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UCCJEJTOBAHUS HATIPSI)KEHUM U PA3PYIIEHUSI TOPHBIX ITIOPOJ]
HA OCHOBE BOJIHOBBIX MTPOLECCOB

K.T. Tasccuoaes, K.M. Makanoe

AHHomauyus. TlokazaHa BO3MOXHOCTb OnpeferieHnst OCTaTo4HbIX U AeNCTBYHOLMX MEXaHUYECKMX HanpsKeHW B rop-
HbIX MOPOAaXxX U TEXHUYECKNX TBEPAbIX MaTtepranax Ha OCHOBE NPUMEHEHWS YrbTPa3ByKOBOW NOMNSPU30BAHHON COBUIO-
BOW (nonepeyHon) BonHebl. [prBegeHa meTogmka onpeaeneHns MexaHU4ecKoro HanpskKeHWs B MaccuBe ropHbIX Mopos.
[MpoaHanunanpoBaHbl pe3ynbraThl NabopaTopHbIX SKCNEPUMEHTaNbHbLIX UCCNEAOBaHWI NokasaTenen yaapoonacHoCTu
rOpHbIX NOPOA. YCTaHOBIEHO, YTO CTAaTUYECKOe pa3pyLUeHMe NPy OAHOOCHOM CXaTuW U paBHOMEPHbIE U3MEHEHUS Ha-
NPSHYKEHHOCTN MArHUTHOTO MOMSI B MPOLECCe HarpyXeHusl SiBMsOTCA Npu3HakamMy HeyoapoonacHOCTM FOpPHOWM MOpo-
abl. [lokasaHo, 4TO OAHMM M3 rMaBHbIX (PAKTOPOB, ONpeensioLMX YAapoonacHOCTb FOpHbIX MOPOA, ABMSETCS HanM4ve
B HMX HEOOHOPOAOHbIX MO CBOEN NPUPOAE OCTAaTOYHbIX HANPSKEHUN, Y4aCTKOB BbICOKOW KOHLEHTPaLMN STUX Hanpsixe-
HWIA B MaccuBe ropHbIX MOpof, YTO COMMAacyeTcs C foKanbHOCTHI0 U MPUYPOYEHHOCTbLIO FOPHBIX YAapoB K pasrioMam
1 30HaM MarmMaTU4ecKMX ropHbIX MOPOA.

Krntoyeeble crioga: ropHasi MopoAa; OCTATOMHOE HAMpPsHKEHWE; YNbTPasBykK; MonsipusoBaHHasi BOMHa; yAapoonacHOCTb;
MarHuWTHoe rorsie; paspyLueHue.

TOJIKYH IPOUECCTEPMHUH HETU3NHJE TOO TEKTEPUHHWH YbIHAJIYYCYH
KAHA BY3VJIYYCYH U3UNJI1]160

K.T. Taxcuoaes, K.M. Maxanos

AHHOmauyus. Makanaga ynesTpagofyLTyK YionallTbipbifraH XKbinbllwyy (TyypacbiHaH) TONKyHAapbIH KONAOHYYHYH
HErnsvHAe TOO TEKTEPUHAErW XaHa TeXHWUKarnbIK KaTyy maTepuangapparsl apakeTTery xaHa Kanablk MexaHukarbik
YblHanyynapabl aHbIKTOO MYMKYHYYNYry KepceTynreH. ToOo TEeKTEPUHWH MaccacklHAarbl MexaHuKasblK YblHamyyHy
aHbIKTOOHYH METOAMKACH! KENTUPUTEH. TOO TEKTEPUHUH Xapblnyy KOPKYHYUYYHYH kepceTkyyTepy 6otoH4Ya naGopatopu-
ANbIK 9KCNepUMEeHTanabIK U3unaeenepayH HaTbikanapbl Tanaooro anbiHraH. Bup okTyk Keicyyna cTatukanbik 6y3ynyy
XaHa XYKTee MpOoLECCHHAE MarHWT TanaacblHblH MHTEHCUBAYYNYIYHYH Gupaei e3repylly TOO TEKTEPUHWH Xapbliyy
KOPKYHYYYHYH XOK 3KEeHOMIMHUH Genrvcy Gonyn GenruneHan. Too TEKTEPUHUH Xapbirlyy KOPKYHYYYH aHbIKTOOYY He-
rmarn ¢paktopnopayH 6vpu 6onyn anapga )apaTtbinbilibl GoloHYa TEKLWM 3MeC Kanablk YbiHanyynapasiH GonyLuy, Too
TEKTEPUHWH MaccvBaepuHaeru Gyn YbiHanyynapabiH XXOropKy KOHLEHTpauusiaHyyyy y4acTOKTOPYHYH GonyLuy, MyHyH
03y MarMarblk TOO TEKTEPVMHUH XapakarapblHa aHa 30HanapblHa TOO COKKyNapblHbIH NoKanayynyryHa xaHa bipaart-
TyynyryHa aan kene TypraHabirsl JanunaeHreH.

