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Mertoauka. TeopeTueckoe MccaeIOBaHUE TPO-
LIECCOB pa3yMpOYHEHUSI TOPHOM MOPOIbI IIPU HecTa-
LIMOHAPDHOM TEPMUYECKOM BO3IEHCTBUM HA OCHOBE
TEOPUM TEPMOYIPYTOCTU. BBIITOIHEH CpaBHUTEIb-
HbII aHAJIM3 TEPMOHAIIPSIKEHHOTO COCTOSIHUS IIOPO-
JIbI TIpYA OYPEHUU C UMITYJIbCHBIM U IIOCTOSIHHBIM pe-
JKMMaMU IIPOMBIBKM.

PesynbraTtsl. OmnpeneneHbl YCIOBUS Iepexona
TPELIMH B ITOABMXKHOE COCTOSTHUE Y CHYDKEHUE TTPOY-
HoCTU mopoxbl. [lolydeHbl pacyeTHbIE COOTHOIIE-
HUS JJIST CKOPOCTH Pa3BUTHS TPEIINH U BpeMEHH 3a-
IIep>KKHM TIpoliecca paspymeHus. [TokazaHo, 4To TIpu
WMITYJIbCHOM pPEXUME ITOHa4YM ITPOMBIBOYHOM KW~
KOCTHU B TOPHOI ITOPOJIE CO3AI0OTCS YCAOBUS IJISI TEP-
MMYECKOrO paspyllueHust. 3a cueT 0ojiee BBICOKOIA,
yeM JJISI PEKKMMA C IIOCTOSIHHOM IIPOMBIBKO, aMILIA-
TYIbI TEMIIEPATYPbl Ha 3a00€ CKBAXKMHbBI IIPOUCXOIUT
pa3ynpoYyHeHre MOBEPXHOCTHOIO CJIOSI TOPHOI IMO-
ponbl. ITpu OypeHuM 10 TpaHUTY cpelHee CHUKEHUe
MPOYHOCTH cocTaBiseT 12 %.
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KU Mpoliecca TepMUUECKOTO pa3pylleHs TOPOIAbL: MU-
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3a7epKKM Hadyaja pas3pyllieHUs, BBIIOJIHEHA OlleHKa
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The straight-notched Brazilian disc (SNBD) specimen is used to test the mode-I and mode-II fracture tough-
ness of a shale gas reservoir. The tests are conducted on 14 shale specimens which are taken from the shale gas
reservoir in the southwest Chongqging, China. The technique of high-pressure water jet cutting is applied to pro-
cess the pre-existing notch within specimens to avoid the influence of central hole on the notch to ensure the ac-
curacy of the testing results. Based on the testing results, mode-I and mode-II fracture toughness prediction
models of the shale gas reservoir are established. The predicted fracture toughness and testing results show good
agreement. The results indicate that the mode-I and mode-II fracture toughness of the shale gas reservoir are in
direct proportion to the rock density and interval transit time, and inversely proportional to the shale content. The
prediction models can be used to establish continuous fracture toughness profiles of the shale gas reservoir and
effectively guide the selection of optimal layer before hydraulic fracturing.
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Introduction. Shale gas is a kind of indispensable
unconventional energy resource. The USA Energy In-
formation Administration has predicted that the shale
gas reserves all around the world may be up to
623 - 10" m?, which means there is an abundant poten-
tial for shale gas development. Acting as the reservoir
and the hydrocarbon generation layer simultaneously,
the shale gas reservoir has characteristics of low poros-
ity and low permeability, which would result in low
production. Thus, the horizontal drilling and the stim-
ulated reservoir volume by hydraulic fracturing are re-
quired to obtain high production output. In order to
obtain high production output, the geological ‘sweet
spot’ of perfect stimulated reservoir volume needs to
be discovered. Therefore, the shale gas reservoir frac-
turing evaluation is of great importance, and the frac-
ture toughness is a significant property to evaluate the
fracturing effectiveness of the shale gas reservoir.

