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Abstract

The principles of quality assessment of well drdlioperations have been reviewed and fyrade evaluation syste
(very high, high, satisfactory, unsatisfactory) lmeen suggested’he model for interpretation of rotational visitnstry dat:
using criteria of transformed disreptancy and tssof analysis of matricesf rheological properties estimates covariations
been summarized. The article describesv to build equations of state of rheological @Euigs on the basis of the result:
rotational viscosimetry data treatment for the pdérexperimentGeneral formulas for calculation of biviscosityifls stead
flow in circular cylindrical and annular pipes haween presented.

Keywords: biviscosity fluids, equation of state, quality a&sseent system, rheotechnologgtational viscosimetry da
interpretation model, stationary rheological mods&kady flow.

Drilling fluids systems are widely used during thefluids rheological properties, depending on tempeea
construction of oil and gas wells. They help opaiato  pressure, concentrations of reagents.
implement important functional requirements of reth This article on the basis of previously completed
technologies. The efficiency of drilling significyy  studies [9, 11, 13-18] develops certain issuesee|to
depends on the dynamic characteristics of prodestsf reotechnologies in drilling, namely:
flow, defining the criteria of optimality and systeof principles of quality assessment of technological
certain limitations and needs research, control araperations;
regulation of rheological properties. synthesis of interpretation model of rotational
To address the problem issues of oil and gagscosimetry data;
production due to the laws of flow of fluids, gasesl equations of state for rheological properties of
its mixtures, A.Kh. Mirzadzhanzade coined the terndrilling process fluids;
"rheotechnologies" as the targeted use of non- calculation of steady laminar flow of biviscosity
equilibrium properties of fluid systems, processids fluids in pipes.
systems and physical fields with regard to their

interaction on the basis of synergy effects [1-3]. Quality assessment of technological operations
In this respect scientific principles of drilling
technologies are based in particular on the stidp® The quality of the well depends ultimately on the

rheological properties of the drilling process ldgithat list and sequence of technological processes, danoe
relate  to complex rheological systems [4-6]of its parameters upon mining and geological caolt
Rheological properties form the functional purpage of drilling etc. Thus, targeted monitoring and pss
the drilling process fluid as dispersed systemeidgsm control is an integral part of the system of gualit
hydrodynamic, filtration and other requirements. assurance of wells construction.

Currently, the rheological properties of drilling Technology of deepening and completion of wells
fluids are defined mainly by rotational viscosinyetr fed the appropriate combinations of basic operation
data. Meanwhile different methods of measuremefach operation is characterized by the relevant
results treatment are used [4-12], which are based parameters system and certain restrictions on their
relevant rheological models and assumptions. There parameters that determine the quality of the ofmerat
no appropriate justification for the choice of rluapcal Generally, quality assessment of technological
model of the state. It is important in terms of theperations is limited to defining basic and coréal
application to construct equations of state oflidgl parameters, formation of the system of restrictions
case of safe drilling and provision of the quabtfywell
construction, stipulation of the criterion of opdility
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productive horizons disclosure and reliability ofvall where w is the angular velocity of the outer cylinder;

as a technical facility. 7, a are the shear stress on the internal and external
The system of quality assessment of wellgylinders;

construction technology should include performance Q. if r>T /a,z.

standards for each technological operation for the a= ’ A (3)

corresponding drilling conditions. Standards should Iy, if T=[T0,To/0’2[;

contain recommendations on the selection

OB _ ) . .
. o i . =R , R are the radii of the inner and outer
parameters, its monitoring and analysis, changdkédn ,/R: R R

technological operation to improve its quality. cylinders; 7, is the dynamic shear stress of the fluid;
Parameters of  technological operationsy() is the rheological model of the fluid.
x:(xl,xz,...,)g)T are selected out of safe drilling Viscosimetry data treatment comes to choosing (on
conditions, provision of restrictiong(x) to guarantee € basis of ~measurements) or ={z} and
quality well and optimality of effectiveness criter w={a)|}, i=1LN (N — number of velocities of outer
K, (x,a) cylinder rotation) of ¥ model of the fluid under
K, (x, a) ~ min, |10L, xOD; investigation out of certain a priori known cladsand
{¢(x) <0, M) building of estimates, of rheological properties.

