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AHHoTauuA. Llenbio uccnenoBaHus ObiNO OLEHWTb BO3MOXHOCTb MCMOMb30BaHWS OBLLENpUHATOrO KpuTepus
paspyLLeHns TopHbIX NOPOA — Npeaesnia NPOYHOCTY Ha PACTSKEHNE Op, NOSTYYEHHOTO MEXaHUYECKUMM UCTIbITaHNAMM Ans
MPOLIECCOB PACTPECKMBaHMS MOBEPXHOCTHOrO Cros MaccuBa Npu Pe3KoM OXnaxzaeHun. B ctaTbe npoaHanusvpoBaHbl
OCHOBHble Cnocobbl MONyYeHUs Op MPU  PasfMYHbIX BMAAX MEXAHWYECKMX WCMbITAHWA: NPSAMOE  PacTsiKeHue,
pasgaenuBaHue 06pa3LoB HeNpaBWUIbHOM (OPMbI, packanbiBaHWe MAacTWH U3BHE, pa3faBvMBaH1e LMIUHOPUYECKMX
obpa3uoB no obpasytolleit AaBNeHEM W3BHe, pa3faBnvBaHWe 0OpasLOoB AaBMNEHWEM U3HYTPM, MOMEpEeYHbI 13rinb
NOpOAHbIX [WUCKOB, OMEpTbIX MO KOHTYpy. [lokasaHa CyllecTBEHHas 3aBMCUMOCTb Npefena MPOYHOCTU OT CXeM
MeXaHUYeCKNX HarpyxeHui. [poBeaeHO CpaBHEHWe pearbHbIX HaMpPsHKEHWA BO3HWKAKOWWMX B TOPHOW nopoge npu
PE3KOM OXNaXOAEHUM C MOMYYEHHbIMM CTaHAAPTHBIMA UCMbITAHUAMW. OKCMEPUMEHTambHO YCTAHOBMEHO, 4TO
npoaHanuavupoBaHHble nepenagsl TeMnepaTyp MOryT NPUBOAWTL K MOSIBAEHMO TOMbKO PEAKUX OQMHOYHBIX TPELLMH B
cTekne. [ins oGpa3oBaHMs MakpoTpeLH B Mopode - rpaHuT Heobxoaumbl 6onee BbICOKME 3HAYEHUS PasHOCTM
Temnepatyp. PaccMOTpeH BOMPOC KPUTUYECKUX Pa3pbiBHBIX HAMPSHKEHWA B MPEANONOXEHUU, YTO B FOPHOW nopoae
VMETCH MAKPOTPELLMHBI, BbIXOASLLME Ha MOBEPXHOCTb, KOTOPbLIE Pa3BMBAKOTCS B MOMe BCECTOPOHHUX PaCTAMYBaIOLMX
HanpsHKeHU, CO3AAIOLMXCA B TOHKOM MOBEPXHOCTHOM Crioe. YCTAHOBMEHO, YTO MNpeferbHble HanpsKeHWs Crost
NoNynpoCTPaHCTBA 3aBUCAT OT HanNMuMs W BEeNWYMHbI MUKPOTPELLMH B nopoge. [puBedeHbl 3HAYeHUs AnUHbI
MWUKPOTPELUMH [N HEKOTOPbIX TOPHbIX MOPOA, KOTOpble MPMBOAATCA B [BWKEHWE nepenagamu Temnepatyp B
unTepane ot 100 go 600 °C. OTmMeYeHo, HaNpUMEP, NS rpaHuTa, YTo ANUHLI ECTECTBEHHBIX MUKPOTPELLMH B NOPOJE,
Hanbonee YyBCTBMTENbHBLIX K TEPMUYEKCKOMY Pa3pyLLEHMIO, HAYMHAKOT PacTu MpW HaNPSKEHWSX, CO3AAILMXCS C
nepenagamu Temnepatyp ot 100 go 400 C, yto 6mm3ko k mpakTuke. OCHOBbLIBAsICb Ha pesynbTaTax, NokasaHo
HeL,enecoobpasHOCTb MCMOMb30BaHNS CTaHAAPTHbIX NoKasaTenei npeaena NPOYHOCTU FOPHbIX NOPOA Ha paspbiB AN
OLEHKM NPOLIECCOB PaCTPECKUBAHMS MOBEPXHOCTU FOPHbLIX MOPOA MPW TepMOyape OXNaxAeHWeM, TaK Kak pearbHoe
paspyLUieHne MOBEPXHOCTHOrO CMos MOPOA HACcTynaeT NpW HanmpshKEHWSIX paspbiBa CyLLECTBEHHO MPEBbILLAKOLMX
CTaHAapTHbIE NpeaenbHbIE HaNPSHKEHNS.