The fracture toughness indicates the material abil-
ity to prevent crack from unstable propagating. The
higher the fracture toughness is, the more difficult the
crack extends. According to the type of crack, fracture
toughness can be divided into mode-I (opening mode
crack), mode-II (sliding mode crack) and mode-III
(tearing mode crack). All cracks can be formed by the
superposition of these three basic types, and called
composite crack or mixed crack. The general types of
crack which come into being during the hydraulic
fracturing of the shale gas reservoir are the opening
mode crack (mode-I) and sliding mode crack (mode-
II). The mixed cracks form in the formation where in-
tense variation of in situ stress or lithology exists [1].

There have been various kinds of testing methods
for determining mode-I facture toughness. The Inter-
national Society for Rock Mechanics (ISRM) recom-
mended that Chevron notched three-point bend round
bar (CB) specimen and chevron notched short rod
(SR) specimen should be used to test the mode-1 rock
fracture toughness in 1988 and then proposed cracked
chevron notched Brazilian disc (CCNBD) specimen
in 1995. Compared to SR and CB, method using
CCNBD specimen is of much higher failure loads,
fewer restrictions on the testing apparatus, larger toler-
ance on the specimen machining error, simpler testing
procedure and lower scatter of test results. However,
the testing result of CCNBD specimen is slightly lower
than the former two methods [2]. In addition, the
notched thick-walled cylinder specimen was also used
by Clifton R.J. et al. to determine mode-I fracture
toughness. The studies of mode-II fracture toughness
test are fewer than mode-I fracture toughness and the
testing methods involve anti-symmetric four-point
bending test, edge-cracked Arcan test, compact ten-
sion-shear test and short beam compression test.

Actually, there is another easier method to test
mode-I and mode-II fracture toughness. Awaji H.
et al. proposed that the mode-I and mode-II fracture
toughness can be tested by SNBD specimen while At-
kinson C. et al. analyzed the normalized stress inten-
sity factors under a certain condition using SNBD
specimen. However, the size standard of the SNBD
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specimen is extreme and it is hard to meet. Generally,
a small hole is drilled in the center of the disc and then
the pre-existing notch is cut by metal wire or diamond
saw [3—4]. The unavoidable central hole diameter of at
least 3 mm and pre-existing notch width of at least
0.25 mm would lead to the produced crack that does
not belong to the pure opening mode crack or sliding
mode crack, and the specimen is easy to collapse, as
shown in Fig. 1 and Fig. 2. Therefore, there are still
some problems for SNBD specimen testing to solve in
order to obtain expected testing results.

The relationships between the mode-1 or mode-II
fracture toughness and rock physical properties have
been tested and discussed on sandstone, claystone, li-
mestone, granite and marble [1, 3]. The results showed
that the fracture toughness of these kinds of rock is di-
rectly proportional to the confining pressure, tempera-
ture, tensile strength, elastic modulus and compressive
strength, but is inversely proportional to the shale con-
tent. Furthermore, Al-Shayea N.A. and Jin Yan re-
spectively proposed the fracture toughness calculation
formula for limestone and sandstone [1, 3]. Zhao Fei
used the SNBD specimen to test the facture toughness
of shale outcrop, but the results are not optimum be-
cause of the low-level processing technology and the
relationship between the shale gas reservoir and logging
data cannot be obtained [4]. The cost of drilling coring
is very high and the evaluation of fracture toughness by
laboratory testing cannot help to obtain a continuous
fracture toughness profile, so the relationship between
the fracture toughness of the shale gas reservoir and the
logging data is very valuable.

