~ 46 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

UDC 550.832.5+624.131.1

M. Bondarenko, PhD (Geol.), Senior Researcher,
V. Kulyk, PhD (Phys.-Math.), Leading Researcher
E-mail: vkulyk@igph.kiev.ua,

Z. Yevstakhevych, Leading Engineer

Institute of Geophysics National Academy of Sciences of Ukraine

32 Palladin Ave., Kiev, 03680, Ukraine

PETROPHYSICAL PARAMETERS OF NEAR-SURFACE SANDSHALE ROCKS BASED
ON RADIOACTIVE LOGGINGS

(PexomeHdoeaHO YrieHOM pedakuiliHoi Kosezil 0-pom 2eos. Hayk, npodh. O.M. KaprieHkom)

The apparatus-methodical complex of radioactive logging (AMC RL) for determining set of petrophysical parameters of near-surface
sandshale rocks is developed. AMC RL includes gamma-ray logging (GL), neutron-neutron logging (NNL), gamma-gamma logging (GGL);
radioactive logging apparatus; interpretating-methodical support and software.

In the general case, petrophysical parameters of rocks can be determined by combining the measured parameters of the radioactive
logging with the use of a number of a priori data. AMC RL allows to determine: parameters of density, shaliness, porosity, volume moisture
content, groundwater level, etc. A number of new techniques for determining these parameters by nuclear geophysical methods are
proposed. The features of obtaining parameters in the zone of full water saturation and in the aeration zone are shown. A number of

parameters were first determined using geophysical well logging.

A set of two-channel tools 2NNL and GGL+GL as well as a three-component tool 2NNL+GGL+GL, which meet modern requirements,

have been developed, produced and tested.

Efficiency of the developed approaches and tools is demonstrated by the example of determination of petrophysical parameters in

cased well.

Keywords: near-surface rocks, petrophysical parameters;, combination of gamma-ray logging, neutron-neutron logging and gamma-
gamma logging; radioactive logging apparatus, shaliness, density, porosity, volume moisture content, water saturation.

Introduction. The construction of important buildings for
various purposes, dams, gas and oil pipelines, engineering
services and other objects necessitates a detailed study of
the features of the geological structure of near-surface
rocks. For solving the problems of engineering geology,
geophysical investigations of rocks in the section of wells,
namely the combination of integral gamma-ray logging (GL),
neutron-neutron logging (NNL) and gamma-gamma density
logging (GGL), is effective.

The apparatus-methodical complex of radioactive logging
(AMC RL), which is developed in Institute of Geophysics NAS
of Ukraine (IGPH), includes radioactive logging apparatus
and corresponding interpretating-methodical support and
software. AMC RL allows determining a wide range of
petrophysical parameters of near-surface rocks in both cased
and uncased wells. The main petrophysical parameters
include the following: rock density, mass and volume
shaliness, mass and volume content of clay minerals,
porosity, volume moisture content, water saturation,
groundwater level.

The determination of petrophysical parameters by the
combination of radioactive loggings has its features for
aeration zone and zone of full water saturation. The fact that
the near-surface rocks of most of the territory of Ukraine are
sandshale rocks is taken into account.

Below the main elements of a new methodology for the
integrated determination of parameters of near-surface
rocks by radioactive logging methods using a number of a
priori data, advantages of new AMC RL are shown.

Petrophysical model, conditions of measurements.
The near-surface sandshale rock consists of a solid phase
and pores. The pores are filled with water and air in various
proportions. The volume moisture of the rock is determined
as Wv = Sw¢, where ¢ is the porosity (ratio of pore volume to
rock volume), Sw is water saturation, which can vary from 0
(dry rock) to 1 (full water saturation). By the aeration zone
we mean part of the section, which is above the groundwater
level (Sw < 1); below this level the rocks are completely
saturated with fresh water (Sw = 1, ¢ = WA).