where D is the range of definition of technological Class & is built out of_rheologically stationary
. T models (Newton y=7/n, Bingham y=(r-1,)/n,
operations parameters;=(a, a,,..., d,) is the model

Thus, on the basis of the abovementioned -((r—r )/k)y”
information, four-grade system for quality assesgme V= 0 '

of technological operations parameters can b;z(rl/n _T(])/n)n/” etc.), which allow explicit analytical
suggested:

Schulman—-Casson

very high — the parameters of technologica$olution of j(7), as well as biviscosity models
operations meet the adopted system of restrictzons y(r a(l)) r<*
reasonable optimality criterion; y= ’ T (4)
high — parameters of manufacturing operations {y(r,a@), T>T1%

conform to the system of (esprictions gnd at least of |\ here 1, 7,,k,n are the parameters of rheological
them does not meet the criteria of optimality; ) o _

satisfactory — the parameters of manufacturingroperties of models;a™, a” are the rheological
operations conform to the system of restrictiond ah properties of biviscosity models respectively fowl

least one of the_m.does not meet the criteria of Wez!md high shear rate gradients TD is the the threshold
construction quality;

unsatisfactory — the parameters of technologicltage shift, which is determined from the solntiof

operations conform to the system of restrictionmdpe equationy(r*, a(l)) = y(;*, a(Z)), Models (4) allow any

accepf[ed and at Ie_a_st one of_them doesn't meet tggmbination of the abovementioned rheological madel
conditions of safe drilling operations.

. . Assuming that the difference between the vector of
The model (1) of the selection of manufacturin 9

operations parameters suggests confirming the mnc%xperimental shear stress measurementsand its
of rheotechnologies, the parameters of which me‘ﬁ]eoretical fieldA(a a,) is additive, the task of rotary

performance criteriak, (x,a) on the basis of processwscosmetry data treatment can be formalized as

2

foll :
fluids rheological properties. For example, drifimud olows iher A
formulation for directional and horizontal wellsilting eitherAw a y¢&,
can be selected by criteria of cuttings removakcép e, ]
[14], tamping (buffer) system for wells cementing, r= o Awa e w0, (5)

drilling fluid displacement, process fluids for divery
and development of productive strata accordinghto t
criterion of rheological propertiest of filtrate eil where & is the random component vector due to

emulsions [15, 16] etc. measuring errors with normal distribution of their
probabilities.
Rotational viscosimetry data interpretation model The efficient algorithms forr = A(w,g,) tasks

Isolutions are presented in [4] for some on linear
viscoplastic fluids (Herschel-Bulkley, Schulman—
Casson). For biviscosity models (4) the main equati
of rotational viscosimetry (2) can be written as:

Couette equation of flow between coaxial
cylinders serves as a the retical basis for ratatio
viscosimetry data treatment [4—7, 9, 11]

_1ty()
w'E!Td‘t’ 2)
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1238, , . 0 The criteria for evaluation of rheological model
§£ P d¢, ifr<77, index could be as follows: transformed discrepancy

SAGIIRIAG) K(a)=|c™*(r- AwB))l; ©)
—| JFEAE+ [ 2 2AdE, geometric mean relative deviation of model paransete

w= 2| a Q( I E (6) UM
itrt <7< 7Ya? K@) = [HUVJ/?%,,»] : (10)
]

i]@dg if 7> rD/az. the average relative deviation of model parameters
2a ’ . 1 .

Here there are three typical flows in the viscomete K@) = ﬁzjzavi/a/i ' (1)
gap: for they,(7) if 7< rD; for the fluids y;(r) and maximum relative standard deviation of the paramete
y () it B<r<rYa?; for the fluid p(r) if K@) = maxo,/a,). (12)
r> TD/az where g,; is the evaluation of relative standard

From (2), (3) and (6) in particular, it follows tha deviation ofa,; parameter oi’ rheological modelM is

generally for non-Newtonian fluids there is no ctri the dimension of vectoa, .

assessment of shear gradieft= y(w,a@). Such an Matrix of covariations of rheological model

s parameters estimates is defined by inversion ofidfis
information matrix

and V|3f:oplast|c fluids (forr >.r0/a'2 ). For the other o= (A,u(w,a/)c-l A(w,%;)) L ' (13)

rheological models shear gradient value also depend ) N _ o o

the properties y= (@ a,,a) of the fluid under where A(a), a,) is a matrix of derivatives A'™* is a

investigation. transponsed matri@'.