To sum up, there are still some research deficiencies
regarding the fracture toughness of the shale gas reser-
voir: 1) in the process of using the SNBD specimen for
the measurement of fracture toughness, the diameter

Fig. 1. The mode-1 fracture toughness testing
result obtained by Zhao Fei et al. in 2013

Fig. 2. The mode-1I fracture toughness testing
result obtained by Zhao Fei et al. in 2013
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of men-made central hole was so large that occupied
the pre-existing notch. As a result, the produced crack
was no longer pure opening mode crack or sliding
mode crack, and the arch bridge type of collapse oc-
curred; 2) there are some experimental studies for the
facture toughness of the shale outcrop but not the shale
gas reservoir, and the results are not optimum.

In order to obtain the prediction model of fracture
toughness of the shale gas reservoir, the specimens in
this paper are taken from the shale gas reservoir in the
southwest Chongging, China. In addition, the high-
pressure water jet method is applied to make the notch
in order to guarantee the accurate testing result. Fur-
thermore, a direct relationship between the fracture
toughness of the shale gas reservoir and the logging
data is established. The prediction model is used to es-
tablish continuous fracture toughness profiles of the
shale gas reservoir and guide the selection of optimal
layer before hydraulic fracturing.

Fracture toughness test. Specimen prepara-
tion. The shale specimens are taken from the well-X in
the southwest Chongging, China. The depth is 1206—
1223 m, belonging to Longmaxi group of Silurian Sys-
tem. The diameter of the original core column is about
Scm. With a professional cutting machine applied per-
pendicular to the original core column, the original
core column is cut into several core plates of about
2.5 cm thick. In order to ensure that the tests have re-
quired discrete degree, the interval between each spec-
imen is about 5 cm. Then the grinder machine is used
to smooth two sides of the core plate to make sure that
both sides are smooth, parallel (the parallelism is less
than 0.5 mm) and perpendicular to the central axis.

Then, the notch is made by the means of a high-
pressure water jet method. A hole is drilled in the mid-
dle of the specimen by the water jet which contains
sharp abrasive. The nozzle diameter is adjusted to
make the diameter of the hole smaller than 1 mm. Af-
ter the specimen is penetrated and the hole is drilled,
the nozzle is moved up to 0.7 cm in the radial direc-
tion. When the half of the notch is finished, the other
half of the notch is made in a similar way. The whole
notch is about 1.4 cm long. Compared to the specimen
made by Al-Shayea N.A. and Zhao Fei, the central
hole of the specimen in this paper is too small to affect
the testing result, as illustrated in Fig. 3.

Fig. 3. SNBD Specimen made by high-pressure
water jet method
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Test process. The SNBD specimen tests are car-
ried on the Fracture Toughness Test Machine owned
by the Rock Mechanics Laboratory of China Univer-
sity of Petroleum (Beijing). The specimens are divided
into two groups to respectively test mode-I fracture
toughness K; and mode-II fracture toughness Kjj.
As shown in Fig. 4, the angle between the notch and
the loading direction is respectively 0° and 30° (actu-
ally it is about 27.5°), which indicates that the tested
fracture toughness is respectively mode-1 fracture
toughness and mode-II fracture toughness. In the be-
ginning of the test, a small vertical load is exerted by
the hydraulic pressure head. It is to guarantee the sta-
bility of the specimen, and then different angles are
set. Next, the vertical load is applied on the specimen
using electro-hydraulic servo pressure system. The
loading process is in displacement loading pattern and
the loading rate is 0.1 mm/min. The initiation and ex-
tension process of the micro crack within the speci-
men is recorded with the acoustic emission instrument
and the load is collected by the computer until the
specimen fractures completely.

Test results analysis. Atkinson C. has deduced the
formulas of mode-1 fracture toughness and mode-1I
fracture toughness which are tested by disc-shaped
specimen, as follows

K1= P\/; NI;
RBJn
K = Pa

il _m e

Where P is the applied radial load, kN; a is the
semi-length of notch, cm; R is the radius of disc, cm;
B is the thickness of disc, cm; N; and Ny are respec-
tively mode-I and mode-II dimensionless stress inten-
sity factors; K; and Kj; are respectively mode-I and
mode-11 fracture toughness, MPa - m°>.