KnioueBble cnoBa: ropHas mnopogda, TEPMWUYECKME HANPSKEHWS, WHTEHCMBHOE OXNaXdeHue, cuctema
MUKPOTPELLWH.

Bo3zaeiicTBrEe pe3kuM OXJIaKIACHHEM Ha MOBEPXHOCTh FTOPHBIX MOPO AOCTATOYHO
BBICOKMM  TIepernazoM  TeMmieparyp  sBisgercs  d(PQEKTUBHBIM  CPEIACTBOM
pasynpodHeHus Maccusa [1].

© A.J1. Bacunees, O.B. flugak, B./. Kpaseu, B.®. aHkesuy, A.B. Kyu, 2020
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[Ipy »TOM OXJaXAECHUE MOXKET OCYIIECTBISITRCA KaK HHU3KOTEMIEpaTypHBIMU
XJIaJI0areHTaMu 10 TIOpOJie HAXOSAIIUMUCS B €CTECTBEHHOM COCTOSIHUH, TaK U
TEPMOIUKIMYECKUM HarpykKe€HHUEM, KOTJia IMOopoja BHayaje HarpeBaercs, a 3aTeM
OXJIAXIACTCS BOJIOM.

O¢ddexTuBHOCTh TaKOTO CHOCO0a BO3IACHCTBUA OOBICHSAETCS TEM, YTO TMPHU
OXJIQXJIEHUHU TOBEPXHOCTM B HEW pPa3BUBAIOTCS BCECTOPOHHHME PACTATUBAIOIINE
(ycaouHble) HaMpPSKEHUS, @ U3BECTHO, YTO COMPOTUBIISIEMOCTD MOPOJ HA pa3phiB HA
MOPSOK HUXKE, YEM COMTPOTUBISIEMOCTD CXKATHIO.

Ecnu paccMatpuBaTh TOPHYIO IOPOY KaK U30TPOITHOE, YIIPYTO€ TBEPOE TEIO CO
CBOMCTBaMHU, HE 3aBUCSIIMMU OT TEMIIEpATyphl B pPacCMaTPUBAEMOM JHAIa30HE
HarpeBa WM OXJaXJACHHUS, TO MPU PE3KOM OXJIAXKICHUU IMOBEPXHOCTH MOPOABI B
BEpXHEM CJIO€ Tapa/UIeIbHO TPaHMIIC BO3HUKAIOT pPaBHBIE PACTITHBAIOIINE
HanpspKeHust [2]

_ PEAT

- )

O
rie E — momyne FOHra moponbl; f — KO3QOUUHMEHT JIMHEHHOrO pacUIMpPEHHUS
nopoasl; AT — pasHOCTh TEMIIEpaTyp MEXKIY Ha4aJIbHOW TEMIIEPATypOU MOpoAsl T\
U Temreparypoil oxnaxnaromen cpensl AT =Ty —T ., u4 — xkosbdunuent Ilyaccona

TIOPOJIBI.
BoO3HUKHOBEHHE pa3phIBHBIX HANPSIKEHUH B IOJYIPOCTPAHCTBE IIPH PE3KOM
OXJIAXKJICHUH CXEMaTHYCCKU ITOKa3aHo Ha puc. 1.
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Pucynok 1 — pactsaruBaroniyie HalpspDKEHUS B MOJTYTIPOCTPAHCTBE TOPHOM MOPOBI IPU PE3KOM
OXJIAXKACHUM.

[Ipy >TOM WHTEHCHBHOCTH OXJIAXKJICHHS MPEIIOJIaraeTCsi JOCTATOYHO BBICOKOM,
onuskoit k rpannvHbIM yeinoBusM I poga (I'Y 1 pona). B pa6ote [3] mokaszano, 4To
HanboJiee SHEPTETUUECKH BBITOJAHO, C TOUYKH 3PEHHUS TEIUIOBOTO y/apa, YBEIMUYCHUE
ko3 duImenTa Terochema o 10 npenenos mopsaka 10? Br/m* K u manpreiimee ero
YBEJIMYCHUE HE BJIMSCT HA YCJIOBHS MPOTEKAHUS TEIUIOBOTO yJapa, TO €CTh MOXHO

CYUTATh, UYTO INPUMEHEHHE OXJAXKIAKLIMUX CTPYyU C « >10*Br/M*K B pacyeTHOM
mane yaosuersopser I'Y 1 pona.

