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Inverse heat conduction problem with Tikhonov regularization

Aliyeva Konul Hamid 2B<IP

Sumgayit State University, Sumgayit, Azerbaijan, ass.prof.
konul.aliyeva@sdu.edu.az

ARTICLE INFO ABSTRACT
Article history: He Inverse Heat Conduction Problem (IHCP) seeks to determine unknown
Received 11.02.2025 boundary conditions, heat sources, or material properties from measured
Received in revised form 28.02.2025 temperature data. Unlike the direct heat conduction problem, IHCP is
Accepted 10.03.2025 inherently ill-posed, meaning small errors in data can lead to large

instabilities in the solution. To mitigate this issue, Tikhonov regularization is
widely used, introducing a stabilizing term that balances data fidelity and
smoothness, thereby improving robustness against noise. The regularized

solution is typically obtained by solving an optimization problem that
minimizes a cost function incorporating both the residual error and a penalty
term. Proper selection of the regularization parameter is crucial for
achieving an optimal trade-off between stability and accuracy. Applications
of IHCP with Tikhonov regularization include thermal monitoring in
engineering systems, non-destructive testing, biomedical imaging, and
geophysical exploration. This study explores the effectiveness of Tikhonov
regularization in stabilizing IHCP solutions, highlighting computational
techniques and practical applications.

Keywords:

inverse heat conduction, ill-posed
problem, Tikhonov regularization,
stability, thermal analysis,
optimization

1.Introduction

Mathematical modeling involves the formulation of real-world phenomena into mathematical
expressions to analyze, predict, and interpret their behavior. A direct problem typically focuses on
predicting system behavior given input parameters. For example:

e Calculating the temperature distribution of a rod given its initial conditions and heat
source.

Conversely, an inverse problem seeks to determine unknown inputs or system parameters
based on observed outputs, making it significantly more challenging and often ill-posed.

Inverse problems arise when we try to determine unknown causes from observed effects.
They are common in science, engineering, and mathematics, particularly in fields like medical
imaging, geophysics, and heat conduction.

Key Features of Inverse Problems

1. Ill-posedness (as per Hadamard's definition):

a) Non-unigueness: Multiple solutions may fit the observed data.

b) Instability: Small errors in data can cause large errors in the solution.

¢) Non-existence: A solution may not always exist in the classical sense.

2. Regularization is often necessary to make the problem well-posed by introducing
constraints or prior information. One popular method is Tikhonov regularization, where a penalty
term is added to stabilize the solution.

1. Heat Conduction (Inverse Heat Transfer Problems):

a) Determining past temperatures from current observations.

b) ldentifying heat sources from measured temperature distributions.

4
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2. Optics & Astronomy:

a) Image deblurring: Restoring sharp images from blurred ones.

b) Adaptive optics: Correcting atmospheric distortions in telescopes.

Solution Techniques

o Tikhonov Regularization: Adds a stabilizing term to the solution.

« Bayesian Inference: Uses prior probability distributions to improve stability.

o lIterative Methods: Includes gradient descent, conjugate gradient, and expectation-
maximization.

e Machine Learning Approaches: Neural networks and deep learning for data-driven
solutions.

2.Problem statement
The inverse heat conduction problem involves determining the unknown boundary heat flux
or temperature from interior temperature measurements. The governing equation is typically the 1D
heat equation:
The heat conduction equation in one dimension is given by:
ou(x,t) aazu(x, t)

R ~5— 0<x<Lt>0

where:
T (x,t) is the temperature,

a= % is the thermal diffusivity,

k is the thermal conductivity,
p is the density,
1 c is the specific heat.
Boundary conditions:
« One boundary has an unknown heat flux q (0, t) to be estimated.
« The other boundary can have a known condition, e.g., T(L, t) given.
« Temperature data is available at some interior points.
Inverse nature: Unlike the direct problem, where initial and boundary conditions are known,
in the inverse problem, we estimate q(0, t) from noisy interior temperature measurements.
1) Discretization Using Finite Differences
A common approach is to use an implicit or explicit finite difference scheme.
a)Time Discretization (Forward Difference)
Substituting these into the heat equation:
Tin+1 _ Tin Tin+1 _ 2Tin _ Tiril

OO O™

ae ¢ (Ax)?
Rearrange
aAt
T =T+ (Bx)? (T = 2T + Ty

a) We use temperature measurements at interior points.

b) The heat flux at x = 0 is unknown and needs to be estimated.

Choosing the Regularization Parameter 4 and Different Regularization Operators L in
Tikhonov Regularization for IHCP

Inverse heat conduction problems (IHCPs) are typically ill-posed, meaning that small errors in
temperature measurements can lead to large errors in the estimated heat flux. Tikhonov
regularization helps stabilize the solution by introducing a penalty term controlled by the
regularization parameter A. Choosing A correctly is critical to balancing accuracy and stability.

1. Choosing the Regularization Parameter A

The choice of A is crucial because:

5



Aliyeva K.H. / Scientific News 25 Issue 1(2025)

« If 1 is too small, the solution will be unstable and sensitive to noise.

« If A is too large, the solution will be overly smoothed, losing important details.

Several methods are commonly used to determine the optimal A\lambdaA.:

1.1 L-Curve Method

2The L-curve is a log-log plot of the solution norm || Lq |l versus the residual norm || Aq — b |l.

3The optimal A is found at the corner of the L-curve, where the trade-off between solution
smoothness and data fit is optimal.

Algorithm:

1. Solve gA = (ATA + ALTL)*ATb for a range of A values.

2. Compute || Aq, — b |l (residual norm) and || Lg, |l (solution norm).

3. Plot them on a log-log scale.

4. Choose A at the curvature's maximum, where the trade-off is best.

1.2 Generalized Cross-Validation (GCV)

GCV minimizes an estimate of the expected error in the reconstructed solution.

The GCV function is:

Il Agy — b II?