Use of the formula for the shear gradient of  Selection of criteria for rheological model
viscous fluids leads to inaccuracies in the assessof assessment is based on additional information daggr
the rheological properties of non-Newtonian fluidsthe intended use of rheology measurement resultsein
which in some cases may be high [4, 7, 10]. Duigy technological operations.

assessmeny = Zaf(l— az) could be applied to viscou

the model for treatment of rotational viscosimedigta Transformed discrepancy (9) is used under the
with the use of cubic splines, suggested in [12] principle of . Iikelihgod fl_mctio_n maximum and
T, =Gy + G+, VP + G 7 EL2,. implemented in rotational viscosimetry data treattne

. . . . . models [4, 9, 11]. In some situations, this priteip
does not provide high accuracy data interpretatisry allows for the formation of the class of equivalemt

is assessed with the help of formulas for viscouisls.  statistically equivalent rheological models to iysta
Here c, are j —spline parameters. rheological model by criteria (10)-(12) on the basf

The procedure of rotational viscosimetry datdhe analysis of the matrix of competitive models
treatment depends on the type Gf matrix of random Parameters estimates covariations (13). Also the
component covariations (5). It is necessary to idens ndependence of criteria (10)~(12) in the models of
the cases when the matrix is known from the expemtm rotational viscosimetry data interpretation (7) a@)
and determines the informational content of experim Must be noted as they are valuable in applied tasks
and when random component is centered, statiomaty a/heological technologies.
independent at gll points c_)f observation. The tattse _ The example of rotational viscosimetry data
is associated with a rapid assessment of rheologica interpretation
properties with limited experimental material ardoa

requires a joint evaluation of dispersi@j of random In order to illustrate the suggested procedures (7)

and (8) let’s consider the interpretation of meaments
component in the matrix of covariation€ =0y, data of the plug-back slurry RTM-75 PV with the
wherel/ is a single matrix. density of 1920 kg/mat 22 °C. Plug-back slurry has
With this considerationin mind, the algorithm ofbeen prepared with the help of Chandler 3060 mixer
rotational viscosimetry data treatment is based onith the rotation speed of 9000 riliwithin 180 s. After
successive solution ofd, vector tasks, rheological conditioning in anSiStO_meéef for 10 min rheologica
properties for each model out & class and the properties were determined using a rotary viscomete
subsequent recognition of model index. It uses the 355R/SA-12witha relatlvej clearance_ant 0.9365.
principles of the maximum of likelihood function,or Measurem.ents results: the rotation frequency of
equivalently, the minimum of transformed discrepanc the external cylinderw={0.9, 1.8, 3, 6, 30, 60, 90, 1(

min||C’”(r— Awa))|= 12, 0vOs (7) 180, 200, 300, 64 min*, shear stress ={0.48, 0.96
a, v

and optimality of accepted model assessment @iteri 1.20,1.44, 4.79,10.05, 11.97, 13.41,@, 22.50
min K@,) = V. (8) 34.47, 60.3}3 Pa. Matrix of covariations of random
9
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Table 1 — Data processing results of rotational vidmetry of RTM-75 PV plug-back slurry