Crnenyer NpeamnoyioKHUTh, YTO PA3pbIB MOBEPXHOCTHOIO CJIOS TOPHOM IMOPOABI
HACTYIIUT TOI'AA, KOTJIa CO3AI0IIMEC B IOPOAE TEPMUUYECKUE HAIPSIKEHNUE IPEBBICSIT
IIPEAENbHBIE O, , KOTOPBIE PACCMATPUBAIOTCS KAK CONPOTUBIIIEMOCTh TOPHBIX TIOPOL

PaCTSKEHUIO (Pa3pbIBY) U ONPEIETSIOTCS, KaK MPaBUIIO, IKCIIEPUMEHTAIBHO [4].
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CYIJ_IeCTByeT MHOT'O CIIOCOOOB OKCIICPUMEHTAJIBHOI'O OMMPCACICHHA 3HAUYCHUA Gp

JUIS KaXJA0M KOHKPETHOM TopHOM mopojabl. Cpeau OCHOBHBIX CIIOCOOOB CIEayeT
BBIJICTIUTh TaKHUE: MPSAMOE PACTSHKECHHE, pas3/IaBiIMBaHHE OOpa3IlOB HENPaBHIHHOM
(hopMBbI, pacKaJIbIBaHHE TIJIACTHUH JaBJICHUEM M3BHE, pacKaJblBaHUE WJINHIPUYECKUX
00pa3IoB 1Mo oOpa3yrolell JaBICHHEM H3BHE, pa3/IaBiMBaHHe 0OpasloB JaBJICHHUEM
W3HYTPH, TOTIEPEYHBIA N3rHO TOPOJIHBIX AWCKOB, OMIEPTHIX TIO KOHTYPY. B Tabnwume 1
MPUBEICHBl  JKCIECPUMEHTAIbHBIE  3HAYEHUS  CONPOTUBISIEMOCTH  IpaHUTA
PacTKEHUIO O ), JUIA PasInYHBIX CITOCOOOB MCIIBITAHHH.

Tabmuua 1 — 3HaueHue MpeaesioB MPOYHOCTH MPAHUTA Ha PACTSHKEHUE O p B 3aBUCHMOCTH OT

CXEMBI UCTIBITAHUHN 00pa3IioB.

ITopona CxeMma ucoplTaHu| 0'1!,,10_5 H-m?
1. [Ipsimoe pacTsHkeHue 60,8
2. Pa3naBnuBanue o0pas31ioB HEMPaBUIbHON (OPMBI 121,6
3. PackaspiBanue IUIacTUH TaBJICHUEM U3BHE 156,7
I'panut | 4. Pa3zmaBnuBaHue MMWIMHAPUYECKUX 00paA3IIOB IO 00pa3yromiei 97,4
JlaBJICHUEM H3BHE
5. PaznaBnmBanue 00pasioB JaBlIeHUEM U3HYTPU 40,5
6. ITonepeunplil U3rud NOPOJHBIX AUCKOB, ONEPTHIX MO KOHTYPY. 134,1

W3 Tabmuupl 1 criemyer, 4To MOKa3aTeau CONPOTHUBISIEMOCTH PAa3pbIBY OJHON U
TOH K€ TOPHOM MOPOJBI MPU PA3IUYHBIX COCO0AX HUCIBITAHUN MOTYT CYIIECTBEHHO
pa3nyaThCs Mo BenuunHe. HampuMmep, nuamna3zoHsl CpeAHUX 3HAYECHHM BPEMEHHOIO

CONPOTHUBIICHHS PaspbiBy O, IPAaHUTA, IOIYYCHHBIX PA3THYHBIME CIOCOOAMH

cocrasmmn 40,5-10° H/M? — 156,7-10° H/M® — pasuuria B 3,9 pasa.

B OosbmuHCTBE aHanuTH4Yeckux ¢GOpMysl pacdeTa MpOIECCOB U  CPEICTB
pa3pylIeHus TOPHBIX MOPOJ HA OCHOBE MPUMEHEHUS METOJ0B MEXAHUKHW CIUIOIIHOU
Cpeabl M KIACCHUYECKUMX TEOPUU IPOYHOCTH CONPOTHUBISEMOCTh TOPHBIX TOPOA

OLICHUBACTCA BEJIMUMHOM UX BPCMCHHOI'O COIIPOTUBJICHUA PACTAXKCHHUIO Gp.