(trase(l — A,l))2
where A; = A(ATA + ALTL)71AT is the regularized influence matrix.
Algorithm:
1. Compute G (4) for different A.
2. Select the A that minimizes G (A).
1.3 Discrepancy Principle
o Used when measurement noise level § is known.
o Choose A such that: || Aq; — b 11>~ 62
1.4 Morozov’s Principle
« Similar to the discrepancy principle, but instead of 62, a threshold based on expected
noise is used.
o ldea: Choose A such that || Agq; — b llis of the same order as the noise level.
2. Different Regularization Operators L
The regularization operator L controls the smoothness of the solution. Common choices
include:
2.1 Identity Matrix (L = I)
e Also known as zero-order Tikhonov regularization:
rrgnIIAq = blI*> + Allqll?
« Penalizes large values of q, enforcing a small-energy solution.
2.2 First-Order Derivative (L = D)
« Enforces smoothness by penalizing large first derivatives of g:
Lg=192-91.93 = 42 , -, qn — Gn-1]
This is called first-order Tikhonov regularization:
mqinllAq = blI?> + AlIDyqlI?
2.3 Second-Order Derivative (L = D;)
« Enforces smoothness by penalizing curvature:

eLqg=1[q3—-29; +q1,q4 — 293+ q> ,...]1
This is called second-order Tikhonov regularization:
rnqinIIAq = blI* + 2lIDqll?
2.4 Total Variation (TV) Regularization
« Encourages piecewise constant solutions, useful for sharp discontinuities:

G(L) =

6
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o ming||Aq — b||*> + 1 X;lqi+1 — ail
3. Final Thoughts
« If you expect a smooth heat flux, use D4 or D,.
« If the heat flux is piecewise constant, use TV regularization.
« The L-curve method is a good general-purpose choice for selecting A.
« If computational cost is an issue, discrepancy principle is a simple alternative.
We want to find the thermal conductivity coefficient o in the heat equation along the metal rod.
ou(x,t) 0%u(x,t)
at " ox?
Data: u(x, t) (temprature dimensions on the rod)
must be found: o«
Mathematical solution:
1.We discretize the equation

Derivative by time (2—1:

ou u(x,t+At) —u(x,t)
at At

. - 2%u
Spatial derivative (ﬁ)
0%u  u(x + Ax,t) — 2u(x,t) + u(x — Ax, t)
o ox? AP
2.Building a linear system for parametric identification
u(x, t +At) —u(x,t) u(x + Ax, t) — 2u(x, t) + u(x — Ax, t)
=

Ax?

At
3. We apply Tikhonov regularization
Objective function: J(©) =Il Aa = b 1>+ Alla||?

3.Conclusions
1. Tikhonov Regularization
Inverse problems are ill-posed, meaning small measurement noise can cause large errors in
the estimated heat flux. To stabilize the solution, Tikhonov Regularization is applied.
The standard Tikhonov formulation minimizes:
rrgnllAq = blI* + AllLqll?

where:

« A is the system matrix from the discretization,

e b is the temperature measurement vector,

e g is the unknown heat flux to be estimated,

« L is the regularization operator (often identity I or a discrete derivative matrix),

« A is the regularization parameter.

The regularized solution is:

q=(ATA+ ALTL)"1ATb

where A is chosen using L-curve, cross-validation, or generalized cross-validation (GCV)

Mathematical modeling and inverse problems play a critical role in modern science and
engineering. While mathematical models describe systems, inverse problems provide a means to
deduce unknown parameters or inputs from observations. Techniques like regularization and
iterative solvers have become indispensable for addressing the challenges of ill-posedness, ensuring
stability and reliability in practical applications.



Aliyeva K.H. / Scientific News 25 Issue 1(2025)

References

[1]. Beck, J. V., Blackwell, B., & St. Clair, C. R. (1985). Inverse Heat Conduction: Ill-posed
Problems. Wiley.

[2]. Tikhonov, A. N., & Arsenin, V. Y. (1977). Solutions of Ill-posed Problems. Winston & Sons.

[3]. Ozisik, M. N., & Orlande, H. R. B. (2000). Inverse Heat Transfer: Fundamentals and
Applications. Taylor & Francis.

[4]. Beck, J. V. (1970)."Nonlinear Estimation Applied to the Nonlinear Inverse Heat Conduction
Problem.” International Journal of Heat and Mass Transfer, 13(5), 703-705.

[5]. Alifanov, O. M. (1994). "Inverse Heat Transfer Problems." Journal of Engineering Physics and
Thermophysics, 67(4), 437-451.

[6]. Hansen, P. C. (1992)."Analysis of Discrete Ill-posed Problems by Means of the L-Curve."
SIAM Review, 34(4), 561-580.

[7]. Orlande, H.R.B. (2002). "Bayesian Inference for Inverse Heat Transfer Problems." Inverse
Problems in Science and Engineering, 10(5), 461-486.

Xiilasa
Tixonov requlyarlasdirmasi ilo istilikkecirmanin tors masalasi
dliyeva K.H.

Agar sozlar: tors istilik kegiricilik, geyri-korrekt masala, Tixonov requlyarlasdirmasi, sabitlik, istilik analizi,

optimallasdirma.

Tors istilikkegirmo masalosi (TIM) &l¢iilmiis temperatur molumatlar1 asasinda namolum sorhad sartlorini, istilik
monbolarini vo ya material xiisusiyyatlorini toyin etmoys yonslmigdir. Birbasa istilik kegirmo masalosindan forgli
olaraq, TIM mahiyyatco geyri-korrektdir, yani verilonlordaki kicik sohvler hallds bdyiik qeyri-sabitliya sobab ola bilar.
Bu problemi aradan galdirmaq {iglin Tixonov requlyarlagdirmasi vasitosilo molumatlarin daqigliyini vo hamarligim
tarazlayan sabitlogdirici termin toqdim edilir vo bununla da miidaxilalora qars1 dayamiqligi artirir. Requlyarlagdirilmig
holl adoton hom gqaliq xatani, hom do nizamlanma terminini 6ziinds birlagdiron Xorc funksiyasim (cost function)
minimuma endiron optimallagdirma problemini hall etmoklo alds edilir. Sabitlik vo daqiqlik arasinda optimal uzlagmaya
nail olmagq ii¢iin requlyarlasdirma parametrinin diizgiin se¢ilmasi ¢cox vacibdir. Tixonov requlyarlasdirmasi ilo TIM-nin
totbiq saholorino mithondislik sistemlorindo istilik monitoringi, dagidici olmayan yoxlama, biotibbi goriintiilomo vo
geofiziki todgiqatlar daxildir. Bu todgiqat Tixonovun TIM-nin hollorinin sabitlosmasinds requlyarlasdirmanin
effektivliyini aragdirir, hesablama metodlarini vo onlarin praktik totbigini vurgulayir.