The solid phase of sandshale rock consists of quartz and
shaly material (total shaliness). Shaly material includes
quartz  particles and clay minerals (kaolinite,
montmorillonite, and hydromicas). Total shaliness and
content of clay minerals are important parameters for
engineering geology. Since the average value of the clay

minerals density usually differs little from the quartz density,
the density of the solid phase of the rock ps is considered to
be known (as well as the density of fresh water pw). The
relationship between the bulk rock density p, the density of
the solid phase ps, the water density pw, the porosity ¢ and
the volume moisture W\ is as follows: p = ps(1 — ¢) + pw WA.

Radioactive logging is performed in a dry cased hole when
the tool moves from the bottom of well to the wellhead.
Diameter of steel casing equals 2 inch (51 mm), wall thickness
equals 5,5 mm; casing is close to the rock. The wells range in
depth from several meters to the first tens of meters.
Thermobaric conditions of occurrence correspond to normal
PT-conditions and, within the depth of the performed well
investigations, practically do not affect the determined
parameters.

Apparatus. An integral component of the AMC RL is
logging apparatus for near-surface investigations,
developed in IGPH.

In Ukraine the existing technology of engineering-
geophysical investigations, which uses RL, is based on a
commercial set of single-spacing tools, namely, the neutron-
neutron moisture meter VPGR-1 [1] and gamma-gamma
density meter PPGR-1 [13]. Tools and their metrological and
methodical support, which were developed as far back as
the 80s of the last century, have a number of shortcomings
when carrying out borehole measurements and obtaining
petrophysical parameters, namely:

— the need to perform triply logging run for the
registration of GL, GGL, NNL, which reduces the productivity
and efficiency of investigations;

— the impossibility to carry out the operational adjustment
and control of detector signals;

— an outdated unit for registration of measurements: the
tool readings are noted on paper manually, and then they
are typed into the computer;

— the absence of techniques for determining the
parameters of the shaliness;

— neglect of the effect of chemically bound water in clay
minerals in determining porosity and moisture;

— an uncontrolled effect of anomalous and strong
thermal neutron absorbers (Li, B, Cl, Ti, Mn, K, Fe, rare earth
elements) on the readings of the NNL detector; the
aforementioned elements may be present in the
investigated geological section and lead to essential errors
in determining moisture and other parameters.
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An integral part of the traditional technology is a set of
aluminum-plexiglass simulators of density and moisture,
which are used to obtain the calibration dependences of
GGL and NNL. But these simulators do not always reflect
the real properties of the investigated rocks, in particular in
the case of natural sandshale rocks.

Thus, the problem of creating a new AMC RL, based on
the current level of scientific developments, modern
elemental base and appropriate level of recording, storing
and transferring information, as well as on more adequate
methodological and metrological support, is topical.

The IGPH has developed and produced a set of two-
channel radioactive logging tools [8, 9], which remove the
main shortcomings of the commercial tools. The set consists
of a two-channel tool GGL+GL and a two-channel (dual-
spacing) tool 2NNL.

Addition of the GL sensor to the GGL tool allows reducing
the number of trip, that is, labor productivity increases. Wherein
the GL detector performs a dual function: 1) integral registration
of natural gamma radiation and 2) takes into account the natural
background in the readings of the GGL detector.

The equipping of the NNL tool with the second neutron
detector makes it possible to determine the moisture in two
ways: single-spacing and compensated (by the ratio of the
readings of the two detectors). Compensated neutron
logging [14], in particular, allows determining moisture

content in the presence of anomalous neutron absorbers
in the rock.

Features of the new dual-spacing tools are as follows.

¢ The design of the base sondes of VPGR-1 and PPGR-
1 in the new tools is left unchanged so that it is possible, at
a transitional stage, to use both the traditional approach and
the new AMC RL.

¢ The well-logging cable is single-core, in contrast to the
three-core cable in the commercial tools. Such a cable can
be up to 70 meters or more. In new tools, the cable is
removable, that is, one cable is used for both tools (in
VPGR-1 and PPGR-1 the cable is not disconnected from the
borehole device).

