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HAYYHO-METOAHYECKHE OCHOBbI ®H3HYECKOI'O
MOAE/THPOBAHHA HE/IHHEFIH{)IX IFEOMEXAHHYECKHX
IMTPOLIECCOB I1PH IIOA3EMHOH PASPABOTKE

ITO/IE3HBIX HCKOITAEMBbBIX

npeﬂCTaB/IeHbI pe3V/IbTaTtbl PasBHTHA MeToda MOoAe/THPOBaHHA Ha SKBHBa/ICHTHBIX Ma-
TepHa/laX 3a Iloc/1e/lHHe Io/bl, TO3BO/IMBLIHe 3Ha4dHuTe/IbHO AOINNO/IHHUTh BO3MOXXHOCTH
(171/131/1‘-1861(01" O MOoJe/THMPOBaHHA A1 KOMIT/ICKCHOIO IpHMEeHeHHA COBMEeCTHO C HaTYpPHbI-
MH H MaTeMaTHU4YeCKHMH MeToJaMH TIPH pelleHHH pA/a aKTYa/lbHbIX He/THHEeHHBIX 3a4a4

I O[_’)HOI;I reomMexaHHKH.

KroueBbie c/ioBa: meToAbl U cpeacrtBa dmanecxor O MOJe/THPOBaHHA, SKBHBa/IeHTHbIe
MarepHa/ibl, C/IOKHble I'OpPHO-TeO/IOr'M4eCcKre YJC/IOBHA.

H auborbliiie  CI0XHOCTU  TIpU
MCCIeIOBaHUM  reoMexaHuue-
CKMX TMPOLIECCOB B TOPHBIX MacCHBax
MpU MOA3eMHON pa3paboTKe MO/e3HbIX
HICKOTIaeMbIX BO3HHKAIOT B C/ydasiX, KO-
r1a A7s pelleHrsl MOCTaB/IeHHBIX 3aja4
HEOOXOMMO Y4eCTh 1Ie/Ibid  KOMIICKC
C/TOXKHBIX TOPHO-TEO/IOTMYECKUX  YCITO-
BUM U CXeM OTpPabOTKH MO/e3HbIX HC-
KomMaeMblX. K TakuM ycroBUAM MOryT
OBITb OTHECEeHBI: O/I0YHasi Hepapxude-
CKasg HapyIIeHHOCTb MacCHBa, Oo/blias
rnyOvHa 3a7eraHusi MeCTOPOXK/ICHHUS,
MOMIBMKKU O/TOUHBIX CTPYKTYP U IO pas-
oMaM, AMHAMUYeCcKUe IPOoLecch ¢ 00-
pa3oBaHMEeM HOBBIX TPellMH U Pasio-
MOB, Ha/lMyMe Ta3oBOro akropa, U3-
MeHeHre TPaHUYHBIX YC/IOBUM Ha Ipa-
HUIIAX MCCreayeMon ob1acTi MacCHBa,
CBfI3aHHBIE C BAWUSHMEM TOPHBIX PaboT
Ha COCelHHX YuyacTKaX, U K3MeHeHHeM
rapaMeTpoB MOPOaA BO BpeMeHH, obpy-
lleHre TIopoaA B BhipaboTaHHOE MPO-
CTPaHCTBO ¢ 06pa3oBaHieM HOBBIX 6/10-
KOB U MHOTOe Apyroe.

PerleHie Takux He/MHEMHbIX 3a7a4 C
MOMOIIBIO HATYPHBIX 3KCIIepHMEeHTallb-
HBIX METO/IOB WCC/IeZIOBAHHH [TO3BO/ISIOT
nosyyath Hanboriee AOCTOBEPHYIO UH-
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dopmariio o napamerpax H/C B 30-
Hax MacCHBa, HerloCpe/CTBeHHO Ipu/ie-
TraiolMx K BbIpabOTKaM, U obecrieunBa-
IOT Tekyimii rporHo3. OaHako HaTyp-
Hble MeTOoabl UCC/1e0BaHHs CBfA3aHbl C
OO/bIIMMU MaTepPUa/TbHBIMU 3aTpaTaMU U
C HeIOCTYIMHOCTBIO IMYOUHHBIX 06/1acTei
MacCHBa, CO CIOXKHOCTHIO BblAe/eHUs
viccrielyeMblX  BAMSIOMMX (DaKTOPOB Ha
doHe apyrux. OTU MeToaAbl He [AaloT
Bo3MoxkHocTu  u3yunth H/IC BO Bceit
06/1acTM B MacCHBe TOPHBIX TOPOA U
BBISIBUTH OOIlMe 3aKOHOMEPHOCTH HX
dopMUPOBaHHA U PA3BUTHS, YTO Kpai-
He BaXHO 71 MPOTHO3MPOBAaHMUs BCeH
CUTYaLIMU B L1e/IOM, TaK Kak IPH 3TOM U3
aHa/M3a MPaKTUYeCKH «BbiMagaeT ob-
acTb MacCHBa OT BbIpaOOTOK [0 AHEeB-
HOM MOBEPXHOCTU U 0 COCeAHUX GOKO-
BBIX [1OPO/, KOTOPhIe OKa3bIBAIOT OIpe-
fensiollee BIMsAHUE Ha (POPMUPOBaHHE
HaMpaKeHHO—1e(pOPMHUPOBAHHOIO  CO-
CTOAHHNA B OKPECTHOCTHU Bpra6OTOK.
MaremaTrueckue MeTolbl, B TOM
yKc/ie U MeToAbl MaTeMaTHUYecKoro Mo-
[IeTMPOBaHUs, CTa/IKUBAIOTCA C Cepbes-
HBIMH TIPENATCTBUAMU, CBA3aHHBIMU C
Ha/ldHMeM KOMII/IeKca (PakTOpOB, Cyile-
CTBEHHO YC/IOXKHSIOIIMX TOPHO-TEo/10-