Pesome
OopaTHas 3aga4a TenJI0NPOBOAHOCTH ¢ peryJsipu3anueii Tuxonona
Anueea K.I.

Knrwouegvle cnosa. obpammas menionposoonocms, Hekoppekmuas 3aoaua, peeyiapuzayus Tuxonosa,
YCMOU4UEOCMb, MENI0GOU AHAU3, ONMUMUIAYUS.

O6parnas 3anava temnonpoogHocty (O3T) HanpaBieHa Ha omMpesieNieHne HEM3BECTHBIX TPAHUYHBIX YCIOBHH,
HCTOYHUKOB TEIUIa WJIM CBOWCTB MaTepHaja Ha OCHOBE M3MEPEHHBIX TEMIIEPATypHBIX JaHHBIX. B oTiamume oT 3amaun
npsMoii TerutonpoBoaHoctH, O3T 1o cBoel CyTH HEKOPPEKTHA, a 3TO O3HAYAeT, YTO HEOONbIINE OMMOKH B JaHHBIX
MOTYT HPUBECTH K OONBIION HECTaOMIBHOCTH pemeHus. s ycTpaHeHHs 3TOW NMpoOJIeMBl IIMPOKO HCHOIB3YeTCs
perynspusanus THXOHOBA, BBOAAIIAS CTAOMIM3UPYIOMUI TEPMHUH, KOTOPBIN ypaBHOBEUINBAET TOYHOCTh M MJIABHOCTH
riepeiauy JaHHBIX, TEM CaMBIM IIOBBIIIAsl YCTOMYMBOCTh K ToMexaM. Peryisipiu3oBaHHOe pelnieHre 00bIYHO MOJTyqaeTces
MyTEeM peLICHHs 3aJa4d ONTHMHU3ALMK, KOTOpas MUHUMH3UpYeT $yHKUUIo 3aTpar (Cost function), Bkiovaromyo Kak
OCTaTOYHYIO OLIMOKY, TaK M PETryJspH3alMOHHBINH uieH. [IpaBHibHBIH BBIOOp MapamMeTpa peryispH3alid HMeeT
pemiaroniee 3HaYeHUE ISl JOCTHIKEHHS ONTHMAIFHOTO COOTHOUIEHUSI MEXAY CTaOMIBHOCTBIO M TOYHOCTBIO. OOnactn
npumenernss O3T c¢ perynspuzanueii THXOHOBa BKIIIOYAIOT TEIUIOBOM MOHHUTOPHHI B HMH)KEHEPHBIX CHCTEMAax,
Hepa3pyLIaloMMH  KOHTPOJIb, OMOMEAMIIMHCKYIO BH3yalu3alUMl0 W reou3Wdeckue HccieqoBaHusi. B sTom
HCCIICIOBAaHUN paccMarpuBaeTcst 3(GQEeKTHBHOCTh perymspusanuyd TuxoHoBa B crabmmmsamun pemennit O3T,
OCBEIIAIOTCS BEIYUCIUTEIBHBIE METO/IBI M UX MPAKTHYECKOE IPUMEHEHHE.
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HNH®OPMALIUSA O CTATBE PE3IOME
Hcmopua cmamou B pabome paspabomana moders npunamus peuileHuii 011 onpeoeneHus
Honyueno: 06.02.2025 NPOMbBIUIEHHO20 poboma 8 6ude HedemKkux MNPOOYKYUOHHBIX CUCHIEM.
Hcnpasneno: 03,03.02.2025 Co30ana basza meuemKkux Npasui, pearu3osama npoyedypa azsuguxayuu
Ipunamo: 10.03.2025 BXOOHBIX U BLIXOOHLIX JUHSUBUCIIUYECKUX NEePeMeHHbIX U onpedeneHa
CmeneHb UCMUHHOCMU 6XOOHBIX Yyciosull. B pezyiemame Oeazsugurayuu
Knroueevie cnosa: onpeoenenvl KOIUeCMEeHHble 3HAYEHUE BLIXOOHIX NEPEMEHHBIX.

baza npasui, MoOenb Ynpasienus,
HeueKue MHOHCeCMEA, NPOMbILUTIEHHbIL
pobom, dedazzudurayus

1.BBenenue

[TpomblnieHHBI pOOOT mpeAcTaBisieT co00M MPOrpaMMHO-YNPaBIIEMOE MEXaTPOHHOE
YCTPOMCTBO MpeAHA3HAYEHHOE U1 MO3ULMOHUPOBAHUS U OPUEHTUPOBAHMSI IPEIMETOB
IIPOM3BOJICTBA U AJIEMEHTOB TEXHOJOTHMUECKOro 000pynoBaHus. Pa3BuTre cUCTEMBI YIpaBJiIeHUs Ha
MUKPOINPOIIECCOPHON OCHOBE CTUMYJIUpPYET OBICTpO€ U KadeCTBEHHOE (YHKIIMOHUPOBAHME
MEXaTPOHHBIX YCTPOMCTB (mpoMmblnuieHHBIX podotoB) [1,3,4]. Ha oaroii ke 0asze co3maroTcs
pelenTopsl MPOMBILIUIEHHOTO HCIONb30BaHMs (CHCTEMbI pacro30BaHHUs 00pa3oB, TaKTaJbHBIE
JaTYUKU CHJIBI M TEMIepaTypbl), a Takke HOBble 3((deKTopbl (IMIaTOBbIE ABHUraTesbl, HOBBIE
MEXaHU3MBbI JBUKEHUSI B IIECTH CTEMEHSIX CBOOOIbI, 3aXBaTHBIE YCTpoucTBa poboTa). [Ipu sToMm,
ClleAyeT MOMYEepKHYTh, YTO MOP(OJOTHYECKU TJaBHBIE 3JEMEHThl POOOTa MO3BOJSAIOT SIBHO
MPEICTaBUTh KUHEMAaTUKy M KOHCTPYKILHUIO HOCUTENs YIpaBIseMOro mpouecca ABMKEHUS U
CUCTEMBI YIPaBJIECHHUsS HOCUTENEM. B3anMozaelcTBHE yNpaBlIEHUS W YIPaBISAIOLIETO Ipolecca
SBJIETCS OJHOM M3 TJIABHOX XapaKTEPUCTUK (PYHKIIMOHUPOBAHUS IMPOMBIIUIEHHOro pobora. B
JMCKPETHOM IPOM3BOJICTBE 33j7aya MPOMBIIIJIEHHOTO POOOTa COCTOUT B TOM, YTOOBI IIMKIMYECKU
MTOBTOPUTh HEKOTOPYIO YCTAaHOBJIEHHYIO IOCIIEOBATENbHOCTh omnepanuii. OJHUM U3 BO3MOXKHBIX
BapUaHTOB BBIIOJHEHUS TEXHOJIOTHYECKOM ONepaluy ¢ UCTOIb30BaHUEM IMPOMBIIUIEHHOTO poboTa
SBJIAETCS LMKJIMYECKU TOBTOPAIOIIAsACS IOCIEI0BAaTENbHOCTh pa3IMyYHbIX omnepaunil. Kaxmoit
TEXHOJIOTUIIECKON OIEpalliid COOTBECTCTBYET OIpeJiesieHHasi TexHosorus. B crarbe paspaboTana
MOJI€SIb TPUHSTHS PEIICHUN ONpeAeNIoUX COCTOSIHHE MPOMBIIUIEHHOTO poboTa B YCIOBHSX
HEOIPEAEIEHHOCTH.