¢ The surface control and registration panel is constructed
on the base of modern electronic components [9].

¢ The pulse discriminator is displaced from the downhole
device to the surface control panel. It makes possible
carrying out adjustment and control the sensor signals with
an oscilloscope in the laboratory

¢ In the surface control panel there is a microprocessor
for recording and processing informative pulses.

e The ground console has a flash memory for storing,
reproducing and transfer information through the serial port
to the computer for further interpretation of measurements.

Fig. 1 gives a photo of a set of two-channel radioactive
logging tools, which are produced in IGPH.

Fig. 1. Set of experimental two-channel radioactive logging tools:
1 - dual-spacing tool 2NNL; 2 — two-channel tool GGL+GL; 3 — detachable neutron source chamber;
4 — detachable gamma-ray source chamber; 5 — surface control and registration panel; 6 — accumulator; 7 — well-logging cable

Three-component radioactive logging tool (TRL),
created in IGPH [6], unionizes all the advantages of a set
of dual-channel tools. The TRL tool contains two NNL
sondes, GGL sonde and a GL sonde. Sondes are located
along the tool so that the NNL and GGL sondes have no
interaction and do not affect the GL; the length of the
tool at the given power of the sources of neutrons and
gamma ray is chosen to be smallest.

The fundamental advantage of the TRL tool is the
obtaining results of all three used radioactive logging
methods in a single trip; this increases labor productivity,
reduces the work time at the well.

Measured parameters and calibration dependencies

Directly recorded quantities are the following: count rate
of gamma quantums of natural radiation along the borehole
section (I, counts per second (cps)); count rate of Compton

gamma quantums arising as a result of interaction gamma-
ray from the '3’Cs source with rock (/;, cps); count rate of
slow neutrons produced as a result of slowing and diffusion
of neutrons from the 23PuBe source (/nn, CpS).
Shaliness-related measured parameters are the total
mass shaliness Csh and the mass content of clay minerals Ce.
These parameters are determined from the laboratory data.
Using the correlation relationship between the shaliness
parameters and the corresponding data of gamma-ray
logging in the form of relative difference parameter Al, [5, 12,
16], we obtain the calibration curves of gamma-ray logging [7]:

AL, = f(Cg) AL = fu(Cy) - (1)

Fig. 2 shows the corresponding dependencies and their
form in terms of polynomials.
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Fig. 2. Calibration dependences of gamma-ray loggingfor determination of total mass shaliness (7)
and mass content of clay minerals (2). dec. — decimal

When investigating the near-surface sandshale rocks,
it is advantageous to calibrate the readings of density
logging tool and neutron logging tool using clean (non-
shale) water-saturated quartz sand model with different
porosity. From the data of modeling, we obtain the
calibration dependences for both gamma-gamma density
logging and neutron-neutron logging:

B, = faaL(P"), )

where By, is readings of GGL in relative ("water") units;
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Bnn = fNNL (¢nn) ) (3)

where Bnn is readings of NNL in relative ("water") units.

The use of relative units makes it possible to obtain
correct results when measuring with the one-type of NNL
and GGL tools with corresponding sources of different
power, and for NNL we also take into account the change in
the efficiency of 3He-detectors of neutron with time.

Fig. 3 gives the calibration dependencies for two-
channel RL tools created in the IGPH. In Fig. 3 are shown
calibration curves for the GGK (GGL+GK tool) and for near
neutron detector of 2NNL tool. Calibration dependencies are
obtained on physical models constructed in IGPH.
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Fig. 3. Calibration dependencies: gamma-gamma logging for GGL+GL tool (a); neutron-neutron logging for near detector of 2NNL
tool (b).
e — data of measurements on physical models IGPH; r.u. — relative unit

Shaliness. Shaliness is an important lithological
characteristic of rocks. There is a distinction between the
total shaliness of the rock and the clayiness. Clayiness is
associated only with the content of clay minerals. The
filtration properties (permeability) of the rock depend on
the total shaliness. The content of clay minerals and their
type affect the physical-mechanical properties of rocks.
Chemically bound water, which is contained in clay
minerals, has a significant affect on NNL readings. It must
be taken into account when determining the porosity and
moisture content of the rocks under investigation by NNL.
The characteristic features of individual clay minerals and
their mixtures are the hydrogen index and density.

