-
HU. C SHEPreTUYECKOW TOYKHU 3PEHUS] TPOUCXOJUT CIICAYIOIIEE: MPU HE-
3HAYUTEJIILHOM WU3MEHEHUM HANpPSIKEHHOTO COCTOSHUS, CBSI3aHHBIM C yJa-
JIEHUEM PENEPHOM CTaHIIMU OT 32004, MPOUCXOJUT OTHOCUTEIIBHO OBICTPOE
BBIJICJICHUE TTOTCHIMAIbHON 3HEPrUH, pacXOAYIOIIECHCS Ha JOTOJTHUTENb-
HOE Pa3pyIICHUE CTPYKTYPHBIX CBSI3€H B MOPOJHOM MAaCCHUBE M €ro pas-
PBIXJICHUE, COMPOBOXKIAIONIEECS CYIIECTBEHHBIM YBEIMYEHUEM OObeEMa.
[Tocne 3TOro MexaHu4eckasi CHCTEMa BHOBb OOPETAET COCTOSIHUE PABHOBECHS.

CKopocTh mepexoia U3 OJHOTO 3HEPreTUYECKOTO COCTOSIHHSI B JIPYTO€
OTIPEACIIAETCSL CTPYKTYPHBIMU OCOOCHHOCTSIMH TOPOJ B Maccuse. it xpyn-
KAX TIOPOJ OHAa MOXET OBITh OYEHb BBICOKOW, JUISI TIOPOJI, COMAEP KAIIUX
OO0JIBIIIOE KOJIMYECTBO MIMHUCTHIX YaCTHII, CKOPOCTh TIepexo/ia OyIeT CpaBHU-
TEIbHO HEOOJIBIIION, a JAIbHEUIIINK TTPOLeCC — JTUTEIbHBIM, U, B 3aBUCUMO-
CTH OT YCJIOBUM, 3aTyXaIOIIUM WJIM HE3ATyXArOII1M.

B ¢usuke Takue mnepexoHbIe MPOIEeCChl, KOTOPhIE XapaKTEPU3YIOTCS
PE3KUM M3MEHEHHUEM OJIHOTO MapaMmeTpa (IMepeMelieHre Ha KOHTYpPE BbI-
pabOTKM) TIPU HE3HAYUTEIPHOM YBEJIMYCHUU JPYroro (KOMIIOHEHTHI
HaMpsOKEHU Ha BHEIIHEM KOHTYpPE), Ha3bIBAIOT MOTEpPEH YCTOMYMBOCTH
paBHOBecusd. B paccmaTpruBaeMoM SIBIE€HUHM — 3TO YIPYTrOIIACTHYECKAas
NOTEPS] yCTOMYMBOCTH PABHOBECUS MOPOJHOTO MACCUBA.
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B pa6ore [104] 3agavya ycTaHOBICHUS KPUTEPHUATBHBIX COOTHOIIICHHM,
MO3BOJISIIOIINX BBITIOHATH MPOTHO3 IyYEHUsI MOPOJ TOYBHI, pPEIlicHa Ha
OCHOBE YIIPOIIEHHOTO mojaxoda, paspadoranHoro A.IQ. MmuumHcKUM —
JI.C. JleiiGenzoHoMm. OCOOEHHOCTh €r0 COCTOMT B TOM, YTO IapaMeTp
Harpy>kKeHHUsI BBOJUTCS TOJBKO B TPaHUYHBIC YCIOBHS, KOTOPHIC YUUTHIBA-
10T U3MCHEHHS (DOPMBI TpaHUIIBI TP BEITyYruBaHUH. [Ipu 3TOM paccmar-
pUBaeTCs MOPOAHAs Cpeia C NUIaTaHCHUEH.