When a/R<0.3,

2
N, =1-4sin>0+4sin’6(1 — 4cos e)(%j :

2
N, ={2+(8cosze—5)[%} }inze.

Fig. 4. Size of fracture toughness test specimen by
SNBD
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Where 0 is the angle between the notch and the
loading direction. The specimen in this paper meets
the condition of a/R = 0.28 <0.3.

Table 1 and Table 2 display the fracture toughness
testing results. The discrete degree of the mode-I frac-
ture toughness is small, which indicates that the diffi-
culty of the generation of tensile fracture in the shale
gas reservoir is almost the same. However, the mode-11
fracture toughness results are relatively dispersed,
meaning that the difficulty of the generation of shear
fracture varies considerably. The mode-I fracture
toughness is about 0.766 MPa-/m and the mode-II
fracture toughness is about 0.984 MPa - JE when the
abnormal value of 0.346 is removed.

Fig. 5 illustrates the comparison of the specimen
before and after the test of mode-I fracture toughness.
The macroscopic crack caused by the fracture spreads
along the notch direction and penetrates the entire
specimen. The specimen breaks apart into relatively
simple forms producing few blocks. This kind of fail-
ure is in accordance with pure opening mode crack.

Fig. 6 illustrates the comparison of the specimen
before and after the test of mode-II fracture tough-
ness. There is an angle between the macroscopic crack
caused by the fracture and the notch direction, and the
crack also penetrates the entire specimen. The form of
the broken specimen is considerably complicated and

Table 1

Testing results of mode-I fracture toughness
of the shale gas reservoir

NO. a R B 0 P K
(cm) | (em) | (em) | () | (kN) | (MPa-m®?)
1-1 0.7 2.78 | 209 | 0 9.492 0.771
2-1 | 0.7 2.43 | 2.48 0 | 10.275 0.805
2-3 1 0.7 | 244 | 2.03 0 7.41 0.706
3-1 0.7 [ 27951204 | 0 10.152 0.840
3-3 1 0.7 2.8 224 |1 0 10.77 0.811
4-2 | 0.7 2.78 | 2.43 0 | 10.079 0.704
6-1 | 0.7 | 2785 | 2.75 0 11.739 0.724
Table2

Testing results of mode-II fracture toughness
of the shale gas reservoir

NO | @ R B 0 P K
(cm) | (cm) | (cm) | () | (kKN) | (MPa-m®)

1-2 | 0.7 [2785| 213 | 30 | 2.432 0.346
2-2 1 0.7 |2435] 2.05 | 30 | 6.111 1.042
3-2 | 0.7 12795 | 178 | 30 | 8.451 1.432
4-1 1 0.7 | 279 | 2.64 | 30 | 5.266 0.603
5-1 | 0.7 | 2.815| 2.67 | 30 | 8.502 0.953
5-2 1 0.7 | 2.83 | 225 | 30 | 7.76 1.027
6-2 | 0.7 | 279 | 199 | 30 | 5.586 0.848
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Fig. 5. Comparison of the specimen 3- 1 before and
after the test of mode-1 fracture toughness

Fig. 6. Comparison of the specimen 2-2 before and
after the test of mode-11 fracture toughness

some blocks are produced. The main kind of failure is
pure sliding mode crack which indicates mode-1I frac-
ture toughness.