The total mass shaliness and the mass content of clay
minerals are determined by interpretation dependencies,
which are the inverse functions of the calibration
dependencies (1). For the calibration curves of the GL,

which are shown in Fig. 2, the corresponding interpretation
relationships are the following:
_ 4 3 2
Cy, —2,60AIy —3,55AIy +1,78AIy +0,15Aly, 4)

S

Cy =0,74AI; —0.84AL +0,51AI7 +0,20AL, .  (5)

Mass parameters Csh and Cq practically do not depend
on the zone in which they are determined — full water
saturation zone or aeration zone.

Analysis and interpretation of well logging data uses total
volume shaliness and volume content of clay minerals [2]:

Ksh = Csh (1 _(I)) ’ Kcl = Ccl(l_(l)) ’ (6)

where ¢ is total porosity.
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The content of chemically bound water, Ccbw., in clay
minerals is determined as

C

cbhw. = ('Occhl ’

@)

where wa is hydrogen index of clay minerals [3, 5, 18].

When there is full water saturation, the parameter Ccb.w.
is the difference between the "neutron" porosity (hydrogen
content) by the NNL and the porosity by the GGL:

0,8

C

c.b.w.

o™ = 9", (8)

where ¢™ is "neutron" porosity by the NNL; ¢ is total
porosity by the GGL.

Fig. 4 shows the interdependence of the parameters
Ccow. and Al, obtained on the basis of borehole
measurements in the near-surface sandshale rocks. Rather
close correlation between the content of clay minerals
(through the content of chemically bound water) and the
relative difference parameter of the GL is seen.
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0.10C. .. +0.07

Fig. 4. Relationship between the content of chemically bound water in clay minerals and relative difference parameter

Hydrogen index of clay minerals, in turn, can be
obtained from formulas (7) and (8), knowing the
parameters ¢"™", ¢"* and Kei:

oy = (¢““ — " )/KC1 . 9)

The density of clay minerals in the zone of full water
saturation of terrigenous (sandshale) rock can be estimated
by the combination of radioactive loggings [10]:

P =Ki(p”’ e 1=0—K)=pyd)

cl

(10)

where p”" is total rock density by GGL; pqu is quartz density,
accepted as 2,65 g/cm3; pw is formation water density, equal
1,00 g/cm3.

It is important to obtain information about the type of clay
minerals that are contained in sandshale rock, since these

minerals can affect the rock properties as the basis of building
structures. For example, montmorillonite is characterized by
strong swelling and plasticity, while hydromicas weakly
absorb water [15]. For the identification of clay minerals
laboratory methods are used. This involves the rock sampling
and carrying out of labor-intensive and costly studies [4].

The density pci (10) and the hydrogen index wci (9) of clay
minerals are related to their type. Therefore in favorable
cases it is possible to estimate the type of clay mineral in
layer or its predominant content in the mixture by the
comparison of the layer parameters pc and e, obtained
from the results of RL along the borehole section. Fig. 5
gives crossplot pa<wd, which is constructed on the
materials of borehole measurements in sandshale rocks,
and demonstrates the results of this approach.
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Fig. 5. Crossplot of density and the hydrogen index of clay minerals for estimation of their type:
1 — montmorillonites, 2 — mixture of minerals, 3 — chlorite

Density. The result of the gamma-gamma density
logging, p™, is determined by the electronic density of the
rock, which, in turn, is closely related to the bulk density p.
For sandshale rocks equality p" p is correct with a

sufficiently high accuracy for practice (with an error not more
than 0,01 r/cm®) [5].