Cnoco00B 3KCIEPUMEHTAILHOTO OINpPEAENICHHs] JaHHOTO MOoKa3zaTess MpU 3TOM HE
YKa3bIBa€TCsl; OCTACTCsS MPEAINOJIOKNATh, YTO MOAPAa3yMEBACTCs WCIOJIb30BAHUE
OOBIYHOT'O0 METOJIa MEXAaHUUECKHUX UCIIBITAHUHN MPSIMOTO PACTSHKEHHUs 00pa3IloB.

OueHnM, Kak COOTHOCSITCS BEJIMYMHBI TEPMUYECKUX HAIpPSIKEHHM, HapuMep, B
ITPaHUTE, MPU PE3KOM OXJAXKICHUM MOBEPXHOCTH C NPEACIbHBIMU Pa3pbIBHBIMU
HaIPSHKEHUSIMU TTOJTYYCeHHBIMU PA3TUYHBIMUA CTIOCOOAMH.

['padmueckass  3aBUCMMOCTb  BO3HUKAIOIIUX  Pa3pbIBHBIX  HAMNPSHKCHUA B
MOBEPXHOCTHOM CJIO€ TpaHWUTa OT mepenanga temrepatyp AT mpuBeneHa Ha puc.2.

CBoiicTBa rpaHUTa NPUHATHI CIIEAYIOLMMU: [F = 10 1K, E=2,6-10""H/M?, 1=01.
Ecnu ©Ha mpsmoit o, = f (AT )OTIOXATS TOYKM TNPEACNBHBIX Pa3PhIBHBIX

HaHpH)KeHI/Iﬁ o p AJIs1 pa3JIMYHBIX CXEM HCHBITaHHﬁ, TO MOKHO YBHACTL IICPCIIaAbI

Temieparyp AT mHpH KOTOPBIX IOJKHO HACTYHATh HPEIEIbHOE COCTOSHHE Oy =0,
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Y TIOBEPXHOCTh TOPHOHM TIOPOJIbI — IPAHUTA AOJDKHA pa3pyllaThCsl TpEIIMHAMH. Touka
A COOTBETCTBYeT MMHHMAJBHOMY 3HA4YCHHIO O, =40,5-10° H/m? IIPU MCHBITAHUAX
pa3IaBIMBaHUEM OOpAa3IOB JaBJIEHWEM W3HYTpH U b — MakCHMaabHOMY 3HAYCHUIO
o, =156,7 .10° H/Mm? MIPU UCIIBITAHUSIX pacKaIbIBAHUEM IUIACTUH JaBJICHUEM H3BHE.

W3 pucyHka BHIHO, YTO MPEAEIbHOE COCTOSIHME MOBEPXHOCTH TpaHUTa IOJKHO
0
HACTyNaTh yKe npu nepenagax remmeparyp A7 =15-55"C.

o.'10°, H /M2

400

AT, Pc

0 15 50 55

100 150

A — CONpOTUBIIAEMOCTb IPAHNUTA HA PA3phIB IIPU pa3/IaBIMBAaHUU 00PA3II0B JaBICHUEM U3HYTPU;
b — conpotuBiIsieMOCTh 'paHUTa Ha Pa3pbIB IIPU PACKAIbIBAHUY IUIACTUH JaBJICHUEM U3BHE

PrcyHok 2 — 3aBUCMMOCTb TEPMUUYECKHUX PACTATMBAIOIINX HAIPSIYKEHUI HA TOBEPXHOCTU
IPAHMTA OT NIEPENaaa TEMIIEPATyp MPU PE3KOM OXJIAXKICHUU

K ananmormuHoMy BBIBOJY MpHUILIM aBTOpbl [5], yka3biBas, 4YTO YXe Mpu
nepenagax temmeparyp AT =30-40°C Moxer HAacTymaTh paspyIIeHHE CTEHOK
Oypsiiiericss CKBOKMHBI TPH PE3KOM oxiaxkiaeHun. OJHaKo, IKCIEPUMEHTAIbHBIC
WCCIIEIOBaHMsI, TPOBEICHHBIC HAMH, TTOKA3bIBAIOT, YTO TaKUE MEpemnaabl TEMIEpaTyp
MOTYT TPHUBOJIUTH K TOSBICHUIO PEAKUX OJMHOYHBIX TpeuMH B crekie. Jlms
oOpa3oBaHMsI MaKpOTPEIIMH B TPaHUTE HEOOXOAMMBI OoJiee BBICOKHME 3HAUYCHUS
pasHoctH Temmeparyp AT =150—200°C u Gonee, ¢ paspbIBHBIME HAIPSDKCHISIMH