B ocCHOBy ucciienoBaHMM MOJIOKEHO PELICHUE YNPYTOIUIACTUYECKOU
3a7a4M, U3JIOKEHHOM BbIIe B naparpade 4.4. B obmieM ciaydae npu moTe-
pe€ YCTOMYHMBOCTH YPaBHEHHS UCKAXKEHHOT'O BHYTPEHHETO0 KOHTYpa MOYKHO
IpeacTaBuTh B BuAe I =1+d cosé, rae d — koHcTaHTa, @ - MOJSIPHBIN YroJl.
[Ipu 5TOM Ha OCHOBHOE HAIIPSYKEHHOE COCTOSHUE HAKJIaIbIBACTCSI HEKOTO-
pO€ BO3MYIIIEHHOE COCTOSIHHE, BBI3BAHHOE M3MEHECHHEM BHYTPEHHUX Tpa-
HUYHBIX YCIOBUN. ITO 0OCTOSATEIBLCTBO OTpakeHO Ha puc. 8.6,a,0, roe K —
KOA(PGUIIMEHT, YUYUTHIBAIONIMN BIUSHUE 32005 BBIPAOOTKHM HA BHEIIHUE
rpaHuYHbIe ycinoBus, AK — Majoe npupamienue kodddumnmrerTra K, BbI3bI-
BaloIlee N3MEHEHUE T€OMETPUM BHYTPEHHEH TPaHULIbI.

a) 0)
KyH (K+AK)YH
EERRNERN EEERNERE

iy
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RN

(K+AK)\yH

RN
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ERRRRRRA RRRERRRA

Puc. 8.6. PacueTHas cxema K peIieHuto 3a1a4u O OTEPe YIPYromiacTHIeCKOro
paBHOBECHS MPUKOHTYPHOT'O MAaCCHBA: a — UCXOJTHOE COCTOSHUE;
0 — BO3MYIIICHHOE COCTOSTHUE

Cormnpsirasi KOMIIOHEHTBI YIPYTUX W HEYIPYTHX HAMpsHKEHUM Ha Tpa-
Hulle L ¢ yueToM rpaHUYHBIX YCJIOBUN Ha KOHTYpe BbIpaOOTKu (I=1), mo-
Jy4YUM OCHOBHOE€ KPUTEPUAIBHOE COOTHOIICHUE:!
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g1 ?In’r, +2=0, (8.7)
re &, - CpeaHee 3HaueHue Kod3p¢uireHTa 00beMHOr0 pa3pbIXJIEHUS IO-
pOJl B MPUKOHTYPHOU OOnacTu, ] - KpUTUYECKUU pajuyc oOnacTu He-
yOpyrux aedpopmarui.

M3noxeHHast BBIIIE TEOPHS ITyYCHUS ITOPOJ MMOYBBI B ITOJ3EMHBIX BHI-
paboTKax moJjiyunsia Ha3BaHue OudypkanmoHHou. B mocencTBum oHa Obl-
Jla YCOBEPIIICHCTBOBaHA Ha CIydYall HETHAPOCTATUYECKOIO IOJISI Hadallb-
HBIX HanpspkeHuid [133].

MeTroauka OLEHKH T€OMEXaHWYECKOW CUTYallMd B MPOCKTUPYEMOU
BBIPAOOTKE COCTOUT B CIICTYIOIIEM:

- no (opmyne (4.58) onpenensercs BO3MOKHOE 3HAUEHUE pajinyca
o0nacTu Heynpyrux nedopmanuit — r_;

- mo dopmyre (8.7) ycTaHABIUBACTCS BETUYNHA KPUTHUECKOTO pa-
auyca 00J1acTy HEYynpyTux AedopManuii — I, ;

- YCJOBHS OTCYTCTBUS ITy4YCHHUS B BRIPAOOTKE UMEET B/

%k
U (8.8)

Ecnu ke ycioBue (8.7) He cobroaeTcs, To HEOOXO0AUMO MpeaycMaT-
pUBaTh MEPOIPHUATHS, OOECIeUNBAIONINE BO3MOXXHOCTh JKCILTyaTaIluu
BBIPAOOTKH B YCIIOBHUSAX ITYYEHHUSI TIOPO/T TTOUBEI.

8.4. IMnMpuyeckue MeToAbl MPOTHO3a MY4Y€eHNsI MOPOJ MOYBbI

Metoasl onpenesieHus mapaMeTpoB Ipoliecca MyYeHHs] TOPOJ TOUYBbI
B TOPHBIX BBIPA0OTKAaX, OCHOBAHHbIE HA 00OOIIEHUH JOCTATOYHO OOJIBIIIO-
ro KOJINYECTBA HATYpPHBIX HW3MEPEHHI, HA3bIBAIOTCS ASMIIUPUYECKUMU.
Haubonee n3BecTHbIMU U3 HUX sABIst0TCA Metoa FO.3. 3acmaBckoro [12] u
N.JI. Yepnsika [132].

