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nOBBAEHHE rOFHHX HOPOÄ HA EOJIHMX TJI7BHHAX

PeaioMe. llposeasHO HCcaeaoBaHHe axycTHHecxoii oHepraa, BhmeaaeitoS 
npa acnHTaHHH oöpa3i;oB ropmix nopoa Ha ipexocHoe cxaTxe. IIo HeoKoat- 
KHM pa3HOBHÄHOCIHM nOpCA ycTaHOEJISH eÄHHHÄ XapaKTep MSMeHSHHÄ cystMap- 
aoä axyciHiecKGä aHepraa npa noBumesmH Qokoboto A^saeHaa. OcoÖeHaocia 
3TOä 3aBHCaU0CTE CBH3HBaaiSCH C H3UeH6HHeM MexaHH3Ma A0$OpKHpOBaH2.ü,

Bbicoxxe AaBJieKKH, AeficTBympre Ha ó o j i l i m í x  rjiyöHHax, 
npeAc Ta&aiUDT coöofi cnenn$iraecxiie v c j i o e h k ,  xoTopue b h o o h t  

3HaunTeabHbie H3MeHenna b  $H3HK0-MexaHiraecKHe cBOficTBa, 
onpeAejTHDnpie CKJioiiHOCTb ropHHx nopoA k xpynKOMy AHHaMH- 
uecKOMy pa3pyineHHE, T.e. hx noTeHiptajibHyB yAapoonacnocTb.
[Io3TOMy b nocjieAHee speMH Öojibmoe BHKMaHne yAeaaeTCH 
K C caeA O B aH H H M  K a n  $ h 3 H k o —M e x a H H u e c K H X  c b o M c t b ,  T a x  k  

caMHX npopeccoB Ae$opMHpoBanna h  paapymeHna ropnux nopoA 
b ycxoBHKxt MOAeJiHpymnpix rxyôHHHoe 3aneraHHe, T.e. b 
ycaoBHHX BbicoKoro A&BJieHHH.

npofiaeMa nporH03npoBaHna ropHHx yAapoB a&naeTca oa- 
Hofi H3 HaxÓojiee cjioxhhx h BasKHHX . KpynrejM maroM b HayuHOM 
peaieHHK 3 to fi npofiaeMŁi CT&ao pasBHTHe noAxoAa, b kotodom 
ouar ropHoro yAapa paccMaTpKsaeTca c nosHUHfi (tjH3HKn h  wexa- 

hhkh paspymeHHH. Ilpa 3Tom HapfiAy c yueTOM (basnwecKHX 
OBoficTB ropHHx nopoA nax nacTHoro csyuaa TBepAoro Tea a 

ocoóoe BHKMaHwe yAejiaeTca BHBBJieHHB x no,caeAObbhhb yHH- 

BepCaabHKX $H3HUeCXHX 3aXOHOB Ae$OpMHpOB8HKB K pa3pymeKKfî.

OnwH H3 THKHX 3aX0H03 -  38K0H AOArOBeUHOCTH, -  yCTHHCBJieH

SypxoBHM [i] : paapyiaenxe MexarareecxH HarpyseHHoro TBep-
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floro Tejía npoHexoflHT He TOJibKO npH flocTrateHKH npeflejibHOÍ! 
HarpysKH, a HBJiaeTca nisnib 3aKjnouHTejibHotí cTaflHeñ eflHHoro 
npoqecca HaieonjieHHH noBpe*fl9HHñ, cKopocTb KOToporo 3aBH- 
c m t ot MexaHH«íecKoro HanpaxeHua h TeMnepaTypu Tejía, Aoji- 
roseuHocTb Z  npn fleñeTBHH oflHoocHopacTHrMBajoiqero HanpHse~ 
hhh 6  h TeMnepaType Tejía T onucHBaeTca ypaBHeHHeM SypKOBa:

r *  z0 u-'k f 6') ,

rfle U. - 3Heprna aKTHBannii nponecca paapymeHHH, 6flH3Kaa 
no BejiHtiKHe aneprnii MexaTOMHiix CBH3e8; ¡f - CTpyKTypHKÍS ko- 
3$(JrameHT, xapaKTepn3ynmM8 JiOKBJibHKe nepeHanpaxeKHa; k - 
nocTOHHHaa BojibiíMaHa; T0 - Koa^anpieHT, coBnaflaranptíi no Be- 
nwnHHe c nepnoflOM TeruiosHX KoneóaHHK aTOMOB b TBepflOM Te- 
Jie.