2 .
o > 432-10°H/™>. Hampsoxkenue mnpu KOTOpPOM HACTyNaeT peajibHbI pa3pbiB
MOJIYNPOCTPAHCTBA PACTATUBAIOIIUMH HAMNpsDKEHUsSIMU B 2,75 pa3a OoJibliie, 4em

2
NpezenbHOe O ), :156,7-105 H/M® nmonydeHHO€ MeXaHWYECKUMHU HCIBITAHUSIMU TIO

cxeme 3 B Tabmure 1.
B cnydae oxyaxkmaeMoro MOJYNPOCTPaHCTBA JJIS TOJTYYEHHUS JOCTOBEPHBIX

JaHHBIX IIO O P HGO6XOI{I/IMO IMPOBCCTHU MCXAHHYCCKHC MHCIIBITAHHUA II0 CXCMC

HarpyXeHus: OJMM3KOW K TOM, KOTOpas HMMEET MECTO MPU PE3KOM OXJIaXKJICHUU
ITOBEPXHOCTHOTO CJIOS TOPHOH MOPOABI, a UMEHHO, KaKUM-TO 00pa3oM, B TOHKOM
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IIOBEPXHOCTHOM CJIO€ MOJIYIPOCTPAHCTBA CO3/1aTh MEXAHUYECKHE BCECTOPOHHME
pa3pbIBHbIE HAIPSDKEHUS U (PUKCHPOBATh Hauaja0 MOMEHTA MOsiBIEeHUs TpeuuH. [lpu
ATOM, HEOOXOIUMO YYECTh TOT (DAKT, UTO B 3TOM CIIyyae OTAEJIECHUS KYyCKOB MOPO/bI
WM pa3/eIeHUs MOTyIpOCTPAHCTBA HA OT/IENbHbBIC YacTu He OyaeT. Caenats Bce 3TO
— BeChbMa 3aTPYAHUTEIHHO.

PaccMoTpuMm BOMpOC KPUTHYECKUX Pa3pbIBHBIX HAMPSKEHUH B MOBEPXHOCTHOM
CJIO€ B MPEAMNOI0KEHUN HATMYHSI B TOPHOM MOPOI€ MUKPOTPEIIMHOBATOCTH.

[Tyctb Ha moBepxHOCTH 3a00si WMeEETCS OJMHOYHAs TpellMHA JUIMHON |,
BBIXO/ISIIIIasi HA TOBEPXHOCTH (puc. 3).

[ToBepxHOCTb 320051 MOABEPKEHA NEUCTBUIO PACTATMBAIOLIMX HAIPSDKEHUR o7 .
HanpspkeHust sIBISIOTCS CIIEACTBUEM pE3KOro oxjiaxkiaeHus 3abos. CormnacHo [6]
JUITMHA HAYaJbHBIX (€CTECTBEHHBIX) MUKPOTPEIINH, UTPAIOLIUX POJb B TEPMUUYECKHUX
MmeToax paspyuieHus cocrasiser 0,048-0,85 mm.

6,

= 1( ] 7
\ WV

e _\\_/
Pucynok 3 — Cxema K pacueTy xapakTepa pa3BUTHUSI OJUHOYHON TPELMHBI B 110J1€
pacTAruBarOIUX HaIpsHKeHUH

Tak Kak CIOM HaNpsDKEHHOM MOpPOABI JAOCTATOYHO TOHKWM, a BpPEMS €ro
(bopMHUpOBaHUS B YCIOBHUSIX TEpMOYIapa MaJIo (101U CEKYH/Ibl) TO OyJIeM CUUTATh:

1) Ha moBepxHOCTH 3a00s1 Bcerjga MMeeTcss XOTS Obl OJHa MUKpPOTpELIMHA,
BBIXO/ISIAs1 HA TIOBEPXHOCTH;

2) IMHA TPEUIMHBI U TOJIIIMHA HAIPSHKEHHOTO CIIOSI COU3MEPHUMBI;

3) HanpsKEHUE G B IOBEPXHOCTHOM CJIO€ ITOCTOSIHHO IO BCEH JUIMHE TPEILIHUHBI.

CornacHo Teopur paBHOBECHBIX TPEILIUH - TPELIMHA HEMOABUXKHA, ecu Ny < K,
rae No — kodhpuIreHT MHTEHCUBHOCTH HANPSKEHUN, OTMPEESIsIEeMbI Kak Mpesen
BEJIMYUHBI ap(s)-Sllz npu S—0, 0ps) — HaANPsHKEHWE Ha NPOJOJDKEHUHM TPELIUHBI Ha
paccTosiHUU S OT ee KOHIa; K — MOIyITb CIIeTIeHHsI, paBHBIN MPEIeIbHO TOMYCTUMOM
B BEpLIMHE TPEIIMHbI HHTEHCUBHOCTH HANPSKEHUI (KOHCTAaHTa MaTepuana).