Facture toughness prediction model. Predic-
tion of fracture toughness by well logging data. In
order to obtain continuous fracture toughness profiles,
the direct relationships between the fracture toughness
and the logging data are inverted and discussed. The
measured fracture toughness is considered the objec-
tive function and the shale density, gamma, interval
transit time are taken as the independent variables.
The multiple regression method is applied and several
types of prediction models are deduced. To improve
the accuracy, the interval transit time is transformed
into logarithm, and the gamma value is transformed
into shale content. Thus, several possible mode-I and
mode-II fracture toughness prediction models of the
shale gas reservoir are obtained as follows

K;=0.4449p + 0.12721g(DT) —
—0.1474 exp (Vel) — 0.3068;

K, =0.34150+0.391712(DT) + 22 _0 8907 (1)
Ky =1.9291p +2.24241g(DT) -
—~0.2832exp (Vel) — 7.2516;
K, =1.8686p+2.778212(DT)+ 21930 _g 7027, (2)

Where, K; is the mode-1 fracture toughness,
MPaw/E; K}, is the mode-II fracture toughness,
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MPa'\/E; p is the shale density, g/cm?; Vel is the
shale content; DT is the interval transit time, ps/ft.

Model prediction. The logging data of the depth
where the specimens exist are described in Table 3 and
Table 4. Equation (1, 2) with a relatively higher corre-
lation coefficient are chosen to predict the mode-I and
mode-II fracture toughness respectively. The compar-
isons of the measured and calculated mode-I and
mode-II fracture toughness are also displayed in Ta-
ble 3 and Table 4 respectively. The results indicate that
Equation (1) has a really small relative error of no more
than 6.68 %. Even though the relative error of Equa-
tion (2) varies considerably, the accuracy and relative
correlation of Equation (2) are really high if the abnor-
mal value is removed. Fig. 7 and Fig. 8 illustrate the
comparison of the measured and calculated fracture
toughness. Most of the points are close to the unit-
slope straight line, meaning the inverted prediction
model of mode-I and mode-II fracture toughness
both have enough accuracy.

Table 3

Comparison of measured and calculated mode-1
fracture toughness

~| 2 o | ¥ | 8
TS BE | BE =
No.| 2 S | vel| 54 =5 RS
HENRRE A
=< | 5| 2
1-1 | 2.58 {59.75| 0.80 | 0.771 | 0.745 | 3.426564
2-1 | 2.52 | 67.15 | 0.57 | 0.805 | 0.767 | 4.682214
2-3 | 2.31 [ 60.62 | 0.45 | 0.706 | 0.699 | 1.006202
3-1 | 2.38 [58.93|0.23| 0.840 | 0.817 | 2.778723
3-3 | 2.42]63.67|0.25| 0811 | 0.831 | 2.518289
4-2 | 2.48 | 60.27 | 0.48 | 0.704 | 0.751 | 6.685772
6-1 | 2.5565.69 | 0.80 | 0.724 | 0.751 | 3.744578
Table 4

Comparison of measured and calculated mode-II
fracture toughness

— - =
RS BE| BE | 2
No. | £ S |Vl | 35| &4 X
X8 ~ § a § a k=N
= 8 sZ2| 52| 3
1-2 | 2.23 | 59.65 | 0.80 | 0.346 | 0.437 | 26.52136
2-2 | 2.55(59.12 | 0.57 | 1.042 | 1.076 | 3.22473
3-2 | 2.6 {58.89]023| 1.432 | 1.431 |0.070001
4-1 [ 2.26 | 61.15 | 0.48 | 0.603 | 0.611 | 1.320505
5-1 | 2.47 | 67.66 | 0.63 | 0.953 | 1.073 | 12.51455
52 | 2.4 | 6251 |0.64| 1.027 | 0.844 | 17.84145
6-2 | 2.35|65.55|0.76 | 0.848 | 0.781 | 7.978592
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Fig. 7. Comparison of the measured and calcula-
ted mode-1 fracture toughness
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Fig. 8. Comparison of the measured and calcula-
ted mode-11 fracture toughness

The prediction models indicate that mode-I and
mode-II fracture toughness of the shale gas reservoir
are both in direct proportion to the rock density and
interval transit time, and inversely proportional to the
shale content. The higher the shale content is, the
smaller the fracture toughness is, and it is easier for the
fracture to extend. The results could be used to effec-
tively establish the fracture toughness profile of the
shale gas reservoir and guide the selection of optimal
layer before hydraulic fracturing.