TyliyHOyy ce30ep: TOO TEKTEepU; Kanablk YblHanyy; ynsTpagobyLl; yionaaluTbipbliraH TOMNKYH; Xapblnyy KOPKyHy4y; mar-
HUT Tanaacbl; By3ynyy.

INVESTIGATIONS OF STRESS AND ROCK DESTRUCTION BASED
ON WAVE PROCESSES

K.T. Tazhibaev, K.M. Makanov

Abstract. The possibility of determining residual and acting mechanical stresses in rocks and technical solid materials
based on the use of ultrasonic polarized shear (transverse) waves is shown. Methodology for determining mechanical
stress in a rock mass is given. The results of laboratory experimental studies of rock burst hazard indicators are
analyzed. It has been established that static fracture under uniaxial compression and uniform changes in the magnetic
field strength during loading are signs of rock non-shock hazard. Experimental results have shown that one of the main
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factors determining rock burst hazard is the presence in rock the residual stresses which are heterogeneous in nature,
areas of high concentration of these stresses in a rock mass, which is consistent with the locality and confinement of
rock bursts to faults and zones of igneous rocks.

Keywords: rock; residual stress; ultrasound; polarized wave; shock hazard; magnetic field; destruction.

BBenenune. Mexannueckue mpouecchl, MPOTEKAIOIIKUe B TOPHBIX MOPOIaX MpH JeHCTBUM MOUIHBIX yIIPY-
I'UX KoJeOaHni, M3MEHSIOT epBOHAYAFHOE HANPSDKCHHOE COCTOSIHHAE W CTPYKTYPY CpPEIbl, TaK Kak BO3HH-
Kalollie MU ATOM BOJIHBI HECYT B ceOe OIpeesieHHOe KOJIUYECTBO dHEPrui. MOIIHbIE BOJHBI 10 MEpPE UX
pacrpoCTpaHEeHUsI OKa3bIBAIOT JOIOMHHUTENbHBIE YP(EKTH, ¢ UCKaXeHHEeM (OpMBI BOJHEI, YCHICHUEM pa-
JUAJIbHOTO AaBJICHHS, IOBBIIIEHHBIM 3BYKONOINIOIIEHHEM. BenencTBie Bo3eiicTBUS BOJIH 00yCIaBIuBaOTCs
ocobeHHOCTH Ae(hOpMHUPOBAHHS TOPHBIX MTOPOJ, M3MEHSIETCS MPOHUIIAEMOCTh BOJOTA30HACHIIIEHHBIX TIOPO],
YCHJIUBAIOTCS Fa30BBIACICHHS U3 )KUIKOM (ha3bl U MPOUCXOASAT U3MEHEHUs X TeruonpoBonHocty. [loxa nei-
CTBHEM MOIIHBIX MHTCHCHBHBIX KOJEOAHMH, B TOPHBIX MOPOIAX MOXET Pa3BHBATHCS aKyCTOIUIACTHICCKUI
3¢ dexT, KOTOPBIN BIUAET HA MPOYHOCTh U TUIACTHYHOCTb TOPHBIX MOPOJ. A MPH aMIUIUTY/aX HampsKEeHUS,
MIPEBBIIIAIONINX TIPEeNl YIIPYTOCTH, MPOUCXOISIT HEOOpaTUMBIE M3MEHEHUSI MEXaHHUECKUX CBOUCTB. B oT-
JMYUE OT CTaTUUECKOrO PEXKUMa HArpyKEHHUs, BHYyTPEHHHUE HAIPsDKEHUs!, BOSHUKAIOIIUE B TOPHBIX TOPOAAX
IO ICHCTBHEM YIIPYTHX KOJICOAHHH, pEaKCHUPYIOT HECKOIBKO CEKYH/I TIOCIIE UX MPEKPAIICHHsI, HE OCTaBIISA
JIOJITO JACHCTBYIOLINX OCTATOUYHBIX HAMIPSKEHHM.

[Tpn IMITYITECHBIX TMHAMUYECKNX BO3ICHCTBIUSIX HAa TOPHYIO ITOPOY B IPEeNax yIpyrocTH, UMEIOIIHe-
Csl B [IOPOJIE OCTATOUYHbIE HATIPSKESHUS CHUKAIOTCS, M [TPU MHOTOKPATHBIX TAKUX BO3ACUCTBUAX 3TU HaIpsiKe-
HUS MOTYT TIOJTHOCTBIO pa3rpyxarbes [1].