KoadduureHT nHTeHCUBHOCTH HamnpsbkeHuil N 71 TpeniuHbl, BBIXOJAIIECH Ha
IPaHUIy TOJYIJIOCKOCTH, MW TOJBEPKEHHOM BO3JIEHCTBUIO IMOBEPXHOCTHBIX
PaACTATMBAIOIIMX HANPSHKEHUM OMUCHIBAETCS yPAaBHEHUEM

(2)

I ’_|2
Ecnu paccMaTpuBaTh 3aAa4dy KaK KBA3UCTATHUYCCKYIO, IIPUHAB G(X) =01, TO

ypaBHeHue (2) OyaeT uMeTh BU/I:
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NOZ

\/ﬁ@lj‘ dx .
T /lz_xz ’

I/IHTeraJI HMCCT PCIICHUC = arcsi n

(-

a
T 1

oy (arcsinl—arcsin0) =

j dx
J21

X
Ng = ——oq arcsin—
/4 |

Otcrona
|

oyl
1
2 ()

Tak kak ycnosue passutus Tpemussl 7Ny > K, To u3 (3) nmeem

J2K
— (4)
72'\/|_
CrnemyeT OTMETUTD, YTO 3aBUCUMOCTH (4) coBmaaaeT ¢ popmynoit ['puddurca nns

OECKOHEYHOW IUIACTUHBI C NPSIMOJUHEHHON TPEIIMHOW, PACTAHYTOM BHEIIHUMU
HaIlpSUKCHUSIMA O, HAIPAaBICHHBIMU TEPIEHAUKYJSIPHO K JIMHAM OPUEHTALUU

TpeluHsI [7]:
Kv2

|«

0

O']_:

(5)

Ox =

rae |- - nMHa TpemuHbL, MPU KOTOPOM Teno OyaeT pa3pylieHo, €Cl €ro Harpy3uTh
PABHOMEPHO PaCIpENEICHHON HATPY3KOH O« .

N3 3aBucumoctu (4) cienyer, 4To

2K 2
=2 (6)

O'17Z'

dopMmyna MOKa3bIBAECT, KAaKOM JUIMHBI €CTECTBEHHYIO TPEIIMHY B TIOPOJE
IPUBENET B JABWKEHHE HampsbkeHue o. lloacraBum B (6) BMECTO 07 3Hau€HUE

ﬂE( Hazp TOXJZ)

HAIIPSIKEHUSL O = 1 KOTOPO€ BO3HHUKAET B IOPOJIE IPU PE3KOM
—H
OXJaXkaeHuu ot T, naep 1O T,
AT:THaep — Ty
[Tosryunm 3aBUCUMOCTH
2
2(1- u)" K2

(7)
22 BPEAT 2
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OnpenenuM JUIMHY €CTECTBEHHBIX MHKPOTPEIIMH B TOPHBIX MOPOJax, KOTOPHIC
OpuayT B JABMJKCHHE OT Iepernaza Temieparyp Ha moBepxHocT AT . (AT
MIPUHUMAEM OT 100°C 710 8OOOC). DOU3UKO-MEXAaHUYECKHE CBOWCTBA IS IMTOPOJ:
TPAHUT, OJICHETOPCKUI JKEJIE3UCTHI KBAPIUT U TIECYaHUK B3sITHI U3 [6, 8, 9].

JlaHHBIE pacyeTa oKa3aHbl B TaOauIE 2.

Ta6nuia 2 — J[MHa TPEIMHBL, KOTOPYIO IPUBOIKUT B JABUWKEHHUE Tiepenan temmeparyp AT .

Topona HepenaAﬂ ]Twe’l\/éléepaTyp Jnunaa TII\)/IGH_II/IHBI, Jnunaa ;};/IGMI/IHBI,
100 0,0007 07
200 0,00017 0,17
300 0,000077 0,077
['panur 400 0,000043 0,043
500 0,000028 0,028
600 0,000019 0,019
700 0,000018 0,018
800 0,000011 0,011
100 0,00105 1,05
200 0,000262 0,26
Oneneropckuii 300 0,000116 0,12
JKEIIC3UCTHII 400 0,000066 0,066
KBapIHT 500 0,000042 0,042
600 0,000029 0,029
700 0,000021 0,021
800 0,000016 0,016
100 0,0165 16,5
200 0,00412 412
300 0,00183 1,83
[Tecuanuk 400 0,00103 1,03
500 0,00066 0,66
600 0,00046 0,46
700 0,00034 034
800 0,00025 0,25