The rock density by the GGL is determined from the
interpretation dependence, which is the inverse function of
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the calibration curve (2). For the GGI+GL tool, the
corresponding interpretation dependence is expressed as

P =—0,591n(B, )+ 111, (11)

The relation between density p”, solid phase density ps,
water density pw and water-saturated porosity ¢ is as follows:

P =p(1-0)+pyd. (12)

Porosity. Porosity by GGL (density porosity) in full water
saturation zone is expressed in terms of density p* from (12) as
d)w — Ps — pW .

Ps = Pw

Porosity by GGL in aeration zone is formally expressed
by the same formula. But it is overstated through the
decrease in density p" due to the presence of air in the
pores, that is, the porosity by GGL in the aeration zone is
apparent.

Porosity by NNL (neutron porosity) is determined from
the interpretation dependence, which is the inverse function
of the calibration curve (3). For a near-spacing detector of a
dual-spacing tool 2NNK, the corresponding interpretation
dependence for ¢ < 50 % is expressed as

o™ =73,0582 +6,00B,, —1,00. (14)

Porosity by NNL+GL in full water saturation zone taking
into account the content of clay minerals by GL is
determined as

(13)

¢nn+y — d)l"m _(Dcchl . (15)

Taking into account relation (6), the porosity by NNL+GL
can be obtained in the following form:

nn Y
¢nn+y — d) 0)chcl , (16)
1-04C)

where ¢""™ is porosity by combination of neutron-neutron
and gamma-ray loggings; ¢"" is porosity by neutron-neutron
logging; wel is hydrogen index of clay minerals; CCVl is mass
content of clay minerals by gamma-ray logging.

Porosity by combination of neutron-neutron and gamma-
ray loggings in aeration zone is apparent; its value is
understated because of the reduced value of ¢"™, obtained
on the basis of the interpretation dependence of the neutron-
neutron logging.

In general, the rock porosity by combination of
radioactive loggings, ¢"*"*1, can be represented as

¢W+nn+y — (X](I)W +a2¢nn+y,

In the full water saturation zone the weight factors are
equal a1 = a2 = 1/2, that is, in this case the porosity by
combination of radioactive loggings is expediently taken as
the arithmetic mean of porosities ¢ and ¢""*" [19].

In the aeration zone porosities ¢ and ¢""** are apparent.
Therefore, when determining the frue porosity in this zone,
formula (17) has the meaning of the weighted arithmetic
mean of both apparent porosities with weight factors o1 =
0,65 and a2 = 0,35. The numerical estimates of weight
factors are obtained empirically and confirmed by theoretical
calculations [11, 17, 20].

Volume moisture content. It is determined as the ratio
of the volume of water in the pores of the rock to the volume
of the rock.

o +o, =1 (17)

In the zone of full water saturation the volume moisture
content coincide with porosity, that is, WA = ¢.

In the aeration zone the volume moisture content can be
determined in terms of apparent porosities by the GGL and
by the NNL+GL as their weighted arithmetic mean [11]

Wy =B +B,0™"7, Bi+Br=1, (18)

where the weight factors B are estimated empirically:
B1~0,10i B2 ~ 0,90.

Water saturation. It is determined as the ratio of the
volume moisture content to the porosity: S, =W, /0.

In the full water saturation zone, where the moisture
content and porosity have the same value, Sw = 1.
In the aeration zone, the water-saturation is equal to [11]:

S = B1¢Y‘/+Bz¢nﬂ+“{ . (19)
00" + o™

Groundwater level. Full water saturation zone and
aeration zone are separated by groundwater level.
Difference between density porosity and porosity by
combination of neutron-neutron and gamma-ray loggings
can serve as identification parameter of aeration zone:

Ap=¢" —¢™"7. (20)

In the full water saturation zone A$ =0, in aeration zone
A > 0; the transition point between these values in depth
presents the groundwater level. Above this level, that is, in
the aeration zone, the parameter A¢ increases with both
increasing true porosity and decreasing water saturation of
the rock [11, 17, 20].