T'MYyecKye YC/IOBHS: He/IMHEeHMHBIMU PeakK-
LIMAMM MacCHBa Ha TMPUPOAHBIE U TeX-
HOTeHHbIe BO3ICHCTBUS U HeoBX0arMo-
CTBIO Y4eTa Pa3pbIBOB ero CI/IONIHOCTH,
pasBUTHs Mpoliecca BO BpeMeHM, pes-
KUX AMHAMMUYECKHX TIPOLIECCOB MPHU
MOABUXKKAX O/IOYHBIX CTPYKTYP M Kak
creactBue - ¢ TpeGoBaHMEM yueTa Io-
CTOSIHHO M3MEHSIIOUIMXCS MPaHHUUHBIX YC-
MIOBMI1 Ha KOHTAaKTax O/I0KOB W BEpOSiT-
HOCTHO-CTaTUCTUUYECKHM  XapaKTepOoM
dOpMUPOBaHUA  HaIpsKeHHO-aedop-
mupoBaHHoro cocrtosiHus (H/IC) maccu-
Ba. Kpome Toro, Matemarnueckre MeTo-
[Ibl WICC/ICZIOBAHUM YacTO He TMO3BO/SIOT
pacrio3Hath [MYOWMHHBIM MEXaHW3M TIeo-
MeXaHNYeCKUX MPOLIeCCOB, CBA3AHHBIN C
HaKar/IMBaHUEM U BblAe/IeHHeM YIIpyroi
SHepPruu MaccHBa, ee MpeobpasoBaHueM
B [pyrde BW/bl 3HEPIrUil: TervIOBYIO,
SHEPrui0 CeMCMUYECKHX Kor1eOaHuit, B
KUHETHUECKVIO 3HEPrHIO Pa3pyIIeHHbIX
OMOKOB, C PabOTOM IIACTUYECKOro e-
dOpPMUPOBaHNA U PaspyIleHUs] TOPHBIX
nopoa. HenocratouHo wccnenoBaHHbBIM
AB/ISETCA BAWSHWE XUAKOM dhasbl, a
TaKke rasooOpa3Hor ¢paskl B BUIE COP-
GHpPOBaAHHOIO M CBOOOAHOrO rasa. la-
KM 00pasoM, 3a7adya He pelllaeTcs B
oOl1ert ocTaHOBKE U MO3TOMY pPasdu-
BaeTCs Ha Pl YaCTHBIX 3a1ad Iocpes-
CTBOM OTCEUEHMUs [IMIIHUX YC/IOBUM MU
BBE/ICHUS PA3/TMYHBIX YITPOLIAIOMINX A0-
MYIIEeHWH.

TpaauimoHHble MeToabl (PU3HUUECKO-
rO0 MOAE/MUPOBAHMA Ha SKBUBA/ICHTHBIX
MaTepuanax [1, 2] GasupyioTcs Ha Teo-
PUM TIOA0OMSA, TEOPUM PAasMEPHOCTH U
COCTOSIT B BOCITPOM3Be/IeHHH B Ollpese-
IeHHOM MaciiTabe CTPYKTYphl U PU3U-
KO-MeXaHNYeCKHX XapaKTepHCTHK Mac-
CHBa, peasbHOro npoliecca A0OBIUM T10-
Ne3HOTO MCKOMaeMoro Ha  3a/aHHOM
rayovHe 3a/ieraHusi, orpene/ieHu Kaue-
CTBEHHBIX M KO/IMYECTBEHHBIX XapaKkTe-
PUCTHK HarpsKeHWd U gedpopMalivil B
MaccvBe, TO/IyYeHUH (QU3NYeCKON Kap-
THHBI TMPOLIGCCOB C/BMXKEHHA Ha pas-

MUYHBIX TOPH30HTaxX. KroueByio porib
B obecrieueHus rnoaobus Moaenrpye-
MBIX TIPOLIECCOB MIpaloT CaMM SKBUBA-
NeHTHBIe MaTepuarbl, NPU BhIBOpe KO-
TOPBIX 3@ OCHOBY 4allle Bcero 6epyr
KpUTEepHUU TMPOYHOCTHOrO Wi aedop-
MaLMOHHOTO TMoaobus. OagHako aaH-
HBIM TOAXO/ He M03BO/IfeT pellaTh Pl
HeMHEeMHBIX 3a/ad FeOMEeXaHWKU TpU
MOe/IUPOBAHUK  peanbHbIX IpoLec-
COB, TPOTEKAIOIIMX B YC/TOBUAX B3aM-
MO/ICUCTBUSA PA3TUYHBIX (PU3NUECKUX U
reopusnyecKrx ro/nem, sHeproobMeHa
MeXAY Pa3IUUHBIMK  CTPYKTYPHBIMU
37IeMeHTaMy MacCHBa.

B maHHOM OOKmaze paccMOTpeH
KOMIT/ICKC HOBBIX SKBHBA/ICHTHBIX MaTe-
PHa/ioB, TTO3BO/TAIOIINX 3Ha4UUTEe/IbHO
PacCHIMpPHTh 06/1aCTh MOAE/TMPYEMbIX SB-
71eHUH.

1. Paspa®GoTka HOBBIX THIIOB
OM Ha ocHOBe KpuUTepHsa 3Hepre-
THYECKOro mnoaoOus H MapaMmert-
POB THNOBBIX TOPHBLIX MOPOA ANfA
MoZenupPOBaHUA AMHAMHUYECKHX
MpoLeccoB

HakarnimBaemast yrnpyrasi TOTeHLIU-
anbHas 3HEeprusi 3/IeMeHTa MacCHBa OIl-
penensieTcs o usBecTHou dopmyre [3]:

W= lagV,
2

Ie G Y & - HalpsXXeHre U OTHOCUTe/b-
Has gedpopMaLivsl 37IeMeHTa B YC/IOBUSX
OAHOOCHOTO HAIPAXKEHHOIO COCTOSHUS,
V - ero o6neM.

OrnpenenuM Ko3(pPHLIMEHT MOA0OHsS
(MM TIepexoaHOM MHOKHTElb) SHEepPruu
B MO/Ie/IM I HaType

aw=W. =06V _ g g a, =
W o¢&V
=0l Ol ol
[lpy  ycroBuM  OAHOBPEMEHHOTO

obecrieueHus I10400MA MexXaHUUeCKUX
HalpsKeHWM M IIPOLIECCOB  YITPYIHX
nedpopMaLmi

Og = O = O, O,
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rae og - KoapULIMEHT NMoaobus Moay-
nen necpopMallvM, o, = o, - Koadhdu-
LIMeHT Moaobusi TVIOTHOCTEH U BeCOB,
Toraa

o=0-E _a. _ta _,

ocE a a.a

4

aw= a,aL ,
a Ko3(pprLIMeHT Noaodus yaenbHOH I10-
TEeHLIMa/IbHON 3Hepryu

.
Oyp = ol = apigi =0, Ol
(4", (043

Tarum o06pasoM, KOI(PPULIMEHTHI
oAoOUsl HalpsKEHWH, Moayner ae-
dopmMalmit M yaenbHbIX YIPYrux 3Hep-
TMli OKa3bIBAIOTCH WAEHTHUHBIMU:

oW = O = Of

B cnyyae o6beMHOro HarpsikeHHOrO
coctosiHrsag OM ofiias 3Heprusi COCTOUT
M3 3Heprvuv (popMoM3MeHeHUs W 3Hep-
I'MY, Hakal/lMBaeMOM MpU CXKaTHUM Te/a