Rheological properties modely Root—Mean—Sq.uare deviat_ion ) Criteria K(§,) for formulas
evaluations 4, g,; of rheological properties | o2, P& (10) 1) 12)
of model v
v =1 (Herschel — Bulkley) g,, =0.3639Pa,
f,=0.48Pa, k =0.1488R-S, 0,, =0.0202Pas, 05493 | 0.1311] 0.3047 0.755
i =0.8643 0,,=0.0189
v =2 (Schulman — Casson) o, =0.3332Pa,
T, =0.23Pa, /] =0.0445Pss, o,, =0.0067Pas, 0.5716 | 0.4217| 0.6539 1.479
f=2.500 o0,, =0.8287
v =3 (biviscosity Ostwald and
Ostwald) o, =0.078€Pas”,
k, =0.2881 P&, % =0.0562 0.5830| 0.0126] 0.148§ 0.272
f, =0.74397° =16.35¢Pa 03, =0.0309Pas’,
K, =0.1475 Pe’, A, =0.8672 T3 =0.0319
v =4 (Ostwald) 0,, =0.0172Pas),
k= 0.1707Pas’, A =0.8452 g,, =0.0157 0-58561 00433 0.059%  0.1010
v=>5 (blvllgsic:;shl;yml\)levvton and 0., =0.315CPas,
/4 =0.0977Pes,” = 8.958Pa, o, =0.5717Pa, 0.7852 | 0.4296] 1.1791 3.223
7, =3.86Pa, /} =0.0556Pa T, = 0.0013Pas
V=6 (b|V|;<i:r(l)§;[ZrE)mgham and o, =0.325¢Pa,
fo, =0.69Pa, %, =0.0048Pas, 0.9859 | 0.1222] 0.200] 0.471
A, =0.0788Pss,#” =12.024Pa, s =0.9542Pa,
£, =4.07Pa,/, =0.0553P T, =0.0018Pas
v =7 (Bingham) o,, =0.5307Pa,
7. =1.93Pa, / =0.0590 Pes o, = 0.0016Pas 2.3870| 0.0852] 0.150¢ 0.2747

component is accepted &= 0’1 . Class? is formed Ostwald — Ostwald  =3) biviscosity fluid model is
out of Bingham, Ostwald, Herschel-Bulkley andghe most adeql_Jatg for criterion (10), and Ostwald
Schulman—Casson rheological models and biviscosify =4) for the criteria (11) and (12).

models (4), presented as combinations of Newton,
Bingham and Ostwald models.

The table 1 gives fragments of data interpretation
results in accordance with procedures (7) and (8). ] o
Rheological models are systematized by transformed !N practice, there are often situations causechby t
discrepancy criterion (9), or in the case of steiy need to assgss.the rheological properties qf tine fl
uncorrelated random component covariations ma@rix uUnder investigation for some plan of experimext
(5) by its equivalent adequacy dispersion?. (batch  processing). For instance, building of

According to the criterion (9) Herschel — BuIkley_bamth_em_]al or p—_T state equatpns a(p.T),
rheological model is the most adequate on#vestigation of the influence of chemical agent®m
(05:0,5493%%)_ rheological properties a(c) (p ~— pressure,
The table 1 shows that, depending on the religbilitT — temperature,c — vector of chemical agents
likelihood level, one can justify the equivalenas$ of concentrations) etc. The task of rheological proger
rheological models on the basis of criterion (9)ngs evaluation is meaningful for the most appropriate
statistical hypotheses. For instance, formodekheological modelinterms ok experiment plan.
|/={1,2,3,Z} adequacy dispersionsg? differ in Batch processing of data is the best variant fer th

) e Y .
significantly in terms of statistics and rheologicarves Matrix of covariationsC = o, 1 and can be formalized
clearly illustrate their equivalence (Fig. 1). Taealysis as (3). Then assessment procedures (7) and (8pecan
of selection criteria of rheological models indiesthat generalized as follows:

Building of rheological properties
state equations
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##& % (plot point) — results of measurements
—— (solid line) — calculated curve for the most adatg rheological model

4 # (rhomb) — boundary shear stress

a — Herschel-Bulkley model; b — Schulman—Casson moéebiviscosity fluid model (Ostwald and Ostwald
d — Ostwald model

Figure 1 — Rheograms of RTM-75 PV plug-back slurnfor equivalent models at a temperature of 22 °C