Example of determination of petrophysical parameters.

An example of the application of the developed AMC RL
is shown in Fig. 6. The investigated geological section is
represented by sandshale rocks, includes an aeration zone
and a of full water saturation zone.

Fig. 6 shows mass (7) and volume (3) content of clay
minerals; total mass (2) and total volume (4) shaliness; rock
density (5); porosity by combination of neutron-neutron and
gamma-ray loggings (6); density porosity (7); true porosity in
aeration zone and full water saturation zone by combination
NNL+GL+GGL (8); volume moisture content (9); water
saturation (70).

The borehole section is dissected on lithology; the
groundwater level was identified at a depth of = 6,5 m.

The Fig. 6 also shows the experimental points, which are
obtained from the data of laboratory investigations of rock
samples taken along the borehole section. It can be seen
that the logging results are in agreement with the laboratory
determinations of the parameters.

Conclusion. The apparatus-methodical complex of
radioactive logging for determining the set of
petrophysical parameters of near-surface sandshale
rocks has been developed.

In the general case, petrophysical parameters (total
shaliness, content of clay minerals, density, porosity,
volume moisture content, water saturation, groundwater
level) can be determined by combining the methods of
radioactive logging (gamma-ray logging, neutron-neutron
logging, gamma-gamma density logging). The features of
obtaining petrophysical parameters in the full water
saturation zone and in the aeration zone are shown.

Efficiency of the developed approaches is demonstrated
by a concrete example.
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Fig. 6. Example of estimation of lithology and determination of petrophysical parameters
with the help of a new apparatus-methodical complex of radioactive logging GWL —groundwater level,
O — experimental laboratory data
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NETPO®I3NYHI MAPAMETPU NMPUNOBEPXHEBUX MILLAHO-IMUAHUCTUX TNPCbKUX NMOPIA
3A KOMMNEKCOM PAIOAKTUBHOIO KAPOTAXY

Po3po6neHo anapamypHo-memoou4Huli koMmnekc padioakmueHozo kapomaxy (AMK PK) dns eusHa4yeHHs1 cykynHocmi nempogi3uyHux napa-
Mempie npunoeepxHesux niwaHo-2nuHucmux nopid. AMK PK eknrodae: 2amma-kapomax (I'K), HelimpoH-HelimpoHHuli kapomax (HHK) i 2amma-2a-
mma kapomax (I'TK); anapamypy PK; inmepnpemauilino-memoduyHe i npoepamHe 3abe3nevyeHHsl.

Y 3azanbHomy eunadky nempoghizuyHi napamempu 2ipcbKux nopid Mo)xHa eusHa4yumu 3a oromMo20r0 KoM6iHyeaHHs1 euMiprogaHuUX napamempie
PK 3 eukopucmarHsim psidy anpiopHux 0aHux. AMK PK do3eonsie euzHayamu: napamempu 2ycmuHu, napaMempu 2/uHUcmocmi, mopucmicms, 06'*-
€MHuli eonnozoemicm, pieeHb r'pyHmoeux eod ma iH. 3anponoHoeaHo psid Hosux crocobie su3Ha4YyeHHsI Yux napamempie s10epHo-2e0i3udHUMU
mMemodamu i nokazaHo ocobnueocmi ix ompuMaHHsi 8 30Hi M08HO20 8000OHacCUYeHHsI ma & 30Hi aepayii. Psid napamempie enepwe eusHa4yeHo 3a
dornomoz2oro 2eohi3u4HUX c8epPONI08UHHUX OOCITIOKEHb.

Po3po6neHo, euzomoesieHo i sunpobyeaHo komnsekm deokaHanbHux npunadie 2HHK i F'TK+I'K ma mpukomnoHenmHul npunad 2HHK+I'TK+TK,
sKi eionosidarome cy4acHUM eumMozam.