(4]:

Wz= Wq) + WV
Wo = 1+—ch
3E
1-2v

Wy = (61 + 09° + 039)

6E

AHanmuz atMXx POPMY/ TIOKasbiBaeT,
YTO MpPU YC/IOBUH VM &Vy TaKKe obec-
eyrBaeTCs PaBeHCTBO
O = Og= Ow = Op QL

HaxkornzieHHast yrnpyrasi MoTeHLIHas b
Hasl SHeprus MOXKeT Pea/M30BbIBAaThCH B
BU/Ie 3HEPIMU TMMaJaloUINX Tenl; KUHEeTH-
YeCKOM 3Hepruu pasnetaiommxcs 6710-
KOB, 9/IGMEHTOB MacCCHBa; YIIPYryx
BO/IH.

Ha ocHoBe ofiert Teopur noaotus
1 pasMepHocteit [1] dopmynsl pasmep-
HOCTeM 17151 SHEPryu B YCAOBUSX MOACIU
Y HAaTyphl MOXKHO 3allvcaTh B BUE
Wy = My L%y T2, Wy= My L% T2y
a K03(p(pULIMeHT Noaobus sHepryu
ow = oM OL]_2 (1-2'1‘, raie oy = M[\/[/MH;
aL = Lm/Ly; ar = Tw/Th
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Kak nokasano B pabote [2] aas nipo-
LIeCCOB, Pa3BUBAIOIIMXCH 104 ACHCTBU-
eM CUM TsSKeCTU, PaBHOMEPHO YCKOpPeH-
HbIX [BUKEHHH B KECTKO-TI/IAaCTHYHBIX
a7leMeHTaX, PaclpOCTPaHeHUs YIIpyrux
BO/H, KO3(pULIMEeHT rnoaobust orpese-
fseTcs Mo OAHOM U TOU XKe dpopMyre:

ar = /¢, » TOTAQ, Y4UThIBAsI, UTO

aM = Ap Oy; Ow = OM OL]_1 = Qp OL]_3 OLI_1=
= QpaL , Awyg = Op OL.

B wurore - pu ycnoBun o,= op=a, o ;
vM=VH ObecreurBaeTcs Moaobue Bcex
OCHOBHBIX ~COCTAaB/AIONINX MexaHHuye-
CKOTO 3HepreTU4Yeckoro HasaHca Mexay
3Heprven, akkKyMyaupyemMou aedopMu-
POBaHHBIMK YIIPYrMMK Te/laMi W SHep-
Tvieil repeMelaiorxcs B IPOCTPaHCTBE
3M1eMEHTOB MacCHBa IOA BAWSHUEM HX
CU/IOBOTO B3aMMOZEHCTBUSL M TpaBUTa-
LIMOHHBIX CHI:
wyﬂmoz[ = apaLwyﬂHaT

VcrnonkayeM 3TO COOTHOIIEHHE /1S
paspabotk OM ¢ PUBHMKO-MexaHH-
YecKMMH TMapameTrpamu, obecrieurBaro-
UMK BBITIO/THEHHE YC/IOBHM  110A06us
A7 CAaMOTO WIMPOKOTO Kpyra TOPHBIX
nopoa. Ha puc. 1 npuBeneHsl pesymnb-
TaThl aHa/M3a 3aBHCHMOCTEM MaKCH-
Ma/IbHOW  YAe/IbHOM  3HEepProeMKOCThIO
Wyn,, ot Rek, MonydeHHble Mo pesyiib-
TaTaM OAHOOCHBIX HCIIBITAHHM, TIPOBe-
[IeHHBIX Pa3/TUUHBIMU aBTOpamH [3, 5, 6
v ap.), 6onee 500 obpasnos 20 Tvnos
TOPHBIX TOPOA (YraieH, MecyaHrKoB, ap-
TW//TMTOB, a/leBPO/IMTOB U T.4.). Benwu-
yuHa Wyn,, paccuuthiBasiach o pesy/ib-
TaTaM CTaHAAPTHBIX MPOTPaMM HCIIbITa-

nuit: R, Eynp [3]:
2
w,.= 1R
‘P
Bonee touHoe omnpenenernve Wy,
o IviomMaaAx B KOOPAWHaATaX O©-& /14
6OHbLHI/IHCTBa TFOPHBIX TIOPOA 61)1110 He-

BO3MOZKHO H3-3a OTCYTCTBHA COOTBETCT-
BYIOMINX 3KCIIeprMeHTa/IbHbIX AaHHbBIX.



W, MITa
T4
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y = 2E-06:¢ +0,0031%

y = 3E-06x% +0,0014x

y = 2E-06x* +0,0004%

] a0 100 150 200 280 300 3&0 400

Rex, MITa

Puc. 1. 3aBUCHMOCTh MaKCHMaAbHOH yaenbHok 3Heproemkocty Wya,, or R,

Emax
W= _!GH(E) de

Emax
W2=_[Gp(s) de
H4

oCT

O, Mlla

pactf— — — — — — — — — — —
0,04
Emax
w,= Jo,(e)de
0,03 ’

Emﬂx
ngcp(a) de

oCT

0,02+

0,014

Puc. 2. 3aBucumocts R, ot ¢ ana OM npH cKaTHH H pacTaxKeHHH

AHanu3 pacronoxeHns KCreprMeH-
Ta/bHBIX TOuek B KoopanHaTax Wy,
R« MOKasbIBaeT, UTo OHM pacriofarakoT-
Cl B CPaBHUTE/IBHO Y3KOM, 3alTPUXO-
BaHHOM Ha PHCYHKe, 00MacTh C lleH-
tpansHoi munmeit W, = 3E -06 R%., +
+0,0014 R .