DKCIIePUMEHTAIBHO JTOKAa3aHO, YTO MOJ JACUCTBUEM YIPYTUX KoneOaHWN KOIMYEeCTBO Ae(PEeKTOB U AMC-
JIOKAIMii yBennInuBaeTcs. [Ipu HU3KMX yacToTaxX YIpyrHe BOJTHEI ¢ OOIBINON aMIUTUTYHOM CIIOCOOCTBYIOT I10-
SIBIICHUIO HOBBIX J1e(DEKTOB U aKTUBU3UPYIOT PACKPBITHE CYIIECTBYIOIIMX MaKpO- U MUKPOTPEIIHH.

OKCHEePUMEHTAIBHBIMI HCCICAOBAHUSIME JOKa3aHO, YTO YeM MEHBINE NMPOHUIAEMOCTh TOPHBIX TOPO,
TeM Oosblie 3PPEeKTUBHOCTh BO3ACUCTBUS yNPYrux BOJH. [Ipu 3TOM KO3 PHULHUEHT NTPOHULIAEMOCTH MOXKET
BO3pPAcTH B JeCATKH pa3. C yBenn4eHHEM TeMIepaTypsl CHIDKaeTcs 3(p(eKTHBHOCTD BO3ACHCTBHSI BOJH Ha
MPOHUIIAEMOCTh TIOPO/IbL. [Ipu moBkIIeHHH TeMepaTypsl ¢ 25 10 65 °C ona cHmkaetcs B 4—8 pas. Dddek-
THUBHOCTH TEIUIONIPOBOAMMOCTH B TOPHBIX TIOPOJax MPH PacIpOCTPAHEHUH MOIIHOH yIPYTol BOJHBI yBEIH-
YUBAETCS, OJHOBPEMEHHO YBEIMUMBAIOTCS TEMII M 30Hbl HArPEeBa CPebl.

C nmpyroii CTOPOHBI, MaJOMOIIHBIE YIETPa3BYKOBBIC BOJTHBI MOXKHO HCIIONB30BAaTh UIS PACHO3HABAHUS
MEXaHMUYECKUX HaNPsHKEHUH B TBEPIBIX cpeax. DT0 BO3SMOXKHO, HAITPUMED, PU UCTIOIb30BAaHUH TS 9TOH Lie-
JIM TIOJISIPU30BAHHBIX CIIBUTOBBIX (TIOMEPEYHBIX) MAJOMOIIHBIX (“‘Hepa3pymaoniux’’) yABTPa3ByYKOBBIX BOJIH,
TaK KaK TaKhe BOJHBI MMEIOT OINpeeIeHHOE HampaBjeHUs (HampaBlieHHE BEKTOpa IMOJSPU3ALUHU), TO €CTh
OHH BEKTOPHBIE, a KaK N3BECTHO, MEXaHNUECKHE HAIPSDKEHHUS, KaK M BEKTOPHBIC, OBIBAIOT COKIMAIOIIIUMH FITH
PaCTATMBAIOLIUMHE, U MOTYT UMETh Pa3HbIE MPOCTPAHCTBEHHbBIE HATIPABJICHUS KaXKIBIN U3 STHUX HAIIPSHKESHH.