3TOT 3EK0H ofijiaflaeT HHBapHaHTHOCTbIO no OTHOmeHKB x $H- 
3hko—wexaHvmecKHM m reoMeTpn«ecKHM napaMeTpaM ofibeicTa,
T.e. npHMeHHM fljia aiHpoKoro xpyra TBepaux Tejí c pa3JiMUHHMK 
CBOñCTBaMH H He3aBHCHM0 OT KX paSMepOB - OT Jia6opaTOpHHX 
o6pa3poB ropnux nopofl flo qejiHKOB, yuacTKOB MaccuBa h flaxe 
ynacTKOB 3eMH0ñ icopu npH 3eMneTpaceFHBx.

3Has napaMeTphi ypasHeHHB, moxho npeflCKa3aTb BpeMH pa3- 

pymeHHH, oflHaKO, xax noKa3WBa»T TeopeTnuecKHe pafioTbi h 

BKcnepHMeHTanbHHe pe3yjibTaTH -  c jiorapH<£MHuecKO0 toiíhoctbio. 

Ecjim napaweTpw He MoryT 6htb touho oripeflejieHK, Kax, Hanpn- 

Mep, b ouare roTOBameroca ropHoro yflapa hjm 3eMaeTpaceHna, 

oqeHKa flojrroBeuHOCTK OKaabiBaeTca 6ecnojie3Hofi. KpoMe Toro, 

flan coctohhhh TpexocHoro cxaTHH ypaBHeHHe flaa flOJiroBeuHoc- 

th eme Óojibme ycaoxHaeTca. 3to , TeM He Menee, He yMaaaeT

3HaUMM0CTH OCHOBHO0 $H3H9eCK0B HfleH, a MM3HH0 TOrO, UTO 

pa3pymeHHe h ero noflroTOBKa paccuaTpHBaioTca kbk npoqecc, 

pa3BHBaxc(H0CH bo BpeMeHH ot MOMeHTa npwiojKeHHa Harpy3KH 

uepe3 HaKOixaeHHe fle$eKTOB (noBpexfleHKB) k MaKpopaspymeHHB.
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K iiH e T H t ie c K H ñ  e io a x o a  k  p a s p y m e H M »  O T K p a B a e T  n p H H q H n H a jib H y œ  

B 0 3 M 0 K H 0 C T b  n p o r H 0 3 a  M a K p o p a 3 p y m e H H H  h  y K a 3 b iB a e T  nyTH p e ~  

meHHH 3 T 0 Ä  n p o Ó jie M H  -  H 3 y ^ a T b  h  K O H T p o jin p o B a T b  ca M  n p o q e c c  

H a K o rm e H H H  n o B p e s tA e H u ß . 3hbh e r o  x a p a K T e p H h ie  c t s a h h ,  mokho 

y K a 3 a T b  c  To ft h u h  h h o ä  t o ^ h o c t b ío  MOMeHT n e p e x o f la  b  3 a ju i iw M -  

T e jib H y io  c t s a k b  M a K p o p a 3 p y m e H H H .

KyxceHKO [2] , pa3BHBaa Ha 3T0ß ocHOBe MOAeib pa3pyme- 
HHH h Hccjieflyn HaKonxeHHe noBpe*AeHHfl, ycTBHOBHJi, trro b 
o6meM npoqecce pa3pymeHHH roproß nopoflu, k & k h TBepfloro 
Tejía Boodqe, ot MOMeHTa np k xosehhh Harpy3KH ao OKoaqaTejib- 
Horo MaKpopa3pyineHHH mojkho buaomtb A®e ocHOBHue ciaAHH. 
riepBLH - KBa3 HCTaqnoHapHaa ctsahh CBH3 SHS c noHBJieHHeM mh- 
KpoHapymeHHß ciuiohihocth (b ochobhom - c o6pa30BaHneM Tpe- 
nAIH), HeKOppejIHpOBaHHHX B npOCTpaHCTBe H BpeMCHH, T.e. 
pacnpeAejieHHHX b npocTpancTBe h BpeMeHH xaoTnaecKH. IIpH 
AOCTMKeHHH HexoTopoß noporoBOfi KOHqeHTpaqHH TpenpiH Hamrna- 
eTCfl BTOpaS CT3AHA pa3pymeHHH, IlpOHCXOAHT HHTeHCHBHOe CJIH- 
HHHe u yKpynneHHe TpeąMH, npuBOAHrçee k ycKopeHHB o6pa30Ba- 
HHH onara pa3 pyn¡eHHH. lipa 3tom coöhthh BTopoß ctbahh hocht 
B3 anMoo6ycjioBJieHHHñ, KoppejiHpoBaHHbiß xapaKTep.

An« o d p a a q o B  K O H e u H o ß  B e x ir a iH H  bih  O T A e jib H u x  q e x n K O B  

n p a  n o A 3 e M H o ß  O T p a Ö O T K e  3 T a  c t s a h h  3 a B e p m a e T c f l  O K O H u a T e jib -  

HbiM p a 3p y in e H n e M . ftn a  Ö ojibm H X M a ccH B O B  p a 3 B H T n e  3 T o r o  n p o -  

q e c c a  n p a B e f t e T  k  p a 3 p u B y  Ö o x b in o ß  o ß j ia c T H  h  To p M O xem ao  H a  

r p a H n q e ,  r f l e  y c j io b H H  a m  e r o  p a 3 B H T H H  m c h h e t c h .