I'py aHanM3e sHepreTHMUecKHX Mapa-
MeTpoB DM BapbUpoOBa/ach HX peLer-
Typa C ABYMA BHAAMH MeKOAMUCIIepC-
HBIX Harlo/IHMTesel: KBapLIeBOTro Iecka,

PE3MHOBOM KPOUIKK U YeThIpbMs THITaMH
CBSI3YIOIIMX: KPeMHHIOPraHU4ecKom
cMonbl, cMon [31-1, 5/1-20 u napadu-
Ha. B pesynbraTe M3MeHeHust MX MpoO-
LIGHTHOTO COOTHOIIEHHs] ObIIM TOyUe-
Hbl pa3/IMuHble MMPOYHOCTHBIC, aedop-
MallMOHHbIe, 3HepreTHyeckre MapaMeT-
pol anst 5 tunoB OM: IT-Kp (kBapLieBbiit
MeCOK + KpeMHeopraHudeckas CMoria),
[1-P-Da (kBaplieBbiit ECOK + pesrHOBast
KpOLIKa+3rochaidaTtiieckasl CMora),
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KRN

0,006 -

0,005 +

o004 +

KpEMHE-OPraHHTecKan

nnoz 4 CMONZE

0,002 +

o001 +

y=0,0132x% + 0,0025x%

y = 0,0176x% - 0,0003x

= pE3HHEOBAdA Kp olLlKa

cwmona Jar y = 0,0046x% - 0,00013

¥ =0,0023%% + 1E-D5x

y = 00004x* + 4E-05%
chona SI1-

o

03

o2

0.4

05 o6 o7 o8
Foom, MIla

Puc. 3. 3aBucumocTts yaenbHbIx 3Heproemkocrteii OM ot R,

[1-Da (KkBapLeBbIt [1ECOK + SIMOKCHAIN-
darrueckas cmorna) [T-I1 (kBapLeBbii
necok + mapaduH), [1-Oa (kBapLeBbI
TIeCOK + 3TOKCHU/HAs CMO/a).

PesynbTaTel UCIMBITAaHUM OAHOTO U3
turnioB OM ([1-2a) mpu oaHoOCHOM
CHKATHM TIpeACTaBIeHbl Ha pHUC. 2, a,
IpY OAHOOCHOM pAaCTHXKEeHWM - Ha
puc. 2, 6. 3aBHCHMMOCTU Yae/lbHBIX
SHEPTrOeMKOCTel BCeX MCC/IeIOBAaHHBIX
TurnoB OM oOT HamnpsxKeHuM mnpuBeae-
HbI Ha puc. 3.

OlleHKa MPOLIECCOB  3HEpProoOMeHa
MOXKeT ObITb IPOM3BEeHa C ITOMOIIBIO
nokazatena Ky = Wo / (W1 + Wy), xa-
PAKTEpU3YIOLIero OTHOLICHWE OTAaBae-
MOM OOpasLoM YIIPYroM 3SHEepruu - K
CYMMapHOM TIOI7IOLaeMON UM 3HEepPruH,
vayieit Ha ero aedpopMHpoBaHye (prc.
2). CpaBHUTeNBbHBIM aHA/IN3 3HAUYEHWH
Kw=Wy / W3 a1a pacyeTHbIX BenMuuWH
W3 = 0,50¢ n darTiyeckyx 3HaueHui
Kw OT OTHOCHUTeNbHBIX HalpsKeHud ¢/
Rk Ans pasnnyHex TMIOB OM MoKasbl-
BaeT, uTo B avanasoHe 6/ Ry= 0,1+0,9
B oboux cnyyaax Ky yMmeHblnaeTcs B
cpearem ¢ 0,8+0,9 no 0,6+0,7.

C yuetoM KO3(ppHILIMEHTOB 3Hepre-
TUYECKOro Mnoaobus aA1s MaclTtaboB OT
1:300 mo 1:10 skcreprMeHTa/TbHbIC
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TOUKU U ITOCTPOEHHBIC 10 HHUM 3aBHCH-
MocTH a1 DM ObIKM TepeHeceHbl Ha
rorsie  pacripesie/leHns YaennbHbIX SHep-
rOeMKOCTelM 0Opa3lioB TOPHBIX [OPOa B
koopanHatax Wy, - Rex. AHamms nony-
YEeHHBIX Pe3y/bTaTOB IIOKas3a/, 4TO B
HaubO/IbIIel CTereHu YC/IOBUSAM 3Hepre-
THUECKOro MoA0GHs COOTBETCTBYIOT Ma-
Tepyazibl Ha OCHOBE 3TOKCHapaThye-
ckort cMorbl ([12I-1) u Menkoawmcriepc-
HOTO KBapLeBOro Iecka (puc. 4), mo-
3BO/IAIOIIETO /11 COBOKYITHOCTH pas-
nMuHelx  MacwTaboB (1:300 - 1:10),
BOCITIPOM3BECTH TIPAKTUYECKU BCE OC-
HOBHbIE THIbI FOPHBIX TIOPOA C MMPOYHO-
ctoio Rex = 1 - 400 MI'a.

INpuBenenneie saBucumoctnt Wy, = f
(Rex) NpeaHasHayeHb! Mpexkae BCero /s
ompeaenenys TuroB OM, obecrneuu-
BaloIMX Hanbo/siee TOYHOE BOCITPOU3BE-
[IeHUe MAaKCUMa/IbHBIX 3HEProeMKOCTer
TexX WM WHbIX obracTeit MacCHBa, C/10-
JKEHHBIX M3 PA3/IMYHBbIX THUIIOB TOPHBIX
nopoa. [lpy aHanM3e MpoLeccoB sHep-
roo6MeHa Mexay HHUMU C/1eayeT YUWThl-
BaTh, UTO B /10 TIpefe/bHBIX PeRUMax
(o< Rex) Kak aasi TOpHBIX MOPO/, Tak M
ang OM - Eypp~ const 1 3aBUCHMMOCTb
W,, = f(c) uMeer KBaapatHueckuit Xa-
pakrep: Wy,= o>,