FO.3. 3acnaBckuii cuMTaeT, YTO OCHOBHBIMHU (DAKTOpPAMH, OMPEIEIs-
IOIIMMH HajJu4yue W MapaMeTpbl Mpouecca MydYeHUsl NopoAd MOYBBI, SABJIS-
I0TCS CJICNYIOIINE: YPOBEHb HAMPSKEHUU B OKPECTHOCTH BBIPAOOTKH,
onpelesieMblid BECOM BBIIIE3aJIEraoOIeld TOIIMM TOPOJ, TPOYHOCTh IO-
pOJI, YTroJI UX 3aJ€raHus, CIIOUCTOCTh MAacCHUBa, OPUEHTUPOBKY BBIPaOOTOK
0 OTHOUIIEHWIO K HAIUIACTOBAHUIO (MMAPAJIIETBHO WM MEPIECHINKYISPHO),
X 0OBOJHEHHOCTb, TEOMETPUUECKUE PA3MEPBI U CPOK CITYKOBI.
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OCHOBHBIM KpPUTEPHEM, IO KOTOPOMY IMPOWU3BOJIUTCS MPOTHO3 MyYe-

HUSI TIOPOJI TIOUBBI, SIBIISIETCS O€3pa3MepHBI mapaMmeTp Rﬁ [IpunsB B Ka-

C
YECTBE «IOpOTra IMyYCHUS» BeIWIUHY ToaHATHs mouBsl 16=0,20 M, T.e. Ta-

KYI0 BEJIMYMHY, IIPU KOTOPOM MPOLECC IMyUYEHUs] HAUMHAET CKa3bIBAThCS HA
cocTosiHMM BbIpaboTku, FO.3. 3acnaBckuil mpeasioxkuin HoMOrpaMmmy, Mo3-
BOJIAIOIIYEO OMPEJEIATh MapaMeTphbl MPOIECcca MyYeHUs. IMIOUPUUCCKUIN
Kputepuit 1jist ycsnosuit Jlonbacca, mo KOTopoMy OIEHUBAETCSI CKIIOHHOCTh
MOPOJI TOYBBI K MYUYEHUIO JJISI BRIPAOOTKU IIUPUHON &, UMEET BUJL:
1,22R,
a>————.
AH
[lo naHHBIM aBTOpa, B BBIPAOOTKAX MIMPUHOW 3-5 M MydyeHUE HAYU-
HAETCsl TPOSIBIATHCA TPU 3HAUCHUSAX OE3pa3MEpHOro IapameTpa

(8.9)

M 0,25-0,4. OTu pe3ynbTaThl XOPOILIO COTJACYIOTCS C JAaHHBIMH APY-

C
I'UX UCCIEeI0BaTEIEN.

Jlng pacdera BenmuuHbl nOAHATHS mopohd mouBbl FO.3. 3acnaBckum
IpeIoKEHa cXeMa, NpuBeAcHHas Ha puc. 8.7. [lopoaHbie ciou B MOYBE
BBIPAOOTKH pPAcCMaTPUBAIOTCS KaK 3alleMJICHHBIE OajKu, HaXOMSIIHEeCs
noJ JIENCTBHEM MPOAOJIbHO-MONEPEYHON Harpy3ku. B mpouecce dpopmu-
pOBaHMs cujia P IMPeBOCXOIUT HEKOTOPOE KPUTUUYECKOE 3HaYeHue Py, mo-
CJI€ 4Yero CJIOW TepsAET YCTOMYMBOCTH , BCIIYUMBACTCS W TEPHUT HU3JIOM B
LEHTPE, YTO MPUBOJUT K MOTEPE €ro HeCyIlel CloCcoOOHOCTH.

Yi

Y=U,

P L A — - PR,

Puc. 8.7. Cxema amnst onpeeneHus: BEIUYUHBI TOHATHUS TIOPO]] TTOYBBI
no }0.3. 3acnaBckomy
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Benuunna nogusatus nopoa noussl U, onpenensercs no Gpopmysie:

2
0,85/H —0,15 gc P

— 0
U, =011 |ah - -1 (8.10)

c

rie N, @ — BBICOTa M TIOJYIPOJIET BBIPAOOTKHU; H — TIIyOMHA PaCcIIOI0KEHUS
BBIPAOOTKH, y — OOBEMHBIA BEC BBIMICIEKAIIUX MOPOJ, R, — MPOYHOCTH
nopoJi Ha ogHOOCHOEe cxartue, Ro — 30mIla — yciioBHasi NPOYHOCTHh TOPHBIX
MOPOJI; p — OTHOP KPEMH CO CTOPOHBI OOKOB.