Conclusions. The shale specimens from the shale
gas reservoir in the southwest Chongging are applied
to test the mode-I and mode-II fracture toughness.
The testing results indicate that the application of
high-pressure water jet cutting technology effectively
excludes the influence of the central hole on the pre-
existing notch of SNBD specimen, and the pure open-
ing mode crack and sliding mode crack are obtained.

The prediction models of the mode-I and mode-11
fracture toughness of the shale gas reservoir based on
logging data are established. The mode-I and mode-I1
fracture toughness of the shale gas reservoir are both in
direct proportion to the rock density and interval tran-
sit time, and inversely proportional to the shale con-
tent. The higher the shale content is, the smaller the
fracture toughness is. The calculated and measured
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results are very close, indicating that the prediction
models can guide selecting optimal layer before hy-
draulic fracturing.

Acknowledgments. This work is financially sup-
ported by Science Fund for Creative Research Groups
of the National Natural Science Foundation of China
(Grant No. 51221003) and National Natural Science
Foundation Project of China (Grant No. 51134004).

References / Cnucok JirepaTypu
1. Jin Yan, Chen Mian, Zhang Xudong, 2001. Deter-
mination of Fracture Toughness for Deep Well Rock
with Geophysical Logging Data, Chinese Journal of
Rock Mechanics and Engineering, 20(4), pp. 454—
456.
2. Dwivedi, R.D., Soni, A.K., Goel, R.K., 2000.
Fracture toughness of rocks under sub-zero tempera-
ture conditions, International Journal of Rock Me-
chanics and Mining Sciences, 8(37), pp. 1267—1275.
3. Al-Shayea, N.A., Khan, K., Abduljauwad, S.N.,
2000. Effects of confining pressure and temperature
on mixed-mode (I-II) fracture toughness of a lime-
stone rock, International Journal of Rock Mechanics
and Mining Sciences, 37(4), pp. 629—643.
4. Zhao Fei, 2013. Research of Mechanical Parame-
ters with Geophysical Method in Shale Gas Reservoir,
Master thesis. China University of Petroleum, Beijing.

3pa3oK MpPsIMOILIOBHOTO bpasuiabchbKoro aucka
(SNBD) BUKOPUCTOBYETHCS TSI BATPOOYBAHHS Mill-
HocTi pexxuMmis-1 i pexxumis-I1 Ha po3puB pogoBuIa
cilaHlueBoro rasy. BumnpoOyBaHHS TIpOBOASITH Ha
14 3pa3kax ciaaHLO, POAOBUIIA CIAHLIEBOTO a3y Ha
niBaeHHo-3axoAi Micta YyHiiH, Kutaii. 11106 3a6e3-
TICYNUTH TOUHICTh PE3YJIBTATiB BUTIPOOYBaHHS, 3aCTO-
COBYETBHCS TeXHiKa TiIpoadpa3nuBHOTO TOBEICHHS IS
00pOOKM MOPOXHUH 3pa3KiB, 1110 JO3BOJISIE YHUKHY-
TU BIUIMBY LIEHTpaJbHOIO OTBOpPY Ha BHIMKY. Ha
OCHOBI pe3y/bTaTiB BUTIPOOYBaHHSI BCTAHOBJIEHI MO-
JIeJli MpOrHo3y MilHOCTi pexkxumis-I i pexkumiB-I1 Ha
pO3pUB POAOBMIIA CJIaHIIEBOTrO rasy. IIporHosHa
MILIHICTh Ha PO3PMB TOKa3y€ OOCTATHIO BiAIOBia-
HICTh pe3yJbTaTaM BUIIPOOYBaHHS. Pe3ynbraty mo-
Ka3yloTh, 110 MIlIHICTb Ha PO3pUB pexXxuMy-I i pexu-
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my-1I pomoBuia ciaaHLEeBOro ragy mnpsMo MpOMHo-
pliliHa IIIJIPHOCTI MOPOIM Ta iHTEpBay Yacy Mmpooi-
ry, i 00epHeHO MpoIopliiliHa BMICTy ciaHLo. Moaeni
IIPOTHO3Y MOXYTh OyTH BUKOPHCTaHi IJISI BCTAHOB-
JIEHHSI 0e3IepepBHOCTI MPO@diII0 MILIHOCTI Ha PO3-
PUB POIOBHIINIA CIAHIIEBOTIO Ta3y Ta e(heKTUBHO BH-
3HA4YaTu BUOIp ONTUMAJILHOTO 11apy 0OpOOKM Tiepes
I'PII.