Tabnua 2 maeT mNOpeacTaBiICHHE O TOM, KaKHe eCTECTBEHHBIC TPEIIUHBI,
BBIXOJIAIINE Ha MOBEPXHOCTh TOPHOU IMOPOJIBI, MPUAYT B ABMIKCHHE MPU CO3JIAHUH
3alaHHOTO Tepenanga Temmepatyp A7 . Hampumep, mpu pe3koM  OXIaXICHUH
noBepxuocti rpamnta ¢ 600°C mo 0°C, B MABIDKCHHE NPHAYT BCE TPEIIMHBL
BBIXOJIAIINE HA TTOBEPXHOCTh, JIMHA KOTOPHIX 60bIie 0,019mm.

AHam3 TaOIUIBI TTOKA3bIBAET, YTO JIJTMHBI MUKPOTPEIIUH ITOBEPXHOCTHOTO CJOS
(HanpuMep, TpaHUTa), KOTOPHIE TPUBOJIATCS B JBIIKEHUE TIEperajaMu TeMIIepaTyp
AT =100 — 400°C npu pe3kom oxiaxaenun 1=0,7-0,043 MM Onu3ku K pa3mepam
€CTEeCTBEHHBIX MUKPOTPEIIMH Han0oJiee YyBCTBUTEIBHBIX K TEPMUUYECKUM CHIOCOOaM
BozaeiicTBus 1=0,85-0,048 MM. DT0 Kak pa3 ¥ MOATBEPKAAET TOT (DAKT, YTO BUIUMbBIC
MaKpOTpPEIIUHBI B TPaHUTE, HAYMHAIOT MPOSIBIIATHCS, MPHU TIEPeragax TEeMIepaTyp
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maunnas ¢ 200°C, NP HANPSOKCHUSIX CYIIECTBEHHO MPEBBIIAIONIMX 3HAYEHUS
peieNbHbIX, MOJIYYeHHBIX MPU CTAaHJAPTHBIX UCTIBITAHUSIX.