Wym, MITa
12

cBoMiCTBa G/I0YHOTO MacCHBa

n ero yCTOIjl‘-{I/IBOCTb K pas-

NWUYHBIM ~ BO3AEHUCTBUAM (B
TOM UMcrie Y cabbiM) B 3Ha-

08 T

YUTeNbHOM CTerleHU oripese-

ndaeTrcd TIiapaMeTpamMM ero
HaMMeHee l'IpO'~IHOI>I YaCTu -

KOHTAKTHOM obracty. OTH
BO3/IEUCTBHA MOTIYT IIpHBeC-

THU K He/MHeMHbIM BbIXOIHBIM
“OTK/MVKaM~ MacCHBa U Bbl-

350

Puc. 4. 3aBHCHMOCTD yaAeaAbHBIX 3HeproeMkocren OM
or R, B nose pacnonoeHHsi 3KCIIepPHMEHTa/IbHBIX

snaqennri W, HaTypHBIX rOpHBIX opoa

[IpyMepbl TakMX 3aBUCUMOCTEl ITpHBe-
nenbl Ha puc. 4. [las BocnpousBeaeHust
Ha MOJeNsX AVMHAMHUYECKUX SIB/ICHWH B
TOPHBIX MacCHBaX, OUYEeBHAHO, HeobXOo-
AMMO HCIOMb30BaTh DM € TTOXOXKHMU
ye/IbHBIMY  SHEePrOHAKOIVICHHSIMM, Kak
Ipy CKATUM, TaK U MPU PaCTSKEHUH.
OlieHKa, Kak 3TUX MAapaMeTpoB, Tak U
KPUTEPHEB XPYIIKOrO PaspylleHus, MO-
KeT ObITh /aHa IO BenvurHe OTHOlle-
HUA Xn=Rex/Rpacr [7]. s GonbmmHcT-
Ba TBepAbIX TOPHBIX MOPoa Xy OOBIMHO
npuHuMaetcss paBHbiM 10 mnpy parTH-
yeckUx Korebanusax ot 5 ao 30 [6], uto
COOTBETCTBYET Hara3oHy K3MeHeHUs
rokasatensa Xy, 4718 UCTIBITaHHBIX DM: oT
8 no 17.

2. PaspabGoTKa HOBbIX THIOB DM
aAnA MOAeNHPOBAHHUA WIOBHLIX 30H
Mexay OMOYHBIMHM CTPYKTYpaMH H
30H KOHTAKTa Pa3/IoOMOB

[lnsi BOCIIPOM3BEAEHHSI He TO/NBKO
CIVIOIIHBIX 3/IEMEHTOB MaccuBa [2], HO
1 CMeCTUTe/lell C 3arlo/IHUTe/ISMH IOB-
HbIX 30H M TPWIEramliMX K HeMy 30H
TPEIIMHOBATOCTH C YYeTOM KpUTepHeB
rnoaobusi Heo6XoAUMO OblZI0 pas3pabdo-
TaTb HOBbIE THITEl DM,

HeobxoauMocTh  BoOCIpoH3BeaeHMs
MMOAOOHBIX PH3UKO-MEeXaHNUECKUX
CBOVICTB 3THX 30H CBfi3aHa C TeM, 4YTO

40 Rex MIB - oTeHUIO0 paHee HaKOI7IeHHOM

SHepIyM, CYLIeCTBEHHO IIpe-
BBILIAIOIIYIO BXOAHYIO TOI7IO-
1LIeHHYIO aHeprHio [3, 4].

B pabore [5] npuBeneHs
MpyUMepsl  “3arlo/HUTenen
[7151 IIMPOKOrO K/acca PasIvyHbIX pas-
PBIBHBIX HapyYLIeHWH. YCTaHOBIEHO, UTO
“lBBI® MeKAy KOHTAKTHUPYIOMMMH 6/10-
KaMu MOIYT ObITb MO0 TI/IOTHO CHKATbl
(samemsensl), mMB6O pPacKpbIThl, MM60 (B
GO/MBIIMHCTBE C/IYJaeB) 3arlo/IHEHbl [/TU-
HHCTBIM MaTepUa/IOM, C/IaHLIAMM, Ka/lb-
LMTaMd WK OPEeKYUMPOBAHHBIMH T10PO-
gamMy. MomHocts  “mBOB” OOBIUHO CO-
CTaB/IIeT Be/IMUMHBI OT HECKO/BKUX MU/
mumetpoB 10 0,5 M, xoTs npu yBenvye-
HUM pasMepoB 6/10KOB, OOPasOBaHHBIX
“cTapbIMM”  pasioMaMM, MLIMPHUHA 3OHBI
apoOrieHus riopoa B obracty “mea” Mo-
JKeT 1ocTHrath 5 M U 6oree [5, 6].

AHanm3  HUBMKO-MeXaHHUeCKHX —Xa-
PaKTEpHCTHK “3arlo/IHUTenei, IpoBe-
feHHbIM B pabotax [1,2,5,7], nossomun
YCTAHOBUTb Marla3oHbl M3MEHEeHHs HX
OCHOBHBIX TApaMeTpPOB: T/IOTHOCTU P -
ot 1500 no 2250 kr/m>, cuennenus C
- o1 0,01 mo 1 MITa, ckopocTtH pacripo-
CTpaHeHHs MPOAO/BHBIX BOMH Cy- OT 50
no 1000 m/c. PacuetHbiM myTtem ycra-
HOB/ICH [AYara3oH H3MeHeHHs MOay/Iei
yrpyrocty E- ot 38 no 5800 MIla. B
paborte | 7 | naHa cpaBHUTenbHAsA OLIGH-
Ka CpeaHel MPOYHOCTH “‘3arloMHUTess
Rk , COCTaBsIONICH Be/IMUMHY MTOPSAIKa
0,01 or cpenHeit npo4yHOCTH O/IOKOB
TOPHBIX TTOPO/I.

23



Ne PU3HKO - MeXaHHYEeCKHe Moaenupyemsii Tun M
n/n napaMeTpsli 1 11
1 CocraB KoMrioHeHTOB OM KBapLIeBbIl MTECOK+ KBapLIeBbIIT MTeCOK+
comynon (100:1,5) COMUAON+BEepeTeHHOe
macrio (100:1:5)
2 VYcnoBusi  nepemelnvBaHra  cMecd | 6e3 roaorpesa ¢ nonorpesom ao 40°C
oM 4,2.10*
3 Cuennenvie C, MITa 1,9-10* 26°(0,49)
4 Yron BHYyTpeHHero TpeHus (tgo) 30°(0,58) 0,62
5 Moayns nedpopmarivm, Ml a 0,69 0,3
6 Koadpduiment [yaccona 0,3

[IvamnasoHbl aHaZIOTMYHBIX Tlapamer-
poB DM cocrasasior: p = 1500 - 1600
kr/m°, C = 0,003 - 0,25 MITa, E = 16 -
2000 MI'Ia, Rex = 0,008 - 0,9 MI'a.

TarkuM oOpa3oM Ha Modensx C Mo-
MOIIIBIO U3BECTHBIX THUIIOB DM MOKHO
BOCITPOM3BECTH  TpebyeMblil AuarasoH
C mums B Macmtabe o3 He Mehee 1:
3,3; E - 1: 2,4, yTo He COOTBETCTBYET
[IMarasoHy MCIO/Ib3yeMbiX MaciiTaboB
Mozenuposanus o= 0,002 - 0,05.