IlosTOMy A M  cjieaceHHH 3a npoqeccoM pa3pymeHHH b ropHHX 
nopoAax HeoÓxoftHM MeTOA, no3BOAfiœn(Hfi noxyqHTb HH^opMaqwo 
o pa3 Mepax h KOHqeHTpaqHH odpaayDąracH TpeąnH noA Harpy3- 
Koß. 3TOMy Handoxee noJiHO OTBeuaeT weTOA axycTsreecKoß 3mmc- 
chh (A3). Oh ocHOBaH Ha hbjibhhh n3JiyaeHKH ynpyrHX b o m  npa 
odpaaoBaHHH TpeąnH, npHusM npaiaennM a m  he<5hx wacmTaÖHHX
ypOBHeñ TpeapiH, OT MMKpOCKOnnaeCKKX AO KHAOMeTpOBHX. IIp H  

3TOM MeHHeTCH XHfflb qaCTOTHHß AHMa30H H3XyUeHHH y H p y T H X
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bojih, Mcnoxb30BaHne sToro MeTOfla flaeT bo3moxhoctb yxasaTb, 
Ha kokoS ctsahh pa33HTHH HaxoAHTCfl AaHHbiiS npoqecc H KaK 
AaxeK oh ot KpHTHqecKHX, Hey c to Si ukbhx coctohhh8, KOTopue 
MoryT npHBecTH hah k odpa30BaHnn KpynHoii TpenpiHH, hah k 
ropHOMy yAapy (seMneTpHceHwo). HaTypnoe HCCAeAOBaHHe npeA- 
BecTHHKos pa3pymeHHB b yAapoonaoHbix 30Hax msccmbob ropHux 
nopoA npoABHraeTCH oneHb MeAJieHHO, Tax ksk CTaTHCTHKa rop- 
hhx ysapoB HeseAHKa. IIo3 TOMy qeAeHanpaBAeHHuft AadopaTopHbift 
BKcnepHMeHT no Ae($opMHpoBaHHX> h paspymsHH» odpasnos ropHHx 
nopoA n03B0AaeT 3HaHMTeAbH0 COKpaTHTb CpOKH HaKOIlAeHHH 
AaHHbix o CBOftCTBax npoqecca TpemHHoodpa30BaHHH, o ahhsmh- 
uecKHX xapaKTepHCTHKax npeAsecTHHKOB h odxJeKTHBHtrx cnoco- 
6 ax hx KonoAbsosajHHH ash nporao3a.

ycTaHOBAewffle b nocxeAHHe r o w  3aK0HH MacmTafiHoro noAo- 
6hh npoqeccoB TpenpiHoodpaaOBaHKH, aHasorroi b cbo8ctb8x pfi- 
Aa npeAsecTHHKOB paspyme.HHH Ha paaHOM MaemTadHOM ypoBHe, 
HeKorojHe A0Ka3aTexbCTBa aBTOMOAeAbHocra npoqecca noAro- 
TOBKM AHHSMHtieOKHX HBASHKfi npHABKST OCOfioe 3HaU8HH6 MOAeXb“ 
HHM HCCAeAOBaHHHM.

Ochobhhm, Ha Ham B3rxHA, HBAHeTCH pemeHne a a ^ a m  pac- 
no3HaBaHHH odpa3a roTOBHAjerocH pa3pymeHHH b ycAOBHHx, mo- 
AeAMpy*3G(KX pa3AHrabie CKTyaqHH b MaccHBax roprejx nopoA Ha 
doxbmux rxyfiHHax - SyAeT ah pa3pyrae.HHe xpynKoe, AHHaMHnec- 
Koe HAH BH3K0e, CnOKOftHOS.

J j f lH HCCA6A0BaiiHH npOqeCCOB IIOArOTOBKH H pa3BHTMH pas- 
pymeHHH b xadopaTopHbix ycAOBHHx npoBeASHH KcmrraHHH odpaa- 
qoB Asyx tmiiob nopoA - wpawopa f̂araKan h necnaHHKa /¡xepra- 
AaH (KMprascKaH CCP). KcnHTarasH na Tpexocnoe cxaTHe npOBO- 
Aham no cxeMe KapMana: = coast , rAe 6^,61,^-
rAaBHHS AefleTByrapie HanpHsteHHH „ UxxMHApsraecKHe odpasqb? a h- 
aMeTpoM 30 m  h  b h c o t oK 60 m m , H3roTOBAeHHtse c b h c o k o R to- 
tfflocTbB, b cnequaabHOfl rHAP0H30XKpyraiefi odoaonKe ycTaHasxH— 
Basil b Kawepe sucoKoro ASBAeHHH, c m oKTnpobaHHofi Ha npecce
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(pnc.1). Ilocne c(5opa KaMepu HacocoM cos.uaBajin b Heft błico-  