MeTtonbl ucciaenoanusi. Ha ocHoBe akcniepuMeHTanbHbIX uccienoBanuii K. T. TaxxubaeBbim [2, 3] Obuia
YCTaHOBJIEHA 3aKOHOMEPHOCTh U3MEHEHUs] OTHOCUTEIIbHON BEIMUMHBI CKOPOCTHU YJIBTPA3ByKOBOM MOISAPU30BaH-
HOH CIIBUTOBOM BOJIHBI OT H3MECHEHHUSI MEXaHUUECKOTO HAIIPSHKEHHS B TBEPIIBIX MaTepHaax. 3aKOHOMEPHOCTD 3a-
KITIOYAeTCsl B TOM, YTO U3MEHEHHE MEXaHUUECKOro HAIPsHKEHHS B TBEPBIX MaTepuaiaX, B TOM YHCIIE B TOPHBIX
MOpoZaX, IPHBOAUT K IIPOTIOPIIMOHATIEHOMY H3MEHEHNIO OTHOCHTEIIFHON BETMUMHBI CKOPOCTH YIIBTPa3ByKOBOM
C/IBUTOBOI TMOJISIPHU30BAHHON BOJIHBI, TIPOXOAAIICH B HAIlPaBIECHUH, MEPIEHIUKYISPHOM K HalpaBlICHUIO AeH-
CTBUSI HaNPSDKCHUSL. B pesynbrare TEOPETHIECKUX W SKCIIEPUMEHTAIBHBIX MCCIIEIOBAHUN TIOMydeHa (GopMyra,
TIO3BOJISIOILAS OIIPEACTUTD 3HAK M BETMUMHY JACHCTBYIOIINX, A TAKOKE M OCTATOYHBIX HAMIPSHKEHUI B TBEPIBIX Ma-
Tepuanax (3akoH Kymbakamm). @opmysia, oTpaxaromnias JaHHY0 3aKOHOMEPHOCTb, UMEET CIIeAyroIui Bus [3]:
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tne Vo, V,, V., — CKOPOCTH NPOXOKIAEHUS MONEPEUHOMN MOJISPU30BAHHOM YIbTPa3sByKoBOW BOHBI 110 X, Y,
Z cooTBeTCTBeHHO; V), V),V — CKOPOCTb CABUIOBOH MOJSIPH30BAHHON YIBTPA3BYKOBOW BOJIHBI IO Ha-
npaBieHusM X, Y, Z pu OTCYTCTBHHU HANPSDKEHHS (HEHArpYKEHHOE COCTOSHHE, 0€3 OCTAaTOUHBIX HAIpsKe-
HUi1); K — BOTHOBOH MOJyNb HANPSKEHUs MaTepualla, UMEIOLUNH pa3MEpHOCTb HaNpsKeHUs (HOBast XapakTe-
pUCTHKA TBEPAOIr0 MaTepuaa).

W3MepuB CKOPOCTh CABUIOBOM NOJISPU30BAHHON YIBTPa3ByKOBOM BOJIHBI, €CIIM U3BECTHO 3HAYEHUE BOJI-
HOBOTO MOJIYJsI HANPsDKEHUS, 0 Gopmyrne (1) MOKHO ONpPEAeInTh JCHCTBYIOIINE U OCTaTOYHBIC HAIpSIKe-
HUA. BennumHa BOSHOBOTO MO/ HAaNpsDKCHUS MarepHana (TOpHOW IOpOJIbl) ompeselsiercs B laboparop-
HBIX YCJIOBUSIX.

HanpsokeHus1 B IOPOAHOM MacCHBE, MOXKHO OIIPEIEIUTD 110 CACTYIOIIEH METOAUKE:

1. B mopomHOM MaccuBe IO 3alaHHOMY HANpaBJICHUIO, HATIPUMEP, IO OCH Z (BEpPTHUKAIBHOC HAIpPaB-
JeHue) npoOypUBalOTCs JBE MapaijelbHble CKBAXXUHBI (LUIMYpPbl), C PACCTOSIHUEM MEXJIy HUMH MHOpsIKa
7-15 cM (1 pa3MerieHus mpeodpasoBareieii CIBUTOBBIX BOJH C BBITYKJIBIMUA KOHTAKTHBIMH TIOBEPXHOCTSI-
MU, COOTBETCTBYIOIIUMH HUIUHPUYECKON TOBEPXHOCTH U AUAMETPY CKBAXKUHBI).

2. IloBepXHOCTHM CKBa)XUH IIPEABAPUTENIBLHO OUMUILAIOTCSA U BBICYIIMBAIOTCS, HA KOHTAKTHYIO IIOBEpX-
HOCTb IIpeoOpa3zoBaTeieil CIBUTOBBIX BOJH HAHOCHUTCSI TOHKUII CIIOM KOHTaKTHOH cpesbl (MCKYCCTBEHHBII
Men, monmucaxapusl). Jlanee mpeoOpa3oBaTeay ¢ BEKTOpAME MOJSPU3ANN, HAIPABICHHBIMU IO 33JaHHOMN
ocu Z, cierka (MOCTOSHHOM CHIION) MPUKUMAIOTCS K INIaIKOH LHMIMHAPUYECKOH TOBEPXHOCTU CKBAXUHBIL.

3. K ymerpasBykoBomy npudopy (YK 10 IIM) moncoenunsirorcst mpeoOpa3oBaTei, U Mociie mporpesa
B TeueHHe 20 MuH He MeHee 10 pa3 cHUMaeTCsl OTYET BPEMEHH MPOXO0XKIEHHs CIBUTOBOM BOJIHBI Uepe3 3a/1aH-
Hyt0 0azy (7—15 cm) mpu TouHOCTH M3Meperus Bpemenn +0,01 MKc, 1 jajiee 1o CpeiHel BeJTMYUHE BPEMEHH
OIpenesaeTCs CKOPOCTh CIBUTOBOU YIBTPa3ByKOBOM BOJIHBIL.