KiouoBi cioBa: podosuuje cranyeeozo easy,
npamowosHuil bpazuavcokuil duck, MiyHicmo Ha
po3pus, Kapomasic

OO6pasel; NpsMOLIOBHOIoO bpasuiabckoro aucka
(SNBD) ucnonb3yercst Ajisi UCIIbITAHUSI TTPOYHOCTU
pexumoB-1 u pexxumoB-II Ha pa3pbiB MecTOpoXe-
HUS claHLeBoro raza. McnbitaHue npoBoasT Ha 14
oOpasliax cjaHia, MeCTOPOXIECHHUS CJIaHIIEBOTO ras3a
Ha 1oro-3amnaje ropona Yynuus, Kuraii. Htobs1 00e-
CIICYUTH TOUYHOCTH PE3YJILTAaTOB MCITBITAHUS, TIPUME-
HSIETCSI TEXHMKA TUAP0oadpa3uBHON TOBOIKHU ST 00-
paboTKM MOJIOCTEN 00pa3LOB, YTO MO3BOJSET U30e-
KaTh BJIUSTHUST LICHTPAJIbHOTO OTBEPCTUST HA BHIEMKY.
Ha ocHoBe pe3ynbsraToB UCIBITAHUST YCTAHOBJIEHBI
MO MPOrHO3a MPOUYHOCTU PeXUMOB-I U pexu-
MoB-1I Ha pa3pbIB MECTOPOXKICHUSI CAAHIIEBOTO rasa.
ITporHo3Hast TPOYHOCTH Ha Pa3pbIB ITOKA3bIBAET J10-
CTaTOYHOE COOTBETCTBHUE pe3y/IbraTaM MCITBITAHUSI.
PesynbraThl MoKa3pIBaloT, YTO IPOYHOCTH Ha pa3phiB
pexuma-I u pexxuma-II MmecTopoxxaeHUs ClIaHIIEBOTO
raza mpstMoO TIPOIIOPIIMOHAIFHA TUIOTHOCTH TTOPOIBI
¥ MHTEPBaIy BpeMeHH ITpodera, 1 00paTHO MPOITOp-
IIMOHAJIbHA COMePKaHMIO clTaHIa. Moaear mporHo3a
MOTYT OBITh MCITOJIb30BAaHBI IS YCTAHOBJICHUS HE-
MPEPHIBHOCTU MPOMUISI IPOYHOCTU Ha Pa3pbiB Me-
CTOPOXAEHUS CIaHLIEBOTO ra3a 1 3(p(EeKTUBHO OTIpe-
JIeJISITh BEIOOP ONTUMAJILHOTO CJI0sl 00pabOTKU Mepe/
I'PII.

KiioueBble cjioBa: mecmopodicoerue cianyeso-
20 2aza, npamoulosrullil bpasurvckuil duck, npou-
HOCMb HA pa3pblé, Kapomaslic

Pexomendosarno 0o nybaikauii dokm. mexH.

nayk P.O. /luuxoscoxum. Jlama Haoxo0xceHHst py-
konucy 06.06. 15.
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