Koe flaBneHHe, CTa6miK3npyeMoe peccHBepoM. KpoMe Toro, ot-  

nHHHTejibHofi ocoCeHHoeTbB KaMepu HBjiBeTCH HajiH^He KOMneHca- 
PHOHHOfi nonocTH, o6ecneuMBaBDqe{ł ;^K3MeHH0CTb AaaneHHH npn 
nepeMemeHHH niTOKa bhk3 b npopecce HarpyxeHMH npeccoM. fla- 
nee Ha co3flaHHoe rnAPocTaTHnecicoe A&BJieHue HanaraeTCH oce- 
Boe cacHMajoąee ycnjine npecca F  h npou3BOAHTCH Ae$opMiipoBa- 
Hue 0Ópa3pa biuiotb flo pa3pymeHHH hjih 3anpeAejibHoro ngacTH- 
yecKoro TeneroiH.

Phc.I. CxeMa 3KcnepHM8HTanbHoi? ycTaHOBKH:
H - Hacoc BbicoKoro A&sjieHHH, P - peccHBep, 0 - o6pa3eq,
A - «aTtiHK A3, HBK - H3MepHTejibH0~BbmHCflHTegbHbilt KOiauieKc 
Ha (5a3e KOi-n.ioTepa GM 1420, F  -  ycmue npecca.

Rya. 1. Schemat stanowiska badawczego
H - pompa wysokiego ciśnienia, P - odbieralnik, O - próbka, 
d - czujnik AE, HBK - zespół pomiarowo-obliczeniowy na ba

zie komputera CU1420, F - nacisk prasy

B TeneHHH 3 KcnepHMeHTa Ha caMonncqax HenpepuBHO peruc— 
Tpnpy»TCH Harpy3Ka na o6pa3qe h ero npoAOJibHan h nonepen- 
naa ,ąe$opMamiH b BHfle AHarpaMM " HanpH*eHne-npoAOJibHaH as- 

k  "HanpfflseHHe-nonepenHaH Ae<f>opMaqHa". 3th noita- 
3aHHH CHHManTCH MeTOAOM TeH30MeTpHH. OAHOBpeMeHHO B Tene- 
hmh Bcero sKcnepHMeHTa BeAeTca HenpepuBHoe HaÓjnuReHHe aKy- 
cranecKofl 3mhcchh o6pa3qa, BoenpHHHMaeMOfi AaTnHKOM A3 «



perncTpnpyeMoi? KOMnbBTepoM. PerHCTpaiwn aKycTHHecKHx chp- 
hojiob (AC) BefleTCH (5e3 uacTOTHoro aHajiH3a b nojioce uacTOTC /»
10 - 10 Fp b BHfle 3anHcn iun Kaacfloro CHraana ero aMroiHTy-
flbl, fiJIHTejIbHOCTH H BpeMeHH OaCHflaHMH, T.e. BHTepBajia BpeMeHH 
MeKfiy fiBym nocBe^oBaTejibhumh AC. TaKMM o6pa30M, cóop aicy- 
CTHuecKOfi MH^opMaiiHH BefleTCH b peaume peanbHoro BpeMeHH,
HTO B AEUlbHefóuieM f la e T  B03M0BCH0CTb HSyHRTb AHHaMHKy A3 H 

n o  MeTKaM BpeMeHH H a flnarpaM M ajc ” H an p iD K eH n e-A e$op M au n H " , 

npocT aB JiB eM H x b o  BpeMH 3K cn ep H M eH T a, c o n o c T a B J if lT b  KapTHHy 

pa3BHTHH A3 h n p o y e c c  fle$opM H p oB aH H fl.

HarpyjKeHHe Be:iocb b peacHMe nocTOHHHoS np0H3B0flHTejib- 

hoctk cwiOBofi ycTaHOBKH npecca. 3 t o t  peatHM nosBojineT c o -  

3AaTb $HKCHpOBaHHŁ!e, HfleHTHHHŁie yCBOBHB HCnHTaHHi? npH nepe-  

xofle o t  0Ópa3ua k o6pa3yy h oÓecneunBaeT conocTaBHMOCTb 

pe3yjibTaT0B. KpoMe Toro, TaKOfi peacHM HarpyaceHHH, Ha Ham 
B3rjiflA> b Óonbinefi CTeneHH cooTBeTCTByeT pean moim ycjioBHSM 
b MaccHBe, qeM Apyrne, HanpHMep, peatHM nocTOHHKof? cKopocTH 

AefopMHpoBaHHH hjih peacHM nocTOHHHofl CKopocTH HarpyaceHHH. 

ypoBeHb npoH3BoflHTejibHocTH cHJioBofl ycTaHOBKH npecca B npo- 

BeASHHhnc HcnHTaHHHX o6ecneHHBaji CKopocTb HarpyaceHHH npHMep- 

ho 0^  0 ,2  Mila/c no oyemce b ynpyroii 30He AHarpaMMU 

"HanpfDKeHHe-fleęfopMaijHH".