3HaucHUE BOJHOBOTO MOIYIS HampspkeHHst K CBSI3aHO C OCOOCHHOCTBIO YIPyTOIUTacTHYecKor aedop-
Malliu OpU CTATUYECKOM C3KaTUH, 00YCIOBICHHOM BEIIECTBEHHBIM COCTaBOM, MEXaHUYECKHMU CBOUCTBAMU
U CTPYKTYpOH MarepuanoB. Takue mMaTepuaibl Kak OpoH3a, OPraHHYCCKOS CTEKIIO, aJIOMUHHNA U JIp., MMe-
I0T OTPULATENbHBIM 3HAK BOJIHOBOIO MOYJIs HAaIPSDKEHUM, OHU OTHOCSTCS K MaTrepuanaM C SIPKO BbIpaXKeH-
HBIMHU IJJACTUYECKUMU CBOMCTBaMM. A Takue MaTepualibl Kak CTajb 3, TOPHBIE IIOPOJIbL, MIOKCUIHASL CMOJa
OJ1-6 UMEIOT MOJOKUTEIbHOE 3HaUCHHE BOJIHOBOro MoAyins. Hampumep, B mpeaenax ynpyrocTu BOIHOBOM
MOJyJIb HanpsikeHus K ocTaBajcs OCTOSHHBIM Ul TAKOTO OJHOPOAHOIO MaTepuaa, Kak dII0KCHIHAasl CMO-
na OJ1-6, cranb 3 u T. 1. {151 MpaMOpPU30BaHHOTO U3BECTHSIKA (MECTOPOXKJeHUE VIHIMUKe), UCIIBITAHHOTO JI0
paspyuIieHus, BOIM3M Ipeiesa MPovYHOCTH, T. €. TpH HanpsokeHun cxatus 120 MIla (paspymenne HaCTynHiIo
npu 121,3 MIla) BOTHOBOIM MOJYJb HANPSIKEHUST PE3KO U3MEHSIETCS, a IPU OCTANIbHBIX HAarpy3Kax B Ipejenax
YIPYrocTH OCTaBajICs IOCTOSIHHBIM.

Pe3yabrarhl ncciienoBanus. Ha ocHOBe yKNpHUBEACHHON 3aKoHOMepHOCTU U (opmyisl (1) pa3paboran
YABTPa3ByKOBOM — NOJISIPU3ALMOHHO aKyCTUUECKUH METO ONIPEEIIEHUs] OCTAaTOUYHbIX U AEHCTBYIOIIUX HaMps-
JKEHUI B TBEpABIX MaTepuaax, B TOM 4icie TOPHbIX nopoaax [4, 5]. [l reoMexaHUKH BeCbMa BasKHO HAIEXK-
HOC OTIpE/eICHNE ACHCTBYIOMINX B MOPOTHOM MACCHBE HANpPSDKCHUH, 0COOCHHO OCTATOYHBIX HANpPSDKCHUIN
TOPHBIX MOPOA. DKCIIEPUMEHTAIBHO JOKAa3aHO, YTO OJUH U3 NIABHbIX ()aKTOPOB, OMPEACIAIOINX YAApOOIac-
HOCTb I'OPHBIX [IOPOJ], 3TO HAJIMUYUE YUYACTKOB BbICOKOM KOHLIEHTPALIMU OCTATOUHBIX HAIPSXKEHUN B HUX [6—8].