[ns obecriedeHrs MoaeMMPOBaHUS
“samonHuTenel “ ¢ napamerpamu, 6au3-
KHMMM K HIKHUM IpaHHLaM UariasoHoB,
OblIM pa3paboTaHbl HOBBIE THITEI OM ¢
TpeMs KOMOWHUPYEMBbIMH THITAMU CBS-
3YIOIIMX: BA3KOrO CO/WAOMA, MMAacToo6-
PasHOro BasenMHa, KHUAKOTO BepeTeH-
Horo Macra. B KauecTBe HarionHuTtens -
WCTIO/NB30BAZICS ME/TKO3ePHHUCTBIN KBap-
LIeBbIM [1eCOK U DapHT.

B pesynprate mnpoBeseHHBIX HCce-
[IOBaHWM ObI/I OTOOpPaHbI ABa THIA K-
BHBa/IGHTHOI'O MaTepHasia, BOCIIPOH3BO-
[SAIIero CBOMCTBA T/IMHUCTBIX 3arloHU-
Tened ¢ Haubo/ee YacTo HCIO/b3YeMbIM
[varna3oHoOM MaclTtaboB MOJAe/INPOBa-
Hust o = 0,005-0,02 (cm. Tabamiiy)

[lpouHocTHBle U aedpopMalOHHbIE
napameTphbl MpHBeJeHHBIX TUIIoB DM Ha
MOPSAAOK MEHbllle, uYeM aHa/IorMyHbIe
rapameTpbl UCIIO/b3YeMbIX 3KBHBA/ICHT-
HbIX MaTepHa/iOB, UTO TIO3BO/ISAET Cyille-
CTBEHHO PaCUIMPUTh AWATa30H MacliTa-
6OB MOAE/MMPOBaHUSA TIMHUCTBIX HArlo/-
HUTeren.
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1.3 Paspa®GoTrka HOBBIX THIIOB
9M ans MoaenupoBaHusa aecdopmm-
POBaHHUA Yr/IeMETaHOBOM TOMUH H
BMelllaloUIUX Mopoa NpH ee aera-
3aluu

Paspa6GoTaHHble MeToabl MOAETHPO-
BaHMS Ha 3KBUBA/ICHTHBIX MaTepuasiax
nosBonsioT vccrneaosats HAC B rop-
HOM MacCHBe MNyTeM BOCIIPOM3Be/eHHs
Ha MoZIe/IIX ero CTPYKTYPbI U OCHOBHbBIX
pUBMKO-MexaHUUECKUX rapaMeTpoB:
MPOYHOCTHBIX U Ae(POPMalIMOHHBIX Ta-
PaMeTpOB TOPHBIX TOPO, CLEIV/IeHHs U
T.0. HeobxoanmocTs uccneaoBaHust
niepepacnpenenenva H/IC B Maccuse
BOKPYT BEIPAOOTKU C YUETOM MPOLIECCOB
ferasalyy TpebyeT paspaboTKU IPHH-
LIMITHA/IBHO HOBOM METOAVMKU MOe/IV-
POBaHus, BK/IOYaloIelt B cebs:

1) paspabotky OM, mnosBoasIOMEro
MO/Ie/IMPOBATh MPOLIECC Ia30BbIAC/IeHHS
13 M71acTa MpU MPOXOKAGHUH B HEM BbI-
PaboTKH,

2) cosgaHWe MeTOAWKH BOCIIPOM3Be-
[IeHUsT Ha MO/Ie/lh TPOLIeCCOB Ta30BbI/Ie-
NleHVsl U3 I/1acTa MNP IIPOXOXKACHHUM B
HEeM BHIPABOTKMU.

B ecTecTBeHHBIX YC/TOBUAX MPUPOI-
HBIN a3, OCHOBY KOTOPOTO COCTaB/seT
MeTaH, HAaXOAMTCA B YrO/IbHBIX II/1aCTax
B aaCOPOUPOBAHHOM COCTOsIHUU. [azo-
HOCHOCTh rmacToB aocturaer 30-40
M>/1. TloMMMO MeTaHa IIacThl cozep-
KaT NMoOOUHbIe MPOAYKTHl MeTaMopdH3-
Ma — CO2 u H0O. Bce onu Haxoasarcs B
[YCTOTax II/IacTa CaMOro Pa3IMUHOrO



pasMepa — OT MHKPOIIOP B HECKO/IbKO
aHrcTpeM 70 OO/MbUIMX TpelldH B Ivia-
cTe, mpuueM (U3NUYECKOe COCTOsSHKE
M3MEHsIeTCsl OT PacTBOpa A0 CBOOOIHOM
rasoBolt pasbl.

[Mopucras cTpykTypa Yras Kak Koil-
NIeKTOpa MeTaHa, YI7IKHUC/TOThl U BOZIbI
dopMupyeTcsi B HECKOMBKO  CTa/IvH.
[lepBoHava/IbBHO CO3a@ETCHA KOAry/IALIM-
OHHasg CTPYKIYpa C 3a30paMM Memxay
rno6ymamu. 3aTeM Mo AaB/IeHHeM Bbl-
le/1eXKallvx opoa ¥ aAre3rOHHBIX CH
MYCTOTBI-3a30Pbl  CMBIKAIOTCH, W Yrosib
MpeBpallaeTcs B  KOHAEHCALIMOHHYIO
[AVCTIEPCHYIO CTPYKTYpY. ['asoobpazosa-
HHe U yaa/ieHre /IeTy4uX BellleCTB BHOBb
cosaaeT MYyCTOTHl B YI7ie, HO 3HAUYMTe/lb-
Has uyacTh OOpa30oBaBIlIerocs rasa 3a-
fepxUBaeTcss B yrrie Onarogaps copb-
LIMOHHBIM CH/IAaM.