B  n e n T p e  BHHMaHHH aHajiH3HpyeM bnc xapaK TepH C TH K  n o n y t i a e -  

MOft B 3KCnepHM eHT8X HH$0pM8HHH HaXOflHTCH 3H ep reT M K a n p o y e c -  

c o b ,  npoTeK aioinH x b  ropHbnc nopoflax n p n  fle^opM H poBaH H H  h 

pa3pyiueH M H , n o c n o j ib K y  Ha ocH O B e no3HaHHH km ch h o  B H e p r e T H -  

iiecK H X  3aK 0H 0M epH 0C T eii B03M0acH0 n o c T p o e H H e  n p o r H 0 3 a  cm ib i 

AHH3MHHeCKHX HBJieHHtf H HX pa3pym a»!pH X  nOCJieAOTBHK. AKyCTH-

n e c K a n  3 m m cc h h , Ha aojho KOTopoił npHxoftHTCH nacTb ofiipeft 

sHepreTHKH, HeceT HH^opMayna o HaKaruiHBairapeftcfl b nopofle 

MexaHHHecKo£i BHeprHH h e e  BbicBoGoatfleHHH.

B paÓOTe BHHorpaAOBa h flp. [3 ] b ontiTax no pa3pymeHH» 
o6pa3yoB onpeflejiaeTCfl npoyeHT ynpyroii aHeprHH, HaKonaeHHoii 

b o6pa3pax h nepexoAHiąeii b ceficMoaKycTHńecKy». Ilpn con oc-

156______ ____________________________________B.A. MaHcyHOB, B.H. MejBęjtm



noBeąeHHe ropanz nopoą.. 157

TaBJieHHH cyMMapnofl oHeprHM H3AyueHHhix MMnyAbcoB 3a npewa 

HarpyxeHHH oöpasqa Ao noTepa m  Hecyn?eñ ciiocoÖhoctm c  yn- 

pyroß 3Heprnefi, HaKorjieHHoñ bo BceM oßteMe oÓpa3qa, nojiy- 

ueHO, uto B ceñcMoaKycTHuecKy» nepexoAHT 0 ,0004  -  0,1% o t  

HaKoruienHoñ ynpyrofi oHeprHH. IIpKueM s  Ta a o a h  cymecTBeHHO 

3aBHCHT OT CKOpOCTH HarpySeHHH H He 3aBHCHT OT MX npOUHO- 

CTH. C yMeHbmeHHeM CKOPOCTM AeiJopMaUMM flOÆH CeÜCMOaKyCTH- 

uecKOM 3HeprMM pe3K0 yMeHbmaeTCH, Tax Kan yMeHbmajoTCH uh- 

CAO H BHeprMH B03HMKaSH(MX HMnyAbCOB. OTO OÔBHCHHeTCH TeM, 

uto c yMeHbmeroieM CKopocTK a©$0PM8hhm ßoAbme ynpyrofi onep- 

THH 3aTpauHBaeTCH Ha nmacTHuecKHe AeèopMaqHH h H3MeHeKHe 

CTpyKTypbi MaTepnajia, BCjieACTBHH uero yMeHbmaeTCH uacTb 

s a n a ceH H O ñ  MexarauecKofi anepruM, BHAeAHsomaKCH b BHAe axy- 

CTHUeCKHX CHrKaJIOB.
BbiJia Tarae npoBefleHa oqeraca aoah ceßcMoaxycTHuecKO" 

3HeprHM pjia jiOKanbHoñ ouaroBoß sohłi npn MCCAeAOBaHHHx, 

npoBOAHMbix Ha MOAembHbix MaTepnanax UiaMMHofi h BaHnexoM [4] 
IIoAyueHO, uto 3HeprnH ynpyrnx bojih cocTaBAfieT 5% o t  saep -  

THM, HaKoruieHHoñ b ouaroBOM oßbeMe. PasHupa b npHBefleHHHX 

3HaueHHHX flOAM CeßCMOaKyCTHUeCKOß SHeprMH B03HHKa6T M3-3a 

pa3AMUHH MeKfly oÔbewoM o6pa3iia, KOTopHM onepnpyeT BHHorpa- 

AOB, h cyt'u jfi ouaroBHX oßbewoB aah BOSHHKamnHx TpemHH 

(noA ouaroBbiM oÔbmom noApa3yMeBaeTCH oÔAacTb pa3MepoM i5 

rAe i - AAMHa TperçHHbi), c KOToptiMH paßoTaeT ülaMHHa.