N.JI. Yepnsik [132] Ha ocHOBaHHH 000OIICHNS OOJIBIIIOTO KOJTMYECTBA
HATYPHBIX HAOIIOJIEHUH W PE3yJIbTaTOB J1aOOPATOPHOTO MOJCIUPOBAHUS
Ha MOJIENIAX W3 SKBUBAJICHTHBIX MaTepUajioB pa3padoTall BEpOSTHOCTHO-
CTATUCTUYECKUI MeToa MporHo3a mydeHus. OcHOBHbIMU (pakTOpamu,
OTIPENICTIAIONIMME TIapaMeTPhI MpoIiecca, SIBISIOTCS: TIIyOnHa pa3paboTKH,
MPOYHOCTh BMEMIAIOMIUX MOPOJI, UX MOIIHOCTh U MEeTporpaduueckuil co-
CTaB, a TAKXKE€ IUIOMIA/b MOTIEPEUYHOT0 CEUCHUSI BHIPAOOTKH.

Metoa maeT BO3MOKHOCTh HE TOJIBKO KOHCTAaTUPOBATh HAIMYME ITY-
YEHUSI, HO U ONPEJEIUTh €r0 UHTEHCUBHOCTD.

OOImMM HETOCTATKOM JIFOOBIX IMIUPUYECKUX TTOJXOIOB SIBISETCA TO,
9TO TPUMEHEHHWE YCTAHOBJICHHBIX 3aKOHOMEPHOCTEH OTpPaHHUYCHO TEMHU
pEruoHaMu, B TMpejesiax KOTOPBIX MPOU3BOJIUIICA OTOOP CTATUCTHUYECKOMN
uH(opMaIuu.

8.5. UucisieHHO€E MOAeTMPOBAHME MPOIECCA BCIIYYNBAHUS MTOPO/I
MOYBbI B TOPHBIX BHIPA00OTKAX

N3BeCTHBIE AHANUTUYECKHE PEIICHUS IPUMEHHUTEIBHO K 3aJayam,
CBSI3aHHBIM C IYYEHHEM IOPOJ MOYBBI B TOPHBIX BBIPAOOTKAX, OCHOBAHBI
au00 Ha METOJax CTPOUTEIBLHONW MEXaHHKH, JTUOO Ha METOJax TEOpHUHU
yOPYTrOCTH, MIACTUYHOCTH, MOJ3yuecTH. B n1000M ciiydyae B UX OCHOBE
JIEKUT MOJIeNIb TBEPAOTO JepopmupoBaHHOro Tena. [Ipu s3TtoM mpenmnoia-
raeTcs, 4TO 3aBUCHMOCTh MEXKIY HANpPSHKCHHSIMHU U Je(opmariusaMu Jiv-
HEelHas, a camu JedopMaliu SIBISIOTCA JOCTATOYHO MaibiMu. B ciydae
My4YEHHUs] MOPOJI TOYBBI MOCJIEIHEE MPEANOJIOKEHUE HAPYIIAETCS, IO-
CKOJIbKY JiehOpMaIlfi B 3TOM CIIydae yKe He SBISIOTCS MAJIbIMH.

Teopusi omucaHuss MOJOOHBIX MPOIECCOB B TPEXMEPHBIX TeElax B
Hacrosiee BpeMsi OTCyTCTBYeT. IloaTomMy, €IMHCTBEHHAs BO3MOXKHOCTh
o0ecrneunTh MaTEMaTHUYEeCKOE MOJACIMPOBAHUE TAKOTO CJIOXKHOTO MPOIEC-
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ca, KaKiM SIBJIICTCS MyYEHUE TTOPOJ] TOUBBI B TOPHBIX BRIPAOOTKAX, COCTO-
UT B MPUMEHEHUHU YKCICHHBIX Mojelield. BriepBrie Takas 3amaya Obuia pe-
meHa B [134]. Ee cyTh COCTOUT B CIIEAYIOIIEM.