2. Co3nanue 6a3bl NPOAYKIMOHHBIX NPABUJI LISl ONpe/ie/IeHHs] COCTOsIHME PosoTa

Jst dopmupoBanusi 0a3bl MPABHJI CHCTEM HEUETKHX MPOMYKIIMA OMPEESIOTCS BXOIHBIC
JUHTBUCTUYECKUE TIEpEMEHHBbIE. B KauecTBe BXOAHBIX JMHIBUCTUYECKUX IEPEMEHHBIX CIELYET
(GopMaIbHO HCIOJIB30BaTh CIEIYIOIIUE: « YroJl IOBOPOTa IOBOPOTHOTO YCTPOMCTBO pPoOOTa»,
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«CKOPOCTb JBMKEHHUSI IOABEMHOTO yCTpoiicTBa po6oTa»: T, =(COOTBETCTBYET JNOIMYCKaM;uyTh HUXKE
JONYCTUMBIX 3HAUEHUI; UyTh BBIILIE JOMYCTUMbBIX 3HAYECHUI ; BBILIE JONYCTUMbBIX 3HAUEHUN ; HUKE
JOMYCTUMBIX 3HAYEHHIA; CYIIIECTBEHHO BBIIIE OMYCTUMbIX 3HAYCHUH; HYJIb, OJU3KO K HYJIBIO).

B kadecTBe BBIXOJHOW JTUHTBUCTUYECKOW MEPEMEHHOW cieayeT (opMalbHO HCIOIB30BATh
«coctosiHue podoTtay: Tz = ( HOpMANBHBIN ; HOpMaJIbHBINA, OJU3KO K HOPMAIbHOMY; MPUHUMAIOT B
CUCTEMY KOHTPOJIbIO; HEHOPMaJIbHBIN).

B HedeTkux NpOIyKIIMOHHBIX MOJIEeH yIpaBieHUs MPOMBIIIIEHHOTO po00Ta UCIOIb3YIOTCS
MpaBUjIa HEYETKUX MPOAYKIIHHA, B KOTOPBIX YCIOBUS M 3aKIIOUEHUS CPOPMYITUPOBAaHBl B TEPMUHAX
JMHIBUCTHYECKHUX BBICKA3bIBAHUH cieyiero Buaa [2]:

Ilpasuno «#». ECJIIN A ects x, U A4, ectb x, U .11 A4, _, ectb x, ; TO A, ectb Xx,, r2ie

A4,,4,,..,A, Ha3BaHUs JUHTBUCTHYECKONW NMEPEMEHHOM; X, X,,...,X ;, X - MX 3HAUYEHUS, KOTOPHIM

COOTBECTBYIOT OTJICJIbHBIC JHHTBUCTHYECKHE TEPMbI M3 0a30BOrO TEPM-MHOXKECTBA OT/AEIBHBIX
JIMHTBUCTUYECKUX NIEPEMEHHBIX.

Hnst daz3udukanmu BXOIHBIX MPEMEHHBIX «Yrojib MOBOPOTa IOBOPOTHOTO YCTPOMCTBA
po6OTa» U «CKOPOCTh JABMKEHUS MOJIbEMHOIO YCTPOUCTBO poOOTa» MCMOIb30BaHA TpareLeBUaHas
GYHKIMS TPUHAIUICKHOCTH, KOTOPAsi 331a€TCsl CIEAYIOIMME BhIpakeHusmu [5,6]:

0, ecmu X<a;
X—a
——, ecm a<x<b;
b-a
f(x,a,b,c,d)= 1 eciu b<x<c;
d-x
, ecm c<Xx<d:
d-c
0, eciu C<d<Xx;

rae a,b,c,d - HeKOTOphle MPOM3BOJIBHBIE NEHCTBUTENBHBIC YHCIA, YJOBJIETBOPSIOIINE YCIOBHIO
as<b<c<d.

B kauecTBe TepM-MHOXECTBa BCEX BXOJHBIX JIMHIBUCTUYECKMX IIEPEMEHHBIX OyaeM
UCIOJIb30BATh CIEAYIINE MHOXKECTBA!

baza npoayKIIMOHHBIX MPaBUJI CUCTEMBI HEYETKOT'O BBIBO/A BHITJIAIUT CIIEIYIOIIUM 00pa3oM:

Ilpaguno 1: Ecnu yroiap mNOBOpPOTa IOBOPOTHOIO YCTPOMCTBA poOOTa COOTBETCTBYET
JOMyCKaM, U CKOPOCTh JABHM)KEHHE MOJbEMHOI0 YCTpOicTBa poOOTa COOTBETCTBYET JOMYCKaM, TO
COCTOsIHME po0OTa CYUTAIOT HOPMAJILHOM.

Ilpasuno 2: Ecaum yroab MOBOpPOTa MOBOPOTHOTO YCTPOHCTBa po0OOTa UYyTh HHXKE
JOMYCTUMBIX 3HAYEHUH, U CKOPOCTh JBUKEHHE MOJbEMHOr0 YCTpOHCTBAa pobOOTa UyTh HIXKE
JOMYCTUMBIX 3HAYEHHUH, TO COCTOSTHHE POOOTa CYMTAIOT HOPMAJIBHBIM, OJIM3KO K HOPMAJIbHOMY.