TakruM 06pa3oM, B OCHOBe YAepkKu-
BaHMs raza B Yro/bHbIX /1acTax M raso-
BblIC/IGHUS U3 HUX /IexaT aaCOPOLIMOH-
Hble Y 1ecopOLMOHHbIe siBieHus. O6pa-
3yeMbiii B peaynbTaTe Pas/iokKeHHs pac-
THUTE/BbHBIX OCTAaTKOB 6e3 A0CTyra BO3-
ayxa roa 6o/blIMM JaB/IeHUeM, MeTaH
YIePKUBACTC Ha TIOBEPXHOCTH TOp U
MYCTOT Yr7as. Yroab, Kak aacopOeHT,
yoepKUBaeT MO/IeKY/Ibl MeTaHa B OC-
HOBHOM Ha TpHHLIMIIaX (PU3UYECKOH as-
copOLny, T.e. He o6pasys XUMHUECKHX
coeanHennit. Takasa aacopbums o6y-
C/IAB/IMBAETCA TPeMsi COCTaB/ISIOUINMU
MEXKMO/ICKY/IIPHOIO TIPUTSKEHNSA — [UC-
MePCHOHHBIM, OPHEHTALIMOHHBIM W UH-
OYKLIMIOHHBIM  B3aMMOZEHCTBHAMU. Bce
OHM OCHOBaHbl Ha (POPMUPOBAHUU U-
MO/BbHBIX YaCTHLl W TIPUTHKEeHHUM AWUIIO-
fer MO 371eKTPOCTAaTUYECKOMY TTPHHLIM-
ny. DHepruis MEeRMO/ICKY/IIPHOTO B3au-
MO/ICHCTBUSI YMEHBIIIAETCH C TMOBBINICHU-
eM TeMriepatyphl. ITO orpesaenser Mnpo-
TeKaHHe /eCOPOIIMOHHBIX —IPOLIECCOB
MpY CO3aHHWM COOTBETCTBYIOIIMX YC/10-
BUI.

[na Bocnpou3BeseHUs IIPOLIECCOB
aacopOLyy U AecopOlMy ra3a Ha yrae

MBI TIpe/laraeM MCII0/Ib30BaTh MO/Je/lb
MPOLIeCCOB  aACOpOLMK U AecopOLmu
BO/ISIHBIX TIAPOB U3 atMocdephl, Ha COo-
N8X, CIOCOGHBIX OBPasoBHIBATL  KPH-
CTa//IorMapaTHele  coeavHenus. [ Ipou-
HOCTb CBA3W MexRAY OCHOBHBIM BelleCT-
BOM M KPHCTa/I/TM3aLIMOHHON BOAON MO-
KeT ObITh  pasnuyHoii. MHoruve 13 Kpu-
CTA//IOTHAPATOB TePAIOT KPHCTa//IN3a-
LIMOHHYIO BOAY VMKe TMPU KOMHATHOM
Temriepatype. [Ipoliecc 06e3BoKHBaHMSA
CYIIIeCTBEHHO WHTEeHCU(HLIMPYeTCs IpU
HarpeBaHUU, T.e. BapbUpys TeMIiepaTy-
pPY, ero MOXKHO peryaupoBath. [lpyrum
BAUAIONINM (DAaKTOPOM fABASETCH aTMO-
cepHas BIAXKHOCTb: UeM OHa BHIIIE,
TeM cuibHee uzgeT oOpa3oBaHHe KpH-
CTa/yIorvapaTa, U HaoBOPOT — Me/rIeH-
Hee MpOTeKaeT MoTepsi BO/HI.

B ocHoBe ¢opMypoBaHus KpUCTal-
MOTUAPATHBIX COeMHEeHHH M WX BbIBET-
PUBaHUA /1eKaT CU/bI MOHHOTO (AMITO/b-
HOrO) B3aMMOZEMCTBUA oMU (MOH) U BO-
[bl (AWMO/b), T.e. CH/BL /IeKTPOCTaThYe-
CKOM TIPUPOAbL. DTO POAHUT 3TH CUCTE-
MBI C CMCTeMOH "yrornb — ra3", maBasi OC-
HOBAHMS HCMO/b30BaTh UX /11 BOCIIPO-
M3Be/IeHUsT MPOLIECCOB aZCOPOLIMM U ae-
copOLMM MeTaHa B yr7e.

M3 cymectBytoniero Habopa Kpu-
crannoruapatHeix corneit (KC) Hamu BbI-
OpaHa Co/b, coaepKallias KpUCTa/l/T3a-
LIMOHHYIO BOAY B KornuectBe a0 10 Mo-
neryn Ha 1 monekyny comv. B o6esBo-
JKeHHOM BHZe OHa IpeacTaBaseT cobot
MOPOIIOK 6e/10ro 1BeTa € I/IOTHOCTHIO
2,37 r/cM>, a B Bie KpUCTaIoruapaTa
-1,73 1/ oM°.

Peuentypa M TeXHONIOrus H3ro-
TOB/IeHHA MaTepHana

B KauecTBe cBf3yIOIIero KOMIOHEHTa
KPUCTa//IOTUMAPATHOM COMU OfpeaeneHa
SMOKCUAHas — anvdpaTHueckas  CMora,
MOAUMUIIMPOBaHHAs [MIUIIEPUHOM U OT-
BepKaaeMasl TIO/U3TH/ICHIIO/TMAaMHUHOM,
[TocnenoBatenbHOCTb OMEpaLi BbIT/Is-
auT  creayionmM  obpasom. CHauana
[IPUTOTABIMBAIOT CMECh CMO/TBI U I/IHLIe-
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Mx akTHMBHO MepeMelrBa-
ioT B Teuenrne 10 MuHYT,
n06UBasACh pacTUpaHus
KOMKOOOPAa3sHBIX CTPYKTYP.
[To moctuxeHuu sToM Lienu
CcMech IOTOBa K YK/IadKke B
ornanybéry U YIZIOTHEHUIO
MyTeM YKaTKh WU TpaM-
OOBKH.

Perrenttypa mareprasa:
KPUCT/I/IOTMAPATHast CoMb —
10 kr,
aMnoKcuaHass cmora [9I-1 —
171,

o,riend

41,2

2 4 = g 1 12

pOCCTOAHKME

Puc. 5. Punptpauns ¢paronaa yepes toaiy MaTtepHasia

sl mm
ot
0,6 w2
AT E=0,571

0,4

0,2

oT nobepxHoOCTHM o@HOXEeHWA, CM

0.2

0,4

5 =0,70%

Puc. 6. /lecpopmauns obpasua B npouecce aacopoLHH

H aerasauuu aaa 9M Ha ocHoBe KC

pHHa, B KOTOPVIO A00aBASIOT MOH-
STU/IGHITONMWMAaMKH. Bces aTa KoMMosuLms
Cpasy Toc/ie COBMEICHUsT BCeX YKasaH-
HBIX KOMIOHEHTOB HauWHaeT CaMopaso-
rpeBaThCs, [IO3TOMY TepeMellBaHue
BCe BpeMsi KOHTPO/IMPYeTCs TepMOMeT-
poMm. [lpu mocTvkeHHUM TeMrlepaTyphbl
40° nepeMemmBaHve IpeKpalAOT U
KOMITO3ULIMIO BbI/IMBAIOT B ropoiiok KC.
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14 bBpeMa, oyTeM

T/IULICPUH - 85,5T,
TO/TUSTW/ICHIIONIVAMUYH - D2 T.