= 3_,v0d, s 1IN, (14) where Oj is the matrix of covariations of rheological
properties parameters estimates i —point of

min|A(w,a,,) -7

S

min K(4,,) = V. (15) . . .
In this case transformed discrepancy criterion (99)3xper|ment planyy’ is the number of parameters being
is equivalent to adequacy dispersion evaluated in models (17). One of the authors [17]
N N 2 demonstrates the application of the procedure {&8)
K(&,) = (Ns( N- 5))122( A w, as)-rsi) ,(16) build the equations of state of the rheologicalperties
=1 i1 of biopolymer drilling fluid (Biocar system) depend

wherer, is the number of parameters under assessment the temperature 25-15@ °and concentration of
of the v —rheological model. Criteria, based upon th&hemical agents (sodium chloride 5-25 %, organo-

analysis of covariations matrix of rheological peaies Mineral  colmatant Alevrdh 0,5-1,5%). The
estimates, taking in to consideration (16) areilaino experiment results have been used in accordande wit

(10) — (12) for the plan of the experiment. the Latin plan with with changing factors on 5 Isve
Building of the equations of state of the The equations of state (17) for the most adequate f

rheological properties depending on the number &fiterion (9) Herschel-Bulkley rheological_ modelvha
factors x; change levels of matrixX can be made in been presented as second order polynomials.

the second or higher class of polynomials [17] Calculation of steady laminar flow
a,(x) = BH(», (17) of biviscosity fluids
L .
where b(x) = (L, %,... %% ...% .% ..} is the basis Decision-making in reotechnologies requires
functions vector;B is the matrix of parameters. adequate modeling of hydrodynamic processes, due to

Matrix of parametersB in (17) is being evaluated the use of complex rheological models in fluid flow
for the most appropriate in accordance with (14J ancalculations, taking into account the effects ofebmle
(15) rheological model for different combination€ ~ information, informational uncertainty etc. Thus,is

of basis functions in accordance with procedure important to calculate technological fluids flow at
random cells of borehole circulation system. Heezaf

. A \T - ~
m'”{(Bb(X)‘ 3) Of*(BHx- 9)} = there are the integral equations, used to calculae
Ay — (18)  |aminar flow of biviscosity fluids in pipes [18]:
:>{B,£}, =L, <N,
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circular cylindrical pipes

f(r,d,d,) =7 + dd,(ap2),

e, . .
ﬁrffzy(r,a“’)dr, if 7, <7; 19  where  ®=0(d,d,r,), W=w(d,d,7,),
Q= [ 7 F=F(d1,d2,T2), G:G(dudyrz)-
= (J'rzy(r, a(l))dr+jr2y(r, aEZ)) er, ifr,>7"; The first equation (19) describes fluid flow of the
T\, v rheological modely(r, a(l’) if Ap<4r’l/d, while the

concentric annular pipes
d, =d, +4lr,/Ap;

7, =Ap(d,d, - o) /(41d);

second one describes biviscosity fluid flow of the
rheological modelsy(r,a(“) and y(r,a(z)) when

Ap>4r'l/d . The same applies to the fourth and fifth

r, =0p(D’ - d,d,) /(41D); (20) equations (20), the functions of whict#(d,,d,,7,),
®(d,,d,,7,) =W(d, d,.7,); w(d, d,7,), F(d,d,7), G(d,d,r,) take into
Q= rr(I/Ap)s[F(dl, d,.7,)+ G(d, d,7,)], account these features. The system of equationsig20

presented in a convenient form of numerical sofutio
(7,>0; 1,>0).

The equations (19) and (20) summarize the
solution of fluid flow tasks in aclass of stationary
drop in the pipe with in the length; 7,, 7, are the rheological models which allow an explicit analgfic
shear stress on the walls of internal and extepips; representation ofy = y/(7) type in case of biviscosity
d, D are the diameters of internal and external pipegyids flow (4) in circular cylindrical and conceitt

where Q is the fluid flow in a pipe;,, = Apd/(4l) is
the shear stress on the wall of the circular pijte the
diameter ofd and the length of ; Ap is the pressure

d,, d, are the flow core diameters; annular pipes [18]. The algorithm® = Q(Ap) for
T @\ (1_ . . numerical solution of tasks have been developefl) ((1
.[y(r,a )(1 o/ f(r.d.d))dr, ifr,s7; and (20)) with a set accuracy and on its basis the
o algorithms Ap=Ap(Q) have been developed. From
® = ]V(T, a(l))(l— r/ f (T’dl dz)) ar + (19) and (20) we can build flow velocity distribais of

biviscosity fluids in the pipe cross section, whish
important in tasks of fluid displacement and evatra

+]* y(r, a(z))(l— r/ f (r,dl dz)) &, ifr,>7; of laminar flow transport capacity.