Otcrona cnenyeT BbIBOJI, UTO OLIEHKA MPENEIbHOTO COCTOSIHUSI TOBEPXHOCTHOTO
CJIOSI TOPHBIX TMOPOJl B YCJIOBUAX TEPMOYyJapa OXJIKICHUEM C MO3UIIMI: «TrOpHas
MopoJa - TPEIIMHOBATASI CPEay SIBISIETCS HAauOOJIee MPUEMIIEMOM.
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AHoTauis. MeTo pocnigkeHHs Oyno OUHATW MOXIIMBICTb BUKOPWUCTAHHS 3araribHO MPUAHSATOTO KpUTEpito
PYNHYBAHHSI MPCbKVUX NOPIG — rPaHnLi MIiLHOCTI Ha PO3TAT Op, OTPUMAHOI MEXaHIYHMMM BUNPODYBaHHAMM 4Ns NpOLeciB
PO3TPICKyBaHHA MOBEPXHEBOrO Lapy MacuBy MpuW Pi3KOMY OXONOKEHHi. Y CTaTTi npoaHaniaoBaHO OCHOBHi crnocobu
OTPUMaHHS O, NP PI3HUX BMAAX MeXaHiyHUX BUNpODyBaHb: MpPsME PO3TAryBaHHSA, PO3AABMIOBAHHS 3paskiB
HenpaBuIbHOI POPMK, PO3KOMIOBAHHSA MAACTMH 330BHi, PO30ABMIOBAHHA LWMIHAPUYHMX 3pasKiB TUCKOM MO TBIPHIN
330BHi, PO34aB/OBaHHS 3pa3KiB TUCKOM 3CepeaynHu, NONepeYHNiA 3riH NOPOAHMX AUCKIB, ONEPTUX NO KOHTYpPY. MokasaHa
CyTTEBA 3aMNEXHICTb rpaHuLi MILHOCTI Bif CXeM MEXaHiYHWUX HaBaHTaXeHb. [1pOBEedEHO MOPIBHAHHS peanbHUX
HanpyXeHb, L0 BUHUKAOTb B rPCLKIA NOPOAi NpU Pi3KOMY OXOMOMKEHHI, 3 HAaNPYXXEHHAMM, OTPUMAHUMM CTaHAAPTHUMM
BUNpobyBaHHAMN. EKCnepuMeHTanbHO BCTAHOBIEHO, LU0 NpoaHani3oBaHi nepenagn TemnepaTyp MOXYTb MPU3BOANTM
[0 NOSIBU TiNbKW NOOAWHOKMX TPILWMH Y CKMi. [INs yTBOPEHHS MakpOTPIWMH B NOPOA rpaHiT HeobxigHi 6inbl BUCOK
3HAYEHHS pi3HUL TemnepaTyp. PO3rMsHYTO NUTAHHS KPUTUYHWX PO3PMBHUX HampyXeHb Y MPUNYLWEHHI HAasBHOCTI B
MpCbKiM MOPOAI MIKPOTPILLUMH, IO BWXOLSATb HAa MOBEPXHIO Ta PO3BMBAOTLCS B NOMi BCEOIMHWX PO3TAryBanbHUX
HanpyxeHb, SKi CTBOPIOKOTbCS B TOHKOMY MOBEPXHEBOMY Liapi. BCTaHOBMEHO, L0 MPaHWYHI HanpyXeHHs Liapy
niBNPOCTOPY 3anexaThb Bif HASBHOCTI | BENWMYMHM MIKPOTPILUMH B nopogi. HaBeaeHi 3HauYeHHs OBXMHW MIKPOTPILLMH ANs
[esIKUX ripCbKux nopig, Ski NpUBOASTLCS B pyx nepenagamv Temnepatyp B iHTepsani sig 100 go 600 °C. BigaHayeHo,
Hanpuknag, Ans rPaHiTy, WO OOBXWHW MPUPOAHMX MIKPOTPILWMH B MOPOAI, HaWbinbl YyTNMBMX A0 TEPMIYHOTO
PYIHYBaHHSI, MOYMHAIOTb POCTW MPW HANPYXEHHSAX, CTBOPEHNX nepenaaamu Temnepatyp Big 100 go 400°C, wo 6nm3bko
[10 NPaKTUKN. [PYHTYIUMCh Ha pe3ynbTatax, NoKa3aHo HENOLINbHICTb BUKOPUCTAHHA CTAHAAPTHUX MOKA3HWKIB rpaHiLi
MILHOCTI TipCbKMUX MOpig Ha PO3puB ANS OLUHKM NPOLECiB pPO3TPICKYBaHHS MOBEPXHi MPCbKUX MOpia npyu TepMoyaapi
OXOMOMKEHHSIM, OCKIMbKM pearibHe pynHYBaHHS MOBEPXHEBOrO LUapy Mopig HacTae Mpu HanpyKEHHSX PO3puBY, LUO
iCTOTHO NEPEBULLYIOTb CTaHAAPTHI FPaHUYHI HANPYXXEHHS.

Knto4oBi cnoBa: ripcbka nopoaa, TepMiYHi HanpyKEHHS, IHTEHCUBHE OXOSIOMKEHHS, CUCTEMA MIKPOTPILLMH.

Annotation. The purpose of the research was to estimate a possibility of using the generally accepted criterion of
the rock destruction - the tensile strength o obtained by mechanical tests - for the processes of cracking of the surface
layer of the massif at its shock cooling. The authors analyze main methods of obtaining o; for various types of
mechanical tests: direct tension, crushing of samples of irregular shape, plates fissuring from the outside, crushing of
cylindrical samples along the generatrix by external pressure, crushing of samples by internal pressure, cross-bending of
rock disks supported along the contour. In the article, a significant dependence of tensile strength on mechanical loading
schemes is shown. Real stresses arising in the rock at shock cooling are compared with stresses obtained by standard
tests. It is experimentally established that the analyzed temperature differences can lead to the appearance of only rare
single cracks in the glass. For the formation of macrocracks in the granite rock, higher values of temperature difference
are necessary. The issue of critical tensile stresses is considered with the assumption that there are cropping-out
microcracks in the rock, which are developed in the field of all-around tensile stresses created in a thin surface layer. It is
further established that ultimate stresses of the half-space layer depend on the presence and magnitude of microcracks
in the rock. The values of the microcrack length are given for some rocks, which start to move under the action of
temperature differences within the range of 100-600 °C. It is noted that, for example, for granite, lengths of natural
microcracks in the rocks, which are most sensitive to thermal destruction, begin to grow at stresses created at
temperature differences within the range of 100-400 °C, which is close to practical conditions. Based on the results, it is
shown that it is inexpedient to use standard indicators of the rock tensile strength for evaluating the processes of the
rock surface cracking at thermal shock cooling, since actual destruction of the surface layer of the rocks occurs at tensile
stresses significantly exceeding the standard ultimate stresses.

Key words: rock, thermal stresses, intensive cooling, microcrack system.
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