BaStHO TO, UTO AÆH $HKCHpOBaHHLDC yCAOBHfi HCXILITaHHH AOAH 
axycTHuecKOß 3HeprHH ecTb nocTOHHHan BeAMUHHa h MosteT cmy- 
XHTb napaMeTpoM oßmefi oHepreTHKH npopeccoB b HarpyaceHHoß 
nopoAe.

OaH0 8  M3 PAaBHHX 38AaU npOBOAMMblX HCCAeAOBaHHß ÓHAO 

onpeAeAeHMe bahhhhh seAKUMHu AaBAeHUH b KaMepe ( BeAHUHHLi
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HanpnxeHHÍi ^  ^  ) na napaMeTpbí A3 np« fle$opMHpoBaHKS! ro-
pHbix nopofl. SHepma Kaatfloro AC paccwrHBanacb c TowocTbio

o
flo nocTOHHHoro K03$$HqHeHTa KaK E = A B, rfle A - aMiMHTyfla 

ornSaiomefi AC h B - fljiHTenbHOCTb AC Ha nopore AHCKpHMHHauMM. 

Aajiee onpeAejiHjm cyMMapHoe auycTHuecitoe sHeproBbiflejieHHe, 

T .e . cyMMy aneprafi Bcex 3aperHCTpnpoBaHHbix AC o t  MOMeHTa 

naprana oceBoro HarpymeHHH o6pa3qa ,n,o MOMeHTa flocTusteHHH 

npe,ąejia npouHocTK. Momcht MaKpopa3pymeHHfl min 3anpep,enbHO~ 

ro Ae$opMnpoBaHHH b noflcueT 3Heprnn He BKjZEPaeTca, nocKOJib- 

K y  HMeHHO no pasBHTHD npoqecca nop,rcTOBKH pa3pymeHHH flo 

npe^ejia npouHocTH HeotfxoAHMO oqeHHTb npoqecc 3a npe^ejiOM -  

SyAeT Jim pa3pymeHHe xpynKoe mu  B«3K0e.

HcnbiTaHHH ofipasuoB MpaMopa m necpaHHKa np« noBbnneHHH 

AaBJieHMH b KaMepe ot 3KcnepnMeHTa k oKcnepMMeHTy noKaaajia, 

UTO npOPHOCTb 0Ó6HX nOpOA 3aK0H0MepH0 B03paCTaeT. Oakbko 

npH 3 to m  cyMMapnaa aKycTwiecKaa aHeprua H3MeHaeTCH HeoAM— 

H a K o s o ,  Aaate npoTHBonojioaHO. y  necnaHioca cyMMapHoe axycTH- 

pecKoe 3HeproBHA6JiSHMe B03pacTaeT (pH c.2a), a y  MpaMopa 
CHMmaeTCH (p u c.2 6 ) .

Puc. 2. H3MeHeHHe npoPHoeTM <5* u cyMMapHoro aKycTM- 
pecKoro 3HeproBHAejieHHH E np» noBumeHHH pa6onero ASBJieHMa 
B KaMepe: a -  necpaHKK, 6 - MpaMop.

Rya. 2. Zmiana wytrzymałości 6 i całkowitego akustycznego wydzielania energii £ przy zwiększeniu ciśnienia roboczego w komorzei a - pieskowieo, b - marmur
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&icKa3aHo npeAnojioxeHHe, oßbacHanmee x o a  3&bhchmoct6(I 