T

To

Conclusions

T2

Iy(r,a(l))(1+ 7/ f(r,d.,d,))dr, ifr,<7";

To

The principles of evaluation of quality of well
. drilling operations, based on the decision-makiraget
W= jy(r, a(l))(1+ r/ f (Tvd11d2)) ar + with a flexible choice_ of optimality criterion ha\tﬂaen
reviewed. Accounting for the compliance of
., technological operations with the system of coistsa
+J‘ }-,(,’61(2))(1.,r T/f(z-,dlldz)) ar,ifr,>7; and optimality criterion four-grade evaluation ®yst
- (very high, high, satisfactory, unsatisfactory) hmeen
defined. The articles pecifies the concept of

To

T 3 . T
fy(r a(l))(r_ f (Ta dl'dz)) ar ifr<r rhe.otec'hnology in drilling of wells 'Fhat must mehg
: ' f (r, dl’dz) ' =0 optimality criterion on the basis of rheological
? properties of process fluids.
’ (r-f(r,d,,d,)) The model for interpretation of rotational
F= '(r a(l)) Y2/ dr+ oS i tari
- ,[V ' f (r d d ) viscosimetry data treatment using criteria of
To e transformed disreptancy and results of analysis of
r 3 . . B . .
L @ (r— f (T1d17d2)) . . matrices of  covariations _of rheological properties
+I y(r,a ) rd.d dr,ifr, <7 ; estimates has been summarized. The class of station
v (T’ 1 2) rheological models that allow explicit analytical
T (r+f (T-dpdz)f _ * solution of y=y(r) type includes biviscosity fluids.
Jy(r,a ) Trd d dr, ifr,<7; The model can be used for batch processing in
7 (T’ 1 2) accordance with experiment plan and is charactiize
¢ (T +f (T d d ))3 comparison with known increased interpretative
G={{plr,d 2l dr+ possibilities. It has been described how to build
;[ ( ) f(z.d,d,) equations of state of rheological properties ontthsis
, o (r+ f(r,d,, dz))3 | * ]E)f ttr;]e reisultsf of rotgtlon?I viscosimetry data tmeent
+JV(T,a ) .0 dr,if7,>7; or the plan of experiment.
7 T! 11 Y2
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; o 7 pages).
[1] Mirzadzhanzade, AKh, Filippov, VP, Ametov, IM ( , .
2002, System methods in oil productjofiechnika, Moscow. [12] Bul, BT, Tutur_lqu, AN. 2015_” A Gjenera_llz,ed
(in Russian) Rheological Model for Drilling Fluids With Cubic Spks’,

: SPE Drilling & Completionpp. 1-14.

[2] Khasanov, MM, Bulgakov, GT 2008lon-linear and
non-equilibrium effects in the rheologically comple ,_ . .[13] Myslyuk,_ MA, Rybchych, IY, Yeger, DO etc 20.'07
environments Institute of Computer Sciences Moscow—prInCIpIeS of creating of _quah_ty management systier ol
Izhevsk. (in Russian) ' and gas wells constructionQil and gas industry no. 1,

’ ) , : . 9-13. (in Ukrainian).

[3] Safarov, NM 2013, 'To the issue of the studyttod PP e -
formation of emulsions in the strataand the poksitof their [14] Myslyuki MA 2012.'. E:stlmatlon gf d””'ng. fld
application to increase oil recovery facta®il Industry, no. 1 removal capacity in wells frilling’ Construction of Oil and
pp. 86-89. (in Russian) ' ' Gas Wells on-Land and off-Shoreno. 3, pp. 29-32.

’ ) ' . in Russian).