B pab6ote [9], mOCBAILIEHHON M3y4eHHIO yAaPOOMACTHOCTH TFOPHBIX MOPOJ, MPOBOJWINCH IKCIEPUMEH-
TBHI HAa YCTAHOBKE JUISI U3MEPCHUS ICKTPOMArHUTHBIX m3nydeHuii (OMU) npu nedopMupoBaHny TOPOTHBIX
00pa3LoB B Cllyyae UX OJHOOCHOTO Harpy:KeHus 10 paspyueHus. [Ipu nccnenoBaHuy pyaHbIX U MOPOIAHBIX
KepHOB TaImrTaroasCKoro y1apoomnacHoro eae30pyIHOT0 MECTOPOKACHHUS ObIII0 oTMeUeHo crneayromee. [1o-
pOzHBIE 00pas3libl pa3pyLIaalch B OCHOBHOM C XJIOMAKOMIUM (MHOIZA CTPEISIOLMM) 3BYKOM; IPU pa3pylie-
HUM 00pa30BBIBATNCH HECKOJBKO PA3JICTAIOMINXCS OONBIINX KYCKOB M MenKas Kpomuka. IlopogHbie KepHBI
3bIPSTHOBCKOTO MECTOPOXKJCHUS pa3pylIaluch Ha OOJNbIINE KyCKH ¢ 00pa30BaHUEM KPOUIKM C XJIOMAOIIUM
3ByKoM. [Ipu npoBeneHNH 3KCIIEPUMEHTOB BBIJEJIEHO HECKOJIBKO BUIOB pa3pyllIE€HUs ¢ XapaKTE€PHBIMU IIpU-
3HaKaMHU: “IIaBHBIM CIAJIOM HAarpy3Kd — MPaMOPU30BaHHbIH U3BECTHSK (PUCYHOK 1, a); MHOTOCTYEHYATHIM
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MaJIcHIEeM Harpy3KH — MEJIKOWTOJBIATHIM MEJKO OI0uHBIN Ty (pHUCyHOK 1, 0); pe3KUM OIHOCTYNEHYATHIM
MaJIeHUeM Harpy3Ku — MaCCUBHBINA MEJIKO3EPHUCTBIN CUEHUT (PUCYHOK 2). ABTOPBI OTMEUAIOT, YTO «JJIsl 00-
PAas3I0B MPaMOPH30BAaHHOTO M3BECTHSKA, MPHHAMAICKANMX K “TIaCTHYHBIM” mopozaMm (o* = 14.6 MIla, rae
G * — IpeJesl MPOYHOCTH Ha OJIHOOCHOE CXKATHUE), XapaKTepPHO “‘CIIOKOHHOE” pa3BUTHE Mpoliecca paspylie-
HUS C JOCTaTOYHO TUIABHBIM MaJIeHUEM Harpy3ku (pucyHok 1, a). Curramsl DMU peructpupoBauch yxe
Ha ctaauu Harpyxenus (0.4—0.6) o*. bonee mpouHble ropHbIe OPOJIBI, HATPUMEP 00pa3Libl METKOOIOYHOTO
MEJIKOUTOIBYATOTO Ty(ha M MarHETUTOBOW PyAbl, HAYMHAIN H3JIydaTh UMITynbchl OMU Tonbko mpu Harpyske,
nocrurawoueit (0.6—0.8) o*, npu 3TOM aMIUTUTYbl CUTHAJIOB YBEIMYUBAIUCH U MAJECHUE HArpy3Ku (paspy-
mreHue o0pasia) MPOUCXOANIO HECKOIIBKUMHE CTYIEHAMHE (pUCYHOK 1, 6). Pe3koe ogHOCTymeHUaToE macHue
Harpys3Ku (pa3pylieHue) y IpOYHbIX M XPYIKUX 00pa3oB KBapLUTa 1 KBapLEBOro CUEHUTa (PUCYHOK 2) Ha-
6mromanocs aums pu (0.8—0.9) 6%, mpu 3TOM peructpupyemMsie Toku MU nocTurany 3HaYCHUH B HECKOJIb-
KO NIECSTKOB M JTaKE COTCH MHUKpoamIiep. JTOT (PaKkT OTpaskaeT CHOCOOHOCTh MPOYHBIX M XPYIKHX MOPOI
HaKaIUIMBaTh YIPYTyIo SHEPTUI0 0e3 MHTCHCHBHOTO TPEIIMHOOOPA30BAHMUS, YTO MOXET CBHJCTEIHCTBOBAThH
0 CKJIOHHOCTH ATHUX THIIOB IOPOJI K YIapoonacTHOCTH» [9].

Crnenyer OTMETUTb, YTO aBTOPAMH TTOYUICHBI BEChMa TTOJIC3HBIC M HHTEPECHBIC SKCIIEPUMEHTATIBHBIC pe-
3yJBTAThl C TOUKH 3PEHUS UCCIIEOBAaHUS XapakTepa U MeXaHu3Ma pa3pylleHus pa3HbIX 110 TeHE3UCY U CTPYK-
Type TOpHBIX Topoa. I[loaToMy mombITaeMcst CO CBOCH TOUKH 3pPEHUSI a/ICKBaTHO HHTECPIPETUPOBATH ATH pe-
3ysbTaTel. HaM mpencTaBisiercs, 4To Ooliee COKOWHOE pa3pylleHne o0pasia MpaMOPU30BaHHOTO U3BECTHS-
Ka 0e3 CKauKoB, U MPAKTHUCCKH PAaBHOMEPHBIC N3MEHEHHS HAMpPsHKEHHOCTH MarHuTHOro nosnst (H, MxA/wm),
HayMHas ¢ Maiblx Harpy3ok (0,4 6*) W BILIOTH 10 Ha4aso o01ero paspymenus ( pucyHok 1, a, K,), ceaszano
C TEHE3HCOM, CTPYKTYpOH, OTCYTCTBHEM OCTATOYHBIX HANPSDKCHUHN, pABHOMEPHBIM Pa3pyIICHUEM TPaHHII 3e-
PCH, HauMHAasl C MAJIBIX HATPy30K, PaBHOMEPHBIM 00pa30BaHUEM HOBBIX ITOBEPXHOCTEH, 00YCIIaBINBAIOIINX
MIPAKTHYCCKU PABHOMEPHYIO IMHUCCHIO HJICKTPOHOB, IPUBOIIIINX K O0Jiee WIIN MEHee MOHOTOHHOMY H3MEHe-
HUIO DJIEKTPOMArHUTHOTO U3TYUYECHHUS.