Ilpaguno 3: Eciu yroiab mNOBOpOTa MOBOPOTHOTO YCTpoWCTBa po0OOTa 4YyTh BBIIIE
JONMYCTUMBIX 3HAYEHUH, U CKOPOCTh JBM)KEHHE MOJBEMHOI0 YCTPOWCTBAa poOOTa YyTh BBIIIE
JOTTYCTUMBIX 3HAYE€HUH, TO COCTOSIHME poO0Ta CUUTAIOT HOPMAJIbHBIM, OJIN3KO K HOPMAJIbHOMY.

Ilpasuno 4: Ecnu yroab MmoBOpoTa MOBOPOTHOTO YCTPOMCTBA poOOTa BBIIE JOMYCTHUMBIX
3HAYEHUH, U CKOPOCTh JBUKEHHE MOJbEMHOT0 YCTPOMCTBA poOOTa BBIIIE JOMYCTUMBIX 3HAYCHHM,
TO COCTOSIHME POOOTa MPUHUMAIOT B CUCTEMY KOHTPOJIS.

Ilpaguno 5: Ecnu yroib moBOpOTa MOBOPOTHOTO YCTPOWCTBAa poOOTa HUXKE JOMYCTUMBIX
3HAa4eHUH, U CKOPOCTh JIBUKEHUE MOJBEMHOTO YCTPOICTBAa poOOTa HUXKE JTOMYCTUMBIX 3HAUEHU,
TO COCTOSIHME POOOTa MPUHUMAIOT B CUCTEMY KOHTPOJISL.

Ilpasuno 6: Ecau yroib MOBOPOTa MOBOPOTHOTO YCTpPOMcTBa poOOTa CYIIECTBEHHO BBIIIE
JOMYCTUMBIX 3HAu€HUH, U CKOPOCTh JBM)KEHHE IOJLEMHOT0 YCTPOMCTBA poOOTa CYIIECTBEHHO
BBIIIE JIOMYCTUMBIX 3HAUEHHH, TO COCTOSIHHE pOOOTa CUNTAIOT HEHOPMAJILHOM.

10



Anuesa K.P., bByoacos HU.C. | Scientific News 25 Issue 1(2025)

Ilpaguno 7: Ecnu yroiib MoBOpOTa MOBOPOTHOTO YCTPOMCTBA poOOTA HYIb, OJIM3KO K HYJIIO, U
CKOpOCTh BM)KEHHUE TIOJIbEMHOTO YCTPOHCTBAa poOOTa HYIIb, OJIM3KO K HYIIO, TO COCTOSIHHE po0OoTa
CUMTAIOT HEHOPMAJILHOM.

Jnst dazsudukanuy TEPMOB JUHTBUCTUYECKONW TiepeMeHHON [7] A BbeIOpaHbl (DYHKIIMH
IpHUHAAIEKHOCTU (pUCYHOK 1) B yHuBepcyme X,=[0,90] u ompeneneHsl cienyromue HE4ETKHE

maoxectBa: A =[0,0,5,13]- nyns, Omusko k mymo, A, =[11,14,20,26]- HmKe IOMyCTUMBIX
3nauenuit; A; =[24.5,25,34,39]- uyrp Hwke nomycTMMBIX 3HaudeHuit; A, = [37,40,4550] —
cooTBeTcTBYeT gomyckam; A, = [48,53,58,63]- uyTp BbImIEe AOMYCTHMBIX 3HauYeHHH; Ay =
[62,67,72,75] - BeIme pomycTuMmbIX 3Hauenuit; A, =[74,83,90,90] - cymectBeHHO BBbIIIE

JIONYCTUMBIX 3HAUYEHUH.

Ha puc.l mpencraBieHO MHTEpaKTHBHOE OKHO, yepe3 Koropoe (azzuduuupyrorcs Bcex
TEPMOB JIMHI'BUCTUYECKOM  IIEPEMEHHOM « YIOJb II0BOPOTAa IOBOPOTHOIO YCTPOMCTBa» IIO
CpelcTBaM TpaleuuBUAHBIX (YHKIIMHA MPUHAIIC)KHOCTH Ha yHUBepcyMe [0,90].

plt points: 181
Membership function plots
I I I I I I
Ik HEY unm ca ueg a1 cam

input variable *ynny*

Pucynox 1.1 paguueckoe uzobpasicenue yHkyuu npuHaoIedscHoCmu 6X00HbIX TUHSEUCTHUYECKUX
NEePEeMEHHbIX « Y201b NOGOPOMA NOBOPOMHO20 YCIMPOUCMEd pobOmay

Jna  ¢da33udukanyu TEpMOB JIMHTBUCTUYECKOW IepeMeHHOM B BbiOpaHbl  (QyHKIUU
npuHauIexkHOCcTH (puc.2) B yHuBepcyme X, =[0,20] u ompeneneHsl CleayrolUe HEUETKHE

mHOXecTBa: B,=[0,0,1,2] Hynb, 6imsko k Hymo; B,=[0,0.3, 2,2.9] - Hmxe 1OMyCTUMBIX 3HAYECHHH;
B, =[2,3,4.5,7] - uyre HmWKe nomycTuMmblx 3Hadenwit; B, =[6.9,8.9.7,11.3] — coorBercTBYET
nomyckam; B, =[10,12, 13.7, 15] - uyTh BbIIIe 1OITyCTHMBIX 3HaYeHuit; B, =[14.1,16,17,18] - BbIme
JOIyCTUMBIX 3HaueHuit; B,=[17.2,19.1,20,20] - cymecTBeHHO BBIIIE JOMYCTUMBIX 3HAYCHHH.