E( 6^ ), uto npM yBenHweHHM AaaneraH b HcnuTaTejibHofl Kawepe 

BO BpeMH fle$OpMHpOBaHHH rOpHOfi nopOflJJ fleftCTBylDT flse npoTH— 

BOÖopcTByrauHe TeHAemiHH. C oahoB cTopoHti -  noBbnneHHe npou- 

HOCTH MaTepnajia, yBejiHueHHe sHeproeMKOCTM pa3 pymeHHfi h,

KaK cjieftCTBHe, pocT cyMMapHoro aitycTHuecKoro SHeproBbiAeJie- 

hhh; c Apyrofl cTopoHH -  n3MeH8Hne HanpaseHHoro coctohhhh, 

b pe3yjibTaTe KOToporo npenMymecTBeHHbifi Mexann3M pa3pymeHHH 

ropHoß nopofliJ b komChhehhh CABHroB h otpmbob o t  oTpuBHoro 

nepexoAHT k cABnroBOMy, uto conpoBO»AaeTCH cHHKeHneM BHAe- 

jiaeMoñ aKycTHuecKofl 3Heprnn. Ha MeHbmyu 3HepreTHUHocTb cabh- 

roBux npoueccoB no cpaBHeHHB c otphbhhmh yKa3biBaiOT paßora 

Mxuuepa [5 ] h CTaBporma [ô] . Miojuiep OTMeuaeT, uto cHr- 

Hanbi A3, B03HMKa«qHe npn CABnre h ih  OTpuBe, 3HaunTejibHO 

OTjiHuajoTca no $opMe. y  curHSJiOB o t TperçuH CKOJib*eHHH HaßjiD- 

AaeTca ciuibHoe 3aTyxaHHe, y cnrHajiOB o t  TpenpiH OTpuBa -  

cjiaßoe. CooTBeTCTBeHHO OT;inuax)TCfl ohm h no 3 HepraflM: chth&~ 

jia A3, bo3HMK810BIH6 npH OTjHBe, HwecT ßojibmyx) BHeprrao. B 
paßoTe CTaBporMHa noKa3aHO, uro yBejiHueHHe HanpaaeKHH 

npHBOAHT k yvieHbfflerono ofirçero uwcjia AG, a oßbflCHHeTCH 3to  

noBumeHHeM ruiacTHUHOCTH nopoAW.

KoHKypeHAMfl yKa3aHHbix TeHAeHiytft noBhimeHHfl h CHH*eHna 

axycTHuecKoß sHeprra npn yBejiHueHHH HanpaxeHni! ^  ^  h

onpeAejineT ktotobhä ßajiaHc b aicycTHuecKoß sHepreTince b 

KasAOM KOHKpeTHOM cjiyuae.

IloBeAeHMe MpaMopa npw hh3khx ASBJieHHHx hoc ht o thoch- 

TejibHO xpynKHß xapaitTep. 06pa3UH pa3pymai)Tca no MHOsecTBy 
anocKOCTeß c  cmibHHM ApoöneHHeM MaTepHajia. IlpH bhcokhx 

AaBJieHHHx (30 Mila) noBeAeHHe MpaMopa hocht apno BbipaaceHHHß 
BH3KHß xapaKTep. Ha AHarpawMe ” o6pa3Hb¡ abut rxy6o~
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KyD 3anpeAejibHy» BeTBb m, blixoaa Ha ocTaTOtmyn npouHOCTb, 
npoAOAKajoT KBasHnjiacTutjecKoe Ae$opMnpoBaHMe, He pa3pymaacb. 
üecyaHMK B tom we Anana30He Öokobhx AaBj¡eHnñ He npeTepneBa- 
eT TaKHx cymecTBeHHux H3MeHennfi b Ae^opMiipoBaHHK h pa3py- 
meHHH. IIo BHfly oÖjiomkob oöpa3ya h no flHarpaMMaM " 6T- C  "  

MOKHO jiHiDb OTweTHTb, oto ero xapaKTep MeHHeTCH c 6ojiee 
xpynKorc npn A&BJieHHH 0,1 Müa Ha Menee xpynKHñ npn Aaßjie- 
h h h  30 MTIa.

3 t o t  (Jbkt nocjiyKHji ocHOBaroieM pjin npeflnojioweHHH, o to  

necwaHHK MoxceT HMeTb c t o j i ł  *e 3HaqnTejibHi;e K3MeH6HHH b Me- 
XaHHSMe AStpOpMHpOBaHUH, OTO H MpaMOp, HO npH ÖOJiee BbICOKHX 

AaBAeHHHx B KaMepe, nocKOJibKy npouHOCTb caaraiomnx ero  mh- 

HepanoB, HanpwMep, KBappa, cocTaanHxxziero 50$ nopoAH, b A e- 

ch tk h  M A ase coTHH pa3 npeBbnnaeT npo^HOCTb KaabpHTa. 3 h b - 
u h t , h b ero  axycTHuecKoß sHepreTHKe npH AocTaTonno Öojib- 

iiikx AaBJieHüHx aojiwho npoH30ßTH CMeiqeHMe ßananca b CTopoHy 

yMeHbmeHHH. CooTBeTCTBeHHO mowho npeAnojiowHTb, o to  h Mpanop 

MMeeT oÖjiacTb npeHMyrçecTBeHHoro bjihhhkh nepBoß TeHASHUtHH, 

b KOTopofi 3Heprnfl A3 B03pacTaeT, ho npn Manux BejinyHHax 

AasjieHHfi, pacnoAoweHHbïx Mesyiy Hcnojib30BaHHtiMH 3HaueHHHMH

* 0,1 h 10 Müa.
IloaTOMy 6biJio npoBeAeHO HecKOjibKO cepnfl axcnepHMeHTOB 

Ha o6pa3uax aHanorHHHtix pa3H0BHAH0CTeß MpaMopa h necwaHHKa. 