ITpn ucneiTanny 00pasiia MPaMOPHU30BAHHOTO W3BECTHAKA MECTOPOXKACHUS IHTHUKE B YCIOBHSAX OHO-
OCHOTO C)KaTHsI aBTOPHI HAOIIOMAH TAK)KE CIIOKOMHBIN XapakTep Ie(pOpMUPOBaHUS (B IIPOIOIHHOM H IOTIE-
pPEYHOM HaNpaBJICHHUAX) U “‘CIIOKOHHOE” pa3pylieHHe ¢ 00pa30BaHMEM MHOXKECTBA KYCKOB pa3HOH (pakiuu.
[IpenBapuTesbHble UCCIEIOBAHUS TOKA3aIl OTCYTCTBUE OCTAaTOYHBIX HANps KeHUI B JaHHOM o0paslie mpa-
MOPHM30BAHHOTO M3BECTHSKA U ITO3BOJIMIIN CUMTATh IaHHYIO IOPOy HE yaapooracHoii [10].

CryneHuarslii XapakTep claja Harpy3Kd IpH UCIBITAaHUK 00pa3lia MEIKOUI0JIb4aTOr0 MEJIKOOIOYHOTO
Ty(a (pucyHok 1, 6) cBsi3aH ¢ 00pa30BaHHEM CAMHUYHBIX (IBYX) MaruCTpaibHBIX TPEUINH B pe3yjIbTare pas-
PYIIEHHU} TPAHMUIl MEIBKUX OJIOKOB, U3 KOTOPIX HE3HAYUTENbHBIC U3JTyUeHHs TOKOBBIX (pucyHok 1, 6, K, K,)
¥ JIEKTPOMArHUTHBIX (PUCYHOK 1, 6, K,) n3nmyuennii n3-3a He3HaYNTETLHOCTH SMUCCUH SJIEKTPOHOB. [[Be Ma-
TUCTPAJIBHBIE TPEIIMHBI OTMEYEHBI TOJIBKO Ha TpeTheM rpaduke (K, ) 1Byms BCIIEKCaMU TOKOBOTO MMITYJIBCA.
Bo03MOXXHO 3TO CBSI3aHO ¢ OIM3KUM PACTIONOKEHHUEM COOTBETCTBYIOIIETO JATUMKA K yUYaCTKaM MaruCTaIbHbBIX
tpemud. CpaBHUTENbHAS 3HAYUTEIBHOCTD [UIOTHOCTH 00pa3sia JaHHOU ropHO#l nopossl (mopsiaka 4 r/em?),
BO3MOJKHO, CBsI3aHA C HAJIMYHMEM MeTauia B mopone. Mcxomst u3 MenKoOIOuHON M UToNbYaTol CTPYKTYPHI
Y YKa3aHHBIX BBILIE [TOKa3aTejIel AIeKTPOMAarHUTHBIX U3JIy4eHUi py aedopMalii U pa3pyLIeHUH, JaHHYIO
TOPHYIO TIOPOAY, HA HAIII B3IV, HEJIB3sl OTHECTH K yAapOOMacHOM.