EgpekmueHicmb po3pobneHux nidxodie i anapamypu npodeMoHcmpoeaHa Ha npuknadi euzHa4eHHs1 nempogizuyHux napamempie 8 o6cadxeHil
c8epOsI08UHI.

Knro4oei cnoea: npunoeepxHeei 2ipcbki mopodu, nempoghizuyHi napamempu, KOMMIEKC 2aMMa-, HelimpoH-HelimpPOHHO20 i 2aMMa-2aMMa Kapo-
maxy; anapamypa padioakmueH020 Kapomaxy, 2/luHUCmicmsb, 2ycmuHa, nopucmicms, 06'eMHuli éosiozoemicm, koeghiyicHm eo0oHacu4yeHocmi.
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NETPO®PU3UYECKUE NMAPAMETPbI MPUNOBEPXHOCTHbIX NMECHYHAHO-MMUWHUCTbLIX TOPHbLIX NOPOA
MO KOMMNMNEKCY PAOUOAKTUBHOIO KAPOTAXA

Pa3pabomaH annapamypHo-memooduyeckuli KoMriaeKkc paduoakmueHo2o kapomaxa (AMK PK) dns onpedeneHusi coeokynHocmu nempoghu3u-
4YecKux napaMempose fnpunoeepxHOCMHbIX Nnec4YaHo-2suHUcmbix nopod. AMK PK eknroyaem: 2amma-kapomax (I'K), HelimpoH-HelimpoHHbIil Kapo-
max (HHK) u 2camma-2amma kapomax (I'TK); annapamypy PK; unmepnpemayuoHHo-Memodu4yecKoe U npozpaMmMHoe obecrneyeHue.

B obwem criyyae nempoghusuyeckue napamempbl 20PHbIX MOPOG MOXHO onpedesiumb C MOMOWbI0 KOMOUHUPOBaHUSI U3MepsieMbIX napamMem-
poe PK c ucnonb3oeaHuem psida anpuopHbix aHHbIx. AMK PK no3eonsiem onpedensims: napamMmempsb! MNiomHocmu, napamempsl 2UuHUcCmocmu,
nopucmocms, 06LeMHOe 8J1a2ocodep)xaHue, ypoeeHb 2pyHMoebix 800 u dp. [pednoxeH psid Hoebix crnocoboe onpedesieHUs aMux nNapamempos
s10epHO-2e0ghu3uYeCKUMU MemodaMu U rnoka3aHbl 0CO6€HHOCMU UX MoJly4eHUusl 8 30He MOJIH020 8000HaChIW,eHUsI U 8 30He aapayuu. Psd napame-
mpoe ernepebie onpedesieH MpuU MOMouju 2e0hU3U4eCKUX CK8aXXUHHbIX uccredosaHull.

Pa3pabomaHbi, uzzomoesneHbl u ucnbiMmaHbl KOMIIEKM OeyxKaHanbHbIX npu6opoe 2HHK u ITK+K u mpexkomnoHeHmHbil npubop
2HHK+ITK+IK, komopbie coomeemcmeyrom coepeMeHHbIM mpeboeaHusiM.

ApgpekmueHocmb pazpabomaHHbIx MoAx0008 U annapamypbl MPOOeMOHCMpPUPO8aHa Ha npumepe onpedesieHUs1 MempoguU3UYeCcKUX napame-
mpoe 8 o6caxeHHOU CK8aXKuHe.

Kniodeenie cnioea: npunoeepxHoCmHbIe 20pHbIe Nopodbl, nempogu3uyeckue napaMmempsl, KOMIIIEKC 2aMMa-, HelimpoH-HelimpPOHHO20 U 2a-
MMa-2aMMa Kapomaxa; annapamypa paduoakmueHOo20 Kapomaxa, 2/lUHUCMOCMb, M/IOMHOCMb, MOPUCMOocmb, 06bLEMHOE 6/1azocodepKaHue,
Ko3aghghuyueHm eo0oHachIW,eHHOCmuU.