ÍAH MpaMopa Anana30H M3MeHeHHH 6^ 6ha CMeiqea b oÖaacTb 

Majibix, a  AAH necnaHHKa pacnmpeH b oßjiacTb 6oAbmnx 3Haae- 

hhA. 3 th  3KcnepHMeHTH noKa3ann, o to  ysejiHyeHHe fi&BJiemiñ b 

KaMepe BH3HBaeT pocT cyMMaproß axycTHuecKOß 3Hepnui E, 
BHAeAHitM;eflca npn Ae$opMHpoBaHHH o6pa3UOB. P o c t 3HeproBH- 

AeaeHHH AOCTMraeT MaKCHMyMa npn AaaneHHHX 100 Müa aah nec- 
uaHHKa I h npH 150 Müa aah necHaranca 2 (pac.3a). ÄanbHeß-



noBejreme ropHies nopofl...

mee noBumemie flaBJieHMfl conpoBoaflaeTCH yMeHbmeHHeM BHeprmi. 
3aBMCHM0CTb E( ), noJiyueHHaH no pe3yjibTaTaM HcnbiTaHHH 
iąsyx pa3HOBHflH0CTefl MpaMopa, Tarace HMeeT yuacTOK pocTa, 

MaKcniJiyM npn <5̂  = 3 MTla n yuacTOK cna^a (p u c .36).

E, n-3

Puc. 3. 3aBHCHMOCTb cyMMapHoro anycTnuecKoro 3 HeproBbi- 
flejieHHH E ot BejnmHHŁi paóouero flaBJieHHH b KaMepe: a - nec-
uaHHK, 6  -  MpaMop.

Rys. 3« Zależność całkowitego akustycznego wydzielania 
energii E od wielkości ciśnienia roboczego w komorze* 

a - piaskowiec, ¡b >- marmur

T s k h m  oĆpaaoM, BucKa3aHHŁie panee n p e fln o B o sce H H fi n o j i H o c -  

T b B  n o flTB ep TK flaiD TC H : h  j y i a  Mpawopa, h  a j i h  necuaKHKa M s.w eH e- 

HHe anycTHuecKoro sHeproBHflejieHHH c poctom Cokoboto AaBJie- 
h h h  npoHCxoflnT oJiHHaKOBŁiM oópa30M, OTpaatafl H3MeHeaKH b Ae~ 

ijińpMflTTHOHHMr npoqeecax u MexaHH3Ke fle$opMHpoBaHMH. SaBHCK-

M O CTb E( 6*2 ) H M e eT M aKCHM yM , K O T O p a fi MOJKHO T p a K T O B a T b  K B K  

n e p e x o f l  o t  x p y n K o r o  k  B H 3K 0 M y  T u n y  p a s p y m e H H H .

B jia6opaTopHbix 3KcnepHM6HTax, MOflejrapyraąiDC ycaoBHfl 
pa3pyneHHH b nopoflHOM MaccKBe, ajih jiBÓoii nopoflhi noBŁnneHHe 

BcecTopoHHero n a m e w m  cnocodcTByeT nepacofly ot xpynjcoro
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noBeAewHÄ k MSKOMy. A6coabthh8 aejUMKm tekhx nepexoAHtix 
A&BJiemü y pa.3Hux thiiob nopoA cmabho otjihwsudtch, no3Towy 
pa3HbiM ÖyAeT u nojioaceHHe MaxcwMywa ^hkiîmm E( ö"2 ), oaheko, 
MOKHO npeAnoAOKHTb, uto o6m,nft bha 3mhchmoctm «B/iHeTCfl 
yHHBapcajibHUM pjiñ abÖhx nopoA.
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ZACHOWANIE SIB SKAS, HA DUŻYCH GŁĘBOKOŚCIACH

S t r e s z c z e n i e
Wykonano badania e m i s j i  akustycznej występującej przy p r z e p r o w a d z a n i u  

p r ó b  n a  t r ó j o s i o w e  ś c i s k a n i e  r ó ż n y c h  typów skał. Ha p o d s t a w i e  b a d a n i a  

k i l k u  o d m i a n  s k a ł  s t w i e r d z o n o  t a k i  s a m  c h a r a k t e r  z m i a n y  c a ł k o w i t e j  e n e r 

g i i  a k u s t y c z n e j  p r z y  z w i ę k s z a n i u  c i ś n i e n i a  b o c z n e g o .  S z c z e g ó ł y  t e j  z a l e ż 

n o ś c i  w i ą ż ą  s i ę  z e  z m i a n a  m e c h a n i z m u  o d k s z t a ł c a n i a .

ROCK BEHAVIOR I H  GREAT DEPTHS 

A b s t r a c t
A c o u s t i c  e m i s s i o n ,  r e g i s t e r e d  u n d e r  t r i a x i a l  t e s t i n g  o f  r o c k s ,  w a s

investigated. Universal character of total AE change was determined 
under lateral pressure increase on the example of several types of rocks. 
Peculiarities of this dependence are connected with the change of deforma
tion mechanism.