[Ipeanonaraercs, 4To B OCHOBE aHAJIMTUYECKOTO OMKCAHUs Ipoliecca
My4YeHHs TOPOJI B TOPHBIX BBIPAOOTKAX JEKHUT OMypKAILIMOHHAS TEOPHS.
B cootBeTcTBUM C Teopuel CyIIecTBYeT HEKOTOpas KpUTHUECKas TIyOnHa
H*, HaumHas ¢ KOTOpOW MapaMeTphl IIIACTUYECKOTO COCTOSIHUS MOPOAHO-
ro MacCHMBa B OKPECTHOCTH BBIPAOOTKH CMEIIeHUs Ha KoHType U, u pas-

Mep 30HBI HEynpyrux aedopmanuil I, JOCTUTalOT CBOUX MPEAEIbHBIX

sHavenwii - Uy u 1. Tak, HarmpuMep, I TOPHO-TEOJIOTHYECKHUX YCIIOBHIA
IICIT «Ilaxta HJo6pononbckas» LIV «/loGpomonbckoe» 3TH mapaMeTpbl
cocTtaBiasatoT H =450 M, r'=3,3 M, U"=0,29 m. PacdyeTHas cxemMa U KOHEU-
HO-DJIEMEHTHAS. MOJENb ISl PACCMATPUBAIOIINXCS YCIIOBUHM, IIPEACTABIIC-
Ha Ha puc. 8.8.

- L e ; (R e

Puc. 8.8. PacueTrHas cxema ¥ KOHEUYHO-IIEMEHTHAsI MoelIb 2D-3amaun

Ha puc. 8.9 npencraBinena ¢popma KpUTHICCKON 30HBI HANIPSIKCHHBIX
nedopMaruii BOKpyr 7-To KOHBEHEpPHOTO IITpeKa, TOr0 €ro ydacTka, KO-
TOPBIA HAXOJUTCA 3a MpeAesiaMu BIMsHUS 32005 JiaBbl, a Ha puc. 8.10 mo-
Ka3aHbl BEKTOPHI TMEPEMEIICHUN MPUKOHTYPHOTO TOPOJHOTO MacCHBA.
ToukamMy yka3zaHbl pa3pyMIAOIINECs 30HBI OT PACTATHUBAIOIINX HaIPsIKe-
HUMH.
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Puc. 8.9. Kondurypaius 30861 Heynpyrux aedopmaiuii BOKpyr
OJIMHOYHOM BBIPAOOTKH B HEBO3MYIIICHHOM COCTOSTHUU

Puc. 8.10 KapTuna nepemenieHrii IpUKOHTYPHOTO TOPOTHOTO
MaccuBa B HEBO3MYILIEHHOM COCTOSIHUH

Crenyromuil UCKYCCTBEHHBIM MPUPOCT MEPEMENICHUN B LEHTPE IO-
JoIBBI BbIpa00oTKH Ha 0,02 M IPUBOAUT K pe3KOMY U3MEHEHHIO Aedopma-
IIMOHHOTO COCTOSIHMSI IOPOJI, 3ajJerarliuXx B IOJOIIBE BbIpaOOTKU. Ha

puc. 8.11 noka3zansl koHpurypamus 3HJ[ 1 nepemenenust KOHTypa BbIpa-
OOTKH JJIsl TOTO CIIyYasi.
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Puc. 8.11. Kondurypanus 3HJI u nepemeiienrs KOHTypa
OJIMHOYHOU BHIPAOOTKE B BO3MYIIIEHHOM COCTOSIHUM

IIpy 3TOM TPUKOHTYPHOW MOPOJHBIA MACCUB IEPEXOJUT B HOBOE
HaTPsKEHHO-1e(OPMUPOBAHHOE COCTOSIHUE ¢ 00JIee HU3KUM YPOBHEM I10-
TEHUUAIBHON SHEPTUU. B 3aBUCHMOCTH OT TOPHO-TE€OJIOTUYECKHUX YCIOBUN
ATO COCTOSIHME MOKET OBITh WMJIM PAaBHOBECHBIM, KOTJIa MPOIIECC MyUYCHUS
CO BPEMEHEM MPEKPAIIAETCS, UM KBA3UPABHOBECHBIM, COMPOBOXAAFOIIE-

€Csl HEMPEPhIBHBIM TEUCHUEM Pa3pBhIXJICHHBIX MOPOJ CO CTOPOHBI OO~
BbI (puc. 8.12).