Ha puc.2 mpeacraBieHO HMHTEPAKTHBHOE OKHO dYepe3 KOoTopoe (a33upuImMpyroTcs BCeX
TEPMOB  JINHTBUCTHUYECKOM NIEPEMEHHOMN 10 CPEICTBaM  TpAaICIMBHIHBIX byHKIUN
MpuHaUIe)KHOCTH Ha yHUBepcyMe [0,20].

s pa3zupukanuy TEpMOB JTUHIBUCTHUECKOW BBIXO01 TiepeMeHHO# C BbIOpaHbI (hYHKIIMU
NpUHAANIEXKHOCTH (pucyHok 3) B yHuBepcyme X,=[0,10] u ompezneneHsl cieayromue HEYETKHE
maoxectBa: C, = [0,0,0.5,1]-nenopmansnsiii ; C, =[0.8,1,1.4,2] - Gmu3ko k HopmaibpHOIl; C,
=[1.5,2.1,2.5,3]- nHopmanbhsii; C, = [2.8,3.5,4,4.3] - Oxmsko k HopMmanbHOI; C,=[4,4.6,55.5] —

cocTosTHHE po0OTa IPHHUMAIOT B cucteMy KoHTpoist; C, = [17,19,20,20]- HeHOpMabHBIA.
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Membership function plots
T

T T T T T T
ynb Hs kg3 ca usga Bp3 capga

1
input variable finput2®

Pucynok 2. I pagpuueckoe uzobpasicenue @ynkyuu npuHaoIe’HcHoCmuy 86Xx00HbIX TUH2BUCTUYECKUX
NEePEMEHHbIX « CKOPOCHb 08UMNCEHUST NOObEMHO20 YCMPOUCMEa pobomay

Ha puc.3 mpencraBieHo MHTEpaKTUBHOE OKHO, depe3 KoTopoe (az3uduiuupyroTcs Bcex
TEpPMOB JIMHTBUCTUYECKONW TIEPEMEHHOM « COCTOSIHME POOOTa» MO CPeACTBaM TpPaNelUBUIHBIX
byHKIMi npuHAUIEKHOCTH HA yHEBepcyme [0,10].

plot points: 181
Members hip function plots
[

I T I I I I
HGH 0be nbc che obH nG 0bK nbk KK

output variable "output1®

Pucynox 3. I paghuueckoe uzodpasicenue 6Xx00HbIX TUHLEUCTUYECKUX
nepeMeHHbIX « COCmosHUue pobomay

Heuerkme MHOXECTBA, COOTBCTCTBYIOIIHWE OJSJICMCHTAM MHOXECTBA TEPMOB BXO}IHOﬁ
JIMHTBUCTHYECKOM HepeMeHHOI\/'I A MOXHO MNpEaACTaBUT B BUAC!:

A;(x) = {(1/0),(1/1),(1/2),(1/3),(1/4),(1/5),(0,875/6),(0,75/7),(0,625/8), (0,5/
9),(0,375/ 10), (0,25/11), (0,125/12), (0/13)}

A,(x) ={(0/0),(0/1),(0/2),(0/3),(0/4),(0/5),(0/6),(0/7),(0/8),(0/9),(0/10), (0/
11), (0/333/12), (0,666/13), (1/14), (1/15), (1/16), (1/17), (1/18), (1/19), (1/
20), (0,833/21), (0,666/22), (0,5/23), (0,333/24), (0,166/25), (26/0)}

As(x) = {(0/0), (0/3.5),(0/7),(0/10.5), (0/14), (0/17.5), (0/21), (0/24.5), (1/28), (1/31.5),
(0.8/35), (0,1/38.5)}

A, (%) = {(0/0), (0/5), (0/10), (0,15), (0,20), (0142/25), (1/30), (0.8/35), (0/40), (0
/45),(0,50)}
As(x) = {(0/0),(0/6),(0/12),(0/18),(0/24), (1/30), (0.6/36), (0/42), (0/48), (0/54), (0
/60),(0/66)}
Ag(x) = {(0/ 0/),2(2(;/ 2),(0,4),(0/6),(0/8),(0/10),(0/12), (0/14), (0/16), (0/18), (0/20), (0

12



Anuesa K.P., Byoaeos HU.C. | Scientific News 25 Issue 1(2025)

(0/24), (0.428/126), (1/28), (1/30), (1/32), (1/34), (0.6/36), (0.2/38), (0/40), (0/
42), (0/44),
(0/46), (0/48), (0/50), (0/52), (0,54), (0,56), (0/58), (0/60), (0/62), (0,64), (0/66),
0/68),(0/70),(0/72), (0/74), (0/76)}
A;(x) = {(0/0/).68/6), (0/12),(0/18),(0/24),(1/30), (0.6/36), (0/42), (0/48), (0/54), (0
(0/66), ’(0/ 72),(0/78),(0/84),(0/90)}

Hederkne MHOXKECTBA, COOTBETCTBYIOIIME DJIEMEHTAM MHOXKECTBA TEPMOB BXOIHOU
JIMHTBUCTUYECKOM NIEPEMEHHOM B MOKHO ITPEACTABUT B BUJIE:

B, (x) = {(0/0), (0/0.1), (0/0.2),(0/0.3), (0/0.4), (0/0.5), (0/0.6), (0/0.7), (0/0.8), (0/0.9), (0/1), (0
/1.1),(0/1.2), (0/1.3), (0/1.4), (0/1.5), (0/1.6), (0/1.7), (0/1.8), (0/1.9), (0/2)}

B,(x) = {(0/0),(0/0.3), (0/0.6),(0/0.9), (0/1.2), (0/1.5), (0/1.8), (0/2.1), (0/2.4), (0/2.7)}

B;(x) = {(0/0),(0/0.5),(0/1),(0/1.5),(0/2),(0/2.5),(0/3), (0/3.5),(0/4), (0/4.5), (0/5), (O
/5.5),(0/6),(0/6.5),(0/7)}

B,(x) = {(0/0),(0/0.3),(0/0.6), (0/0.9), (0/1.2), (0/1.5), (0/1.8), (0/2.1),(0/2.4),(0/

2.7),(0/3),(0/3.3), (0/3.6), (0/3.9), (0/4.2), (0/4.5),(0/4.8), (0/5.1), (0/5.4), (0/5.7), (0/

6),(0/6.3), (0/6.6),(0/6.9),(0/7.2),(0/7.5), (0/7.8),(0/8.1), (0/8.4), (0/8.7), (0/9), (0/

9.3),(0/9.6), (0/9.9), (0/10.2), (0/10.5), (0/10.8), (0/11.1), (0/11.4)}

Bs(x) = {(0/0),(0/2),(0/4),(0/6),(0/8),(0/10),(0/12),(0/14),(0/16), (0/18)}

Bg(x) = {(0/0),(0/1),(0/2),(0/3),(0/4),(0/5),(0/6),(0/7),(0/8),(0/9),(0/10), (0/

11), (0/12), (0/13), (0/14), (0/15), (0/16), (0/17),0/18)}

B, (x) = {(0/0),(0/0.5),(0/1),(0/1.5),(0/2),(0/2.5),(0/3),(0/3.5), (0/4), (0/4.5), (0/5),
(0/5.5),(0/6), (0/6.5),(0/7),(0/7.5), (0/8), (0/8.5), (0/9), (0/9.5), (0
/10),(0/10.5), (0/11), (0/11.5), (0/12), (0/12.5), (0/13), (0/13.5), (0/14), (0
/14.5),(0/15), (0/15.5), (0/16), (0/16.5), (0/17), (0/17.5), (0/18), (0/18.5), (0
/19),(0/20)