[4] Myslyuk, MA, Rybchych, 1Y, Yaremiychuk, RS (in
2002, Wells drilling: Handbook: In 5 vol. Vol. 2.: Flusig 2009 [%SS]IMi/.SIyUl;’ﬂ']\AA’ tS_aIyszhyn, r':/l Bofgd;)_slavetg,fvv
wells. Drilling bits wear Interpress Ltd, Kyiv. (in Ukrainian). 09, “Selection of the optimal orr,nu ation of g mug for

[5] Malkyn, AJ, Isaev, Al 2007Rheology: concept, drilling in to productive formations'Construction of Oil and
methods, applications Professyya, St. Petersburg. (in(ci;‘r?ls?u\s/\éieallﬁ) on-Land and off-Shoreo. 2, pp. 35-39.
Russian). :

[6] Osswald, T, Rudolph, N 201%0lymer Rheology: [,16] Myslygk, MA' Salyzhyn,. YM, Bo.goslavets,. W
Fundamentals and Applicationsianser Publishers, Munich. 2014, 'The deterioration of reservoir propertiegpodductive

[7] Golubev, DA 1979, 'Building of true flow curge layers’, Ol Industry, no. 1, pp. 36-40. (in Russian).

. . . . . 17] Myslyuk, MA, Bogoslavets, VV, Luban, YuV etc
according to rotational viscosimetry dat@il Industry, no. 8, [ ) A . .
pp.18-21. (in Russian). 2015, 'Study of the rheological properties of Biocar

L , biopolymer system’,Construction of Oil and Gas Wells
[8] Zadvornov, VN, Litvinov, Al 1989, 'Features of ; .
engineering rheometry of non-Newtonian drilling idlsf, on-Land and off-Shoreo. 8, pp’) 31-36. .(|n Russian). .
Proc.VNIIBT, Moscow, vol. 66, pp. 125-141. (in Russian). [181 Myslyuk, MA 2.009' (;alcylatnon of stegdy 'am“.‘a
[9] M),/slyuk l\/]A 198‘8 ‘Determining  rheological flow of biviscosity fluids liquids in pipesConstruction of Oll

parameters for a dispersion system by rotatiorsdornetry’, a}ndRGa_s Wells on-Land and off-Shomo. 6, pp. 18-21.
Journal of Engineering Physics and Thermophysicd. 54, (in Russian).
no. 6, pp. 655 — 658.

References

V]IK 622.244.442
PeoTtexHonorii B 6ypiHHi cBepANoOBUH
M.A. Mucniok

Isano-Dpankiscoruli HAYIOHATLHULL MEXHIYHULL YHIBepCcUmem Hagmu i 2azy;
eyi. Kapnamcwra, 15,m. leano-®panxiscok, 16019 Vrpaina

Po3risiHyTO MPUHIKIT 1 3aMPOMOHOBAHO YOTHpUOANbHY (IyKe BHCOKA, BUCOKA, 33J0BiJbHA, HE33aJ0BiIbHA)
CHCTEMY OLIIHIOBaHHS SIKOCTI TEXHOJIOTIYHUX omepauiii OypiHHS CBEpIUIOBHH. Y3araibHEHO MOJIENb IHTEepIpeTarii
JaHUX POTALiHOI BICKO3UMETpii 13 BUKOPUCTAHHSIM KPUTEpiiB TpaHCHOpMOBaHOI HEB'SI3KM Ta pe3yJbTaTaTiB
aHai3y MaTpHIli KOBapialiid OIHOK PEOJIOTIYHUX BiacTHBOcTed. OnucaHo Mpoleaypy MOOYyIOBH PiBHSHL CTaHY
PEOJIOTIYHUX BIIACTUBOCTEH 3a pe3yJbTaTaMH OOPOOKH JTAHUX POTAIIMHOT BICKO3UMETPIi IS TUTAHY €KCTICPUMEHTY.
Hageneno 3aranpHi GopMyiM Ui pO3paxyHKY YCTaJeHHX Tedid OiB'S3KWMX PiAWMH B KPYIJMX IUIIHAPHIHUX 1
KUTBIIEBUX TpyOax.

KirodoBi cioBa: 6is6’'s3xa piouna, molenv iHmepnpemayii OaHux pOomMayiiHoi GIiCKO3UMempii, peonociuHo
cmayionapua mMooenb, peomexHoN02Is, PIGHAHH CIMAHY, CUCIEMA OYIHIOBAHHA AKOCMI, YCMANeHa meyis.
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