I
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Puc. 8.12. Pa3zButre reomexaHM4ECKUX MPOIIECCOB BOKPYT BHIPAOOTKHU:
1 - He3aTyxarumi mpoiiecc B MooIIBe; 1'- He3aTyXxalomui Mpolecc B KPOBJIE;
2 - 3aTyXarlIUi IpoliecC B MOAOIIBE; 2' - 3aTyXaroUui MPOIEcC B KPOBIIE;
B - Touka Oudypkaumu

Anammsupys 3H/I, nmpuBeneHnyto Ha puc. 8.12, cienyer OTMETHTS,

YTO CO CTOPOHBI MOJOIIBEI BBIPAOOTKH MapaMeTPhl €€ CYIIECTBEHHO U3Me-
Hunuch. ['nyouna 3H]] co CTOpOHBI MOJOIIBEI YBEIUYUIIACH MIOYTH BTPOE
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u Tenephb cocraiser 12,106 M. B 6okax u KpOBIHM BBIPAOOTKH pa3zMephl
3HJI ocTanuck nmpakTU4eCKu 0€3 U3MEHEHHUI.

Ha puc. 8.13 noka3ano touky oudypkauu B u nanbHeiee pa3Bu-
THE MEPEMEILCHUI B KpOBJie, OOKaX MOJOIIBBI BHIPAOOTKH B MOMEHT I10-
TEPU YNPYTOILUIACTUYECKOM YCTOMYMBOCTU. M3 HEro ciemyer, 4ro mocie
HEKOTOPOT'0 KPUTUYECKOTO MOMEHTA T€OMEXaHWUYECKUE TTPOIECCHI B KPOB-
jJe u O0Kax BBIPAOOTKU 3aTyXarOT, HO 3aTO aKTUBU3UPYIOTCSA B MOPOAAX
MOJOILBHI.

I, ‘
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Puc. 8.13. JlanpHeliliee pa3BUTHE NEPEMELIEHUN B KPOBJIE U
MO/I0LIBE BBIPAOOTKHU MOCHE TOCTHXKEHUS TOUKH Oudypkauuu B

Ha mnpaktuke 3TO OOBIYHO COMPOBOXKAACTCA JaXKe€ HEKOTOPHIM
YMEHBIIICHUEM O0KaTHs KPETUICHUS U YCIIOBHBIM CHI)KEHHUEM Harpy3KH Ha
Hero. B monomise e BhIpaOOTKH 001aCTh pa3pylIEHHBIX MOPOJI YBEIUYHU-
Baercs 10 8-10 u 3TOT mporece, Kak yke Ha 3TO o0palajioch BHUMaHHE
BBIIIIE, MOXKET HOCHUThH JUOO 3aTyXaroIuid WM HE3aTyXarllehd XapakTep
(cm. puc. 8.12).

Y cTaHOBUB Ha OCHOBE HATYPHBIX HAOJIOJCHUM 3aKOH HapacTaHUs Je-
dbopmanuii MoYBBI BO BpeMEeHHU — U, = f(t), MOYKHO BBITIOJIHUTH YHUCICHHOE

MOACIUPOBAHUC JUCKPECTHO, JJIA OTACIIBHBIX MOMECHTOB BPCMCHHU — ;. Ta-

KM 00pa3oM, MOSIBIIIETCS BO3MOYKHOCTh BECTH MPOTHO3 00HEMOB padoT,
CBS3aHHBIX C TMIOJIPBIBKOM TIOPOA TIOYBBI B KOHKPETHBIX TOPHO-
I'COJIOTHYECKUX YCIIOBHSIX.
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buocpagpuueckan cnpaska

Hasbe, Jlyu Mapu Anpu (1785-1836) - dpaniry3ckuit
WHXXEHEp U YyueHbld. M3BecteH pabotamu B 00J1acTH
CTPOUTEIILHOW MEXaHWUKH, TEOPUH YIIPYTOCTH, THIPABIIU-
KM YW THAPOMEXaHUKH; BbIBEN T.H. ypaBHeHue HaBbe-
Crokca. ABTOp Kypca CONPOTUBIICHUS MAaTEPHUAJIOB U JIp.