Obpamaor Ha ceOe BHUMAHKUE 3HAYMTENbHBIE U3MEHEHUsI TOKOBBIX (pucyHok 2, K, K,) u snekrpomar-
HUTHBIX (PUCYHOK 2, K,) IMITyIIbCOB ¥ COOTBETCTBYIOIIMX M3JTy4€HHH U3 00pasia MaCCHBHOTO MEJIKO3EPHHU-
CTOTrO CHEHMTA I10CJIE MOJIHOTO CHATHUS BHEIIHEH Harpy3ku (pucyHok 2). Takue uaMeHeHHs OOBIYHO HAOIIO-
JIAIOTCS ITOCIIe TOPHOTO yapa B BUE a(hTEPIIOKOB, U 3TO, KaK MPABUIIO, XapaKTEPHO JUIS TOPHBIX MTOPOJ (Mar-
MaTHYEeCKUX, THIPOTEPMAlIbHBIX), UMEIOMIUX 3HAYUTEIbHbIE T'€HETHYECKUE WM HABEIEHHBIE OCTATOUHbIE
HanpspkeHus. VimeroTcst ¢akThl 00pa3oBaHUs TPEIIUH, “‘caMOpa3pylieHUs” OIIOKOB, KyCKOB TOPHBIX MOPOJ
IOCJIE OT/IETICHUS UX OT MOPOAHOTO MAaCCHBA U IPU OTCYTCTBUM KaKHX JINOO BHEIIHUX HATPY30K MIIM BO3/IEH-
ctBuil. Takue “camopaspylieHus’ He TOJIbKO FOPHBIX IIOPOJ, HO MHOIZNA U METaJIJIOB, APYIMX TEXHUYECKUX
TBEPJBIX MaTepHaIOB, IPOUCXOIAT 3a CUET MPOSBICHUS OCTAaTOYHBIX HanpspkeHult [9, 10]. Takum obpaszom,
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METKO3epHUCTOTO creHuTa [9]
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K.T. Taoscubaes, K.M. Maxanoe

OCLIJIOTPAMMBI U MPEACTABICHHBIC 3AIIUCH AJICKTPOMATHUTHBIX M TOKOBBIX CHT'HAJIOB IPH pa3pylIeHUH 00-
paslia MaCCUBHOTO MEJIKO3EPHHCTOIO CUEHUTA, CBUAETEIBCTBYIOT O CKJIOHHOCTH 3TOM TOPHOU MOPOJBI K JAU-
HaMHUYECKOMY pa3pylleHuto. /[aHHas ropHas opoja 1o BCEM IpU3HaKaM OTHOCUTCS K yJapOOIIacHOM.

BbiBoabl. Crartnueckoe paspylieHre o0pas3iia MpaMOPU30BaHHOTO M3BECTHsIKA 0€3 CKAuKOB U MPAKTH-
YECKU PaBHOMEPHBIE U3MEHEHUs! HAlIPSDKEHHOCTU MAarHUTHOTO I10JIs1, HAYMHAsl C MaJIbIX Harpy30K U BIUIOTb
JI0 HayaJia OOIIEro pa3pylIeHus, CBA3aHO C TeHE3UCOM, CTPYKTYPOM, OTCYTCTBUEM OCTAaTOYHBIX HAIPSIKEHUH,
PaBHOMEPHBIM pa3pylICHHEM TPAaHHIl 3ePEH, HAUWHAs C MAJbIX HAarpy30K, pAaBHOMEPHBIM 00pa30BaHUEM HO-
BBIX [TOBEPXHOCTEH, 00YCIOBIMBAIOIINX TPAKTUYECKN PABHOMEPHYIO SMUCCHIO 3JIEKTPOHOB. JlaHHas ropHast
[I0poJa OTHOCUTCSI K HEYIapOOIIaCHOM.

CryneH4arslii XapakTep claja Harpy3Kd IpH UCIBITAaHUK 00pa3lia MEIKOUI0JIb4aTOr0 MEJIKOOIOYHOTO
Tya cBs3aH ¢ 00pa30BaHUECM CIMHUYHBIX (IBYX) MATUCTPANBHBIX TPEIIUH B PE3yIbTaTe pa3pylICHUH IPaHHI]
MEJIKUX OJIOKOB, M3 KOTOPBIX HE3HAUUTENIbHBI U3JyYEHHsI TOKOBBIX M JEKTPOMArHUTHBIX M3IIy4YE€HUH H3-3a
HE3HAUYUTEJIbHOCTH AIMUCCUU IEKTPOHOB. [laHHas TopHasi 10pojla OTHOCUTCS K HEYIapOOIIaCHOM.

OcuuiorpaMMbl U MpeJCTaBIEHHbIE 3alUCH JIEKTPOMArHUTHBIX M TOKOBBIX CHUTHAJIOB NpU paspylie-
HUH 00pa3lia MACCHBHOTO METKO3EPHUCTOTO CHEHHUTA CBHCTEIBCTBYIOT O CKIIOHHOCTH 3TOH FOPHOH TTOPOJIBI
K IMHAMHUYECKOMY pa3pylieHuto. JlanHas ropHas mopoja 1o BceM MpHU3HaKaM OTHOCHUTCS K yIapOOIacHOM.

Hoctynuna: 22.03.22; peuensuponana: 05.04.22; npunsra: 08.04.22.
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