[ns  BOCIpOM3BeneHUs
BMEILAIOIIMX [I0POad B COOT-
BETCTBUM C TIOCTaB/IeHHOM
3adauveil BbIOpaH IlecuaHo-
LIeMeHTHbINT  MaTepuasn, o0-
Mafaloli  He3aBUCHMOCTHIO
CBOMCTB OT aTMocdepHoMt
B/Ia’KHOCTH.

Perentrypa mareprasa:

necok — 10 kr,

uemenT — 1,4 Kr,

Boza — 1,0 kr.

TexHomoruss  M3roTOBNE-
HUf 3TOTO MaTepuazna Tpa-
OVLIMOHHA: IIeCOK IepeMe-
IIMBaeTCs C LIEMEHTOM U K
MO/TYYeHHoM cMecu aoGas-
ngerca  Boma. Ilocre rmo-
BTOPHOIO  MepeMellBaHus
CMecCh FOTOBA K YK/IaZIKe.

KpucrannoruaparHsiii

MaTepya/l UMeeT pPas/IMuHble
CBOMCTBa B 3aBUCHMMOCTH OT
CTerneHr rasoHachieHus. [Ipy ronHoMm
OTCYTCTBUM rasa (cocTosiHye AecopOLIvn)
MPOYHOCTb Ha OAHOOCHOE CXKaTHe CO-
craBasier 0,4 MIlla, B TpexocHOM Ha-
TMIPS?KeHHOM COCTOSIHMM OHa B [Ba Pasa
Boiie. Moayne yrpyrocty pased 17,0
MIa (npy 0AHOOCHOM pPerkUME HCIIbITa-
uuil) 1 31,0 MIla (py TpexocHbIX Hc-
TBITAHMSAX).
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Puc. 7. Kpusble rasooraaun B obpasue noa Harpyskoi (c=0,1kr/cmM2) u oTCyTCTBHH

Harpy3kKH

B rasoHachlllieHHOM (aacopGrpoBaH-
HOM) COCTOSIHMM ITPOYHOCTHBIE U [Ie-
dopMallMOHHBIe  [TOKasaTe/nd  CYIIecT-
BeHHO HuxKe. [IpouHocTh Ha oaHOOC-
Hoe cxaTue cocTtasaser 0,1 MIla, Ha
TpexocHoe — 0,2 MIla. Moayau yn-
PYroCTH COOTBETCTBEHHO paBHEl 3 MIla
u 6 Mlla.

[Tpor3BeneHa olieHKa rAYOUHBI PO-
HHKHOBeHUs dpaonaa (ra3a, BoAbl) yepes
CBOOOAHYIO TIOBEPXHOCTh MaTepuasa.
Ha puc. 5 npuseneH rpacduvk nameHe-
HUS 1ePOPMALIIOHHBIX [MApPaMeTPoOB U
[/IOTHOCTH TIPY TIOI7IOIeHHH Uepes I10-
BepxHOCTh mromansio 4 cM?. Kak Bua-
HO, 3TO M3MeHeHHe MTPOMCXOAWT A0 pac-
CTOSIHUSA OKO/O 3 CM.

Mayuena creneHb ancopbiid raso-
00pa3HOro BellleCTBa B MacCy SKBUBa-
[IEGHTHOTO MaTepHasia ¥ OOPAaTHHIM 3TOMY
mpoiiecc — AecopOlivs MOI7IOUIeHHOTO
dmovaa B atmocdepy. Ha puc.6 npea-
CTaB/leHa 3aBUCHUMOCTh AeddOpMaLMU
obpa3lia B 3aBHCHUMOCTU OT YCIOBHIA

B3aUMO/ICHCTBHST OOpaslia C OKpyKato-
ey Cpeaowu.

Buano, uro npu BaaxHocty 100% u
KOMHATHOM TeMriepatype 3a CcueT af-
copbimu nechopmativs Beipocaa ot 0 1o
0,57%. O6patHblii rpoLecc — aecopd-
LUud — IIpU 3TOW XKe TemIieparype U
BraaxHoctd 50% mpyBesn K BOCCTaHOB-
NMeHnio obpaslia K [IepBOHAYa/TbHOMY
pasMepy B TeueHHe IMATH CYTOK, a 3a
rnocaeayionie 8 CYToK MpoLecC COKpa-
HIeHHsT POAO/IKU/ICS 3a CUET UCTeUeHUst
TOro KonmdectBa doiounsia, KOTopoe Co-
[IepXKaoCh B UCXOHOM MaTepHarie.

PaccMoTpeHa 3aBHMCMMOCThL  /1erasa-
LIMM M3 MaTepuasa B 3aBUCUMOCTU OT
Be/IMUMHBI HArpy3KW, ITPU/IOKEHHOM K
ob6pasuy. Ha puc. 7 npuBeneHs 3aBu-
CHMOCTH CTereHU aZcopOLMK OT Bpeme-
HU 711 HArpyxeHHOTO W HeHarpymkeH-
HOro obpaslos. YcnoBus aecopObLMK —
20° (temriepatypa) 1 50% (BrazkHOCTB).
Kak BUAHO, B HeHarpyKeHHOM BUZE /e-
copblimsi TpoTeKkaeT ObicTpee U 70
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Gorbliieii raybuHbl. 3aBepluaeTcs Ipo-
tiecc uctedyenus gmovaa Ha 10-12 cy-
TKU.

PaspaboTaHHble HOBbIe 3KBHBa/ICHT-
HbIX MaTepuasibl MO3BO/AIOT pellaTh C
MOMOIIBIO MeToAa (PU3NYECKOro Moe-
MUPOBaHMs HOBBIE 3a7@4M, [TO3BO/ISAS

WccrenoBath TMPOLIECCHI € YUeTOM  He
TO/IBKO TBEPAOM, HO W XKHUAKOM U raso-
obpasHoM pa3ol BelllecTBa, M3y4aTb
MOABUKKKA ~ O/IOUHBIX  HepapXUUeCKHX
CTPYKTYP, MCCAea0BaTb Kak MeasleHHO,
TakK U OBICTPO TERyIlMe MMPOLIeCChl, CO-
[POBOKAaeMble BO/THOBLIMU SIB/ICHUSIMH.
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