Crokc, [Ixopmk I'abpuens (1819-1903) -  aHrmiickuii
GbU3UK U MaTeMaTuK, Npe3uieHT JIOHTOHCKOTo KOPOJICB-
ckoro obmiectBa. DyHAaMEHTAIbHbIE HCCIIECIOBAHUS T10
rugpoanHamuke (ypaBHenue Hasbe-CTokca); u3yyan
BOJIHOBBIEC MPOIECCHI B PA3JIUYHBIX Cpeaax.

WnerommH, Anexcerd AntoHoBud (1911-1981) — mu3Bect-
HbIIl COBETCKUN Y4Y€HbIM B 00JlacTM MeXaHUKU. OCHOB-
HBIE TPYJbI 10 TEOPUH YIPYTrOCTH, TA30JUHAMUKE U 1A~
CTHUYHOCTH.

JleitOenson, Jleonmn CamymmoBud (1879-1951) — m3-
BECTHBIN COBETCKUI YUYEHBIA B 00JIACTM MEXAHUKH, aKa-
JNEMHUK, OCHOBATEIIb MOA3EMHON TUAPABINKH. OCHOBHBIE
paboThI IO TEOPUM YIIPYTOCTH U MMPOYHOCTH.

Wnumackuii, Anexcanap FOmeeBnu (1913-1992) - wu3-
BECTHBII COBETCKUI YUYEHBIA B 00JIACTM MEXAHUKH, aKa-
neMuk. OCHOBHBIE TPYAbI 10 TCOPUH KOJICOAHUMN, Mexa-
HUKE Ae(HOPMHUPYEMBIX CpeJl U THPOCKOTIOB.
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Konmponvuvie éonpocwt u 3a0anus

1.  HazoBute runote3bl, 00BSCHIIONINE TPUIUHY BbIJABINBAHUS
MOPOJI B TOPHBIX BBIPAOOTKAX.

2.  Kak popmupyetcs Harpy3ka Ha MO4YBY BHIpAaOOTKHU B COOTBET-
ctBuu ¢ runote3oit II.M. [{umbapeBuya?

3. OObsgcHUTEe TEPMHUH «OOKOBOM Pacrop BTOPOIo MOPSIKA» B
teopuu B.J[. Cnecapena.

4.  KakoBbl puzndeckre NpeAnoChUIKH, JEkKaIUe B OCHOBE T'U/I-
POAMHAMHUYECKOW TEOPUH IMydeHUs TOpHbIX mopoa A.I1. MakcumoBa?

5.  OcobenHocTy (HU3NYECKON MOJIETH MyUYECHHS TTOPOJ] TIOUBHI B
BbIpaboTKax 1o B.A. JIbiTkuny?

6. ®usuyeckoe 000CHOBAHUE MOJIEIN MTyYEHUS MTOPO/I TOYBHI B
BbIPaOOTKaX, OCHOBAHHOW Ha TUIIOTE3€ MOTEPH yIPYTOTUIACTHIECKON
YCTOMYMBOCTH MPUKOHTYPHOI0 MaccuBa (OudypkaimoHHas MOJEb sBJIC-
HUS BCITYYUBAHUS MOPOJ] TOYBHI).

/. B ueM coCTOUT OCHOBHOE OTJIMYHME IMIUPUUECKUX METOJIOB
TEOpUH MydeHUs TOPO/JI MOYBHI OT aHATUTUUYECKUX? KakoBbI X TOCTOUH-
CTBa Y HEIOCTATKU?

8.  OxapaktepuzyTe SMOUPUUECKUE 3aBUCUMOCTH, MPEJI0KEH-
Heie FO.3. 3acnaBckum ist BBIpaOOTOK ¢ MydYalei moyBo.

9. B dem cyTb BEpOSATHOCTHO-CTATUCTHUYECKOTO METOIa OTIPEIe-
JIEHUS TapaMeTpOoB Mpoliecca mydyeHus, pazpadorannoro M.JI. UepHsikom?

10. B 4em cOCTOUT HETOCTATOK AMIMUPUIECKUX METOIOB OIICHKHU
My4YEeHUs B TOPHBIX BBIPAOOTKAX?

11. KaxkoBa mocie10BaTeIbHOCTh MOACIUPOBAHUS Ipolecca myde-
HUS MOPOJ] TOYBLI B TOPHBIX BBIPAOOTKAX HA YUCICHHBIX MOJIEIIAX ?
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