Heuerkue MHOXECTBA, COOTBETCTBYIOIIMWEC JJICMCHTAM MHOXCECTBA TCPMOB BI)IXOI[HOI\/'I
JIMHTBUCTHYECKOM HepeMeHHOP’I C MOXHO MNpeaACTaBUT B BUJC:

C1(x) = {(0/0),(0/0.5), (0/1)}
C,(x) = {(0/0),(0/0.2),(0/0.4),(0/0.6),(0/0.8),(0/1),(0/1.2),(0/1.4),(0/1.6), (0/1.8), (0/2)}
Cs(x) = {(00),(0/05),(0/1),(0/1.5),(0/2),(0/2.5), (0/3)}

C.(x) = {(0/0), (0/0.1), (0/0.2), (0/0.3), (0/0.3), (0/0.5), (0/0.6), (0/07), (0/0.8), (0/0.9), (0/1),
(0/1.1),(0/1.2),(0/1.3), (0/1.4), (0/1.5), (0/1.6), (0/1.7), (0/1.8), (0/1.9), (0/2),
(0/2.1),(0/2.2),(0/2.3),(0/2.4), (02.5), (0/2.6), (0/2.7), (0/2.8), (0/2.9), (0/3), (0
/3.1),(0/3.2), (0/3.3),(0/3.4), (0/3.5), (0/3.6), (0/3.7), (0/3.8), (0/3.9), (0/4), (0
/4.1),(0/3.9), (0/4.3)}

Cs(x) = {(0/0),(0/0.5),(0/1),(0/1.5),(0/2),(0/2.5),(0/3),(0/3.5),(0/4), (0/4.5),(0/5), (0/0.5)}

Co(x) = {(0/0), (0/0.2),(0/0.4), (0/0.6), (0/0.8), (0/1), (0/1.2), (0/1.4), (0/1.6), (0/1.8), (0/2), (0
/2.2),(0/2.4),(0/2.6),(0/2.8),(0/3), (0/3.2), (0/3.4), (0/3.6), (0/3.8), (0/4), (0
/4.2),(0/4.4),(0/4.6),(0/4.8),(0/5), (0/5.2), (0/5.4), (0/5.6), (0/5.8), (0/6), (0
/6.2),(0/6.4),(0/6.6),(0/6.8), (0/7)}

¢,(x) = {(0/0),(0/0.3),(0/0.6), (0/0.9), (0/1.2), (0/1.5), (0/1.8), (0/2.1), (0/2.4), (0/2.7), (0/3), (O
/3.3),(0/3.6), (0/3.9), (0/4.2), (04.5), (0/4.8), (0/5.1), (0/5.4), (0/5.7), (0/6), (0
/6.3),}(0 /6.6),(0/6.9),(0/7.2),(0/7.5),(0/7.8), (0/8.1), (0/8.4), (0/8.7), (0/9), (0
/9.3)

Cg(x) = {(0/0),(0/5),(0/1),(0/1.5),(0/2),(0/2.5),0/3),(0/3.5),(0/4), (0/4.5), (0/5),
(5.5),(0/6),(0/6.5),(0/7),(0/7.5),(0/8),(0/8.5),(0/9),(0/9.5), (0/10)}
13



Anuesa K.P., byoaeos U.C. | Scientific News 25 Issue 1(2025)

Jiis obmiero aHaim3a pa3pabOTAaHHOTO HEYETKOTO BBIBOJA “COCTOSIHME PO0OTA” BBHIMOIHECHA
BU3yaJIM3allisl MOBEPXHOCTH HEYETKOrO BBIBOJA (PUCYHOK 4) W OSTO TO3BOJISIET YCTaHOBHTH
3aBUCUMOCTDb MCKY BXOJHBIX U BBIXOJHBIX IIEPEMCHHLIX HCUCTKOI'O BBIBOAA. (pI/ICYHOK 5)

=45 Inputz = 10
ey g outputt = 3.80

Y
/

AR

& — — — — — — — — —
gL I L L L 1L 7L L J1
e e e e e e e e

N

o

Pucynox.4. Buzyanusayus pe3yismamos 6binoaHeHUs. NpaeiLt

input2 0 0

Pucynox.5. Tpexmeprnoe uzobpasicenue pesyivmama 0edazsupuxayus 6bIX0OHbIX HEPEMEHHBIX
«cocmostue pobomay

3.3ak/0uenne

PazpaGotan Mojens  ympaBieHHS  MPOMBINUIIEHHOTO poOOTa B BUIAE  HEUYETKHUX
MPOAYKIMOHHBIX cucTeM. Co3aHa 6a3a mpaBuil, peaanu3oBaH npoienypa Gpa3z3zuuKaiy BXOIHBIX
JUHTBUCTUYECKUX NepeMeHHbIX. OcymiecTBieH mnpouenypa (asudukanns BXOHBIX U BBIXOJHBIX
JTUHTBUCTUYECKUX TEPEMEHHBIX HCIIONb3Yysl TpPANelUUeBUIHBIX (QYHKIUH  TPUHAIIC)KHOCTH
HEYETKNX MHTEepBaloB. B pe3ynbrate nedasmdukanuy BHIXOIHBIX JUHTBUCTHYECKUX MEPEMEHHBIX
OIMPEACIICHBI X KOJTMYCCTBCHHBIC 3HAYCHHC.
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Xiilasa
Qeyri-miiayyanlik soraitinds sonaye robotunun islomasi ii¢iin qorar gobuletms modeli
dliyeva K.R., Budaqov 1.S.

Acar sozlar: gaydalar bazasi, idaraetma modeli, yoxlanilmayan, agilli sanaye robotu

Qeyri-solis neyron sobokolor formasinda sonaye robotunun modeli hazirlanib. Qeyri-solis qaydalar bazasi
yaradilmis, giris vo ¢ixis doyisonlorinin qeyri-solislogdirilmasi proseduru hoyata kegirilmis, giris sortlorinin dogruluq
doracasi miioyyon edilmigdir. Qeyri-salislogsdirmonin naticasi ¢ixis doyigonlorinin komiyyst qiymatidir.

Summary
Model of decision making for the functioning of an industrial robot under conditions of uncertainty
Aliyeva K.R., Budagov I.S.

Keywords: rule base, control model, non-check, intelligent industrial robot

A model of an industrial robot in the form of fuzzy neural networks has been developed. A fuzzy rules base has
been created, a procedure for fuzzification of input and output variables has been implemented, and the degree of truth
of input conditions has been determined. As a result of defuzzification, the quantitative value of output variables has
been determined.
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Hannas  paboma  nocsswaemcs — UCCIe008AHUID  8OIbMAMNEPHBIX
3aeucumMocmell Npu COBMECMHOM 3JeKMPOBOCCMAHOGIEHUU NeppeHam U
Monuboam uoHo8 u3 cyrb@amuuix dnekmpoaumos Ha Pl-anexkmpode. Uzyueno
GUAHUE PA3TUYHBIX DAKMOPOE, MAKUX KAK COOepuCcaHue KOMNOHEHMO8 8

JleKmpoaume, njiOmMHOCNb mMoKa, memnepamypa, KUCionmHocms pacmeopoe
u m.d., Ha cocmae u Kaivecmeo i’lOKpblmull Ha ochosanuu Oanmvix
XUMUYECKO20 U PEHMEHOCMPYKNIYPHO2O aAHAIU3A YCMAHOBIEHO, HYmo

anekmpoocadicoennvle nokpvimus umerom cocmae MoigRe;; (Mo 23% Re
77%), komopwili Oau30K K Xumuyeckomy coeounenuto MoyRes. Ioxazano,
umo Haubonee YerecooOpPasHo NPOBOOUMb INEKMPOIU3 NPU MeMnepamype
75°C.  Buwisichunocs, umo nposedenue npoyecca npu Goiee  BbICOKUX
meMnepamypax u RIOMHOCMAX MOKA NPUEOOUM K HEKOMOPOMY NOBLIUEHUIO
6bIX00Q Memalid Nno MOKY, 0OHAKO Yclodichsiem npoyecc. Ha ocnoeanuu
IKCNEPUMEHMANbHBIX — OAHHLIX — YCMAHOGNEHO,  4MO Ol HOJLYYeHUs.
NOAYNPOBOOHUKOBBIX CNIAB08 peHuti-moudoen, coodepicawux 35-80% Re,
pexomendyemcst  ciedyiowull cocmas aaekmpoiuma (monv/n):  Cocmag
anexmpoauma (Mov/1): 1,5:10° Na,MoO, + 3,5-10° KReO,+2,0 H,SO,;
pH=0,4; V=0,005 Bl t=757C, anexmpod — Pt.

Kniwoueewie cnosa:

CN1a8bl penust, MOIUOOeH, MOHKUe
HOKPbIMUSL, INEKMPOXUMULECKOE
ocadicoenue, OUHAPHble CNIABbI,
NIOMHOCMb MOKA

1. Beenenue

M3BecTHO, YTO CIjaBbl Ha OCHOBE TYTOIUIABKMX METAJUIOB SIBJISIOTCS TEPCIEKTUBHBIMU
KaHIUIAaTaMHA IS WCIOJB30BAHUS B CBEPXBBICOKOTEMIIEPATYpPHBIX NPUJIIOKEHUSAX H3-3a UX
Ype3BbIUAiHO BBICOKMX TEMIIEPATYp IJIABJICHUS U UCKIIIOYMTEIbHBIX MEXaHMUECKUX CBOMCTB [1].

[TosTOMy B CBSI3W C DPSJIOM TIOJIE3HBIX W TEPCIEKTUBHBIX CBOMCTB CILIABOB TYTOIUIABKHX
METAJUIOB BO3HHMKAeT HayyHbIH HMHTEpec K HccieloBaHUAM B 3Tod obmactu. CoueraHue
YHHUKAITBHBIX (PU3UKO-XMMUYECKUX CBONCTB PEHHS JeNaeT ATOT METal TEePCHEKTHBHBIM IS
UCTOJb30BaHUS B TaKUX BBICOKOTEXHOJOTHMYHBIX OTpacisX, Kak aBHalUs, paKeTHOe
JBUTATENIECTPOCHUE, aTOMHAs DJHEPreTHKa, OJIIEKTPOHWKA, OHOMEJWIIMHA W TeTepOTCeHHBIC
KaTajn3aropsi [2-6]

[TockonbKy M MONTHOACH, M PEHHUH SBIISIOTCS TYTOTUIABKUMHU METalIaMH, CMEIIMBaHUE ITUX
JBYX DJEMEHTOB B BHJE CIUIaBOB II03BOJIAET JOOUTHCS JBOWHOIO IPEUMYIIECTBA Kak
BBICOKOTEMIIEPATYPHBIX (PU3MUECKIX CBOWCTB PEHUS, TaK U MTPEBOCXOIHBIX MEXaHHMYECKIX CBOWCTB
MOJIO/IeHA; TAKUM 00pa3oM, O0IIKe XapaKTEPUCTUKH CIIJIaBa 3HAYUTEIHHO YIyULIaroTCS.

Penunii wumMeer camyro BBICOKYIO TeMIileparypy IuiaBieHus (3185 0C) Cpeau AparolneHHbIX
METAJUIOB W BTOPYIO IO BEJIMYMHE TEMIepaTypy IUJIaBIE€HUS CpPEeaud BCEX MeETaJUIMYECKHX
AJIEMEHTOB, yCTYyIas TOJIbKO BoJb(pamy (3422 OC), YTO JIeNIae€T €r0 MUCKIIOYNUTEIHLHBIM METaIoM
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JUIs UCHOJb30BAaHUS B MPUIIOKEHHUSAX C BBICOKMM COIPOTHUBIEHHEM, TAKMX KaK MPOU3BOACTBO
TepMoIiap, HarpeBaTeIbHBIX YCTPOUCTB U JIONATOK PEaKTUBHBIX TypOuH [7].

[Tpu nerupoBaHuu APYrUMH MeTaulaMd Mo MOXKET IpUAaBaTh 00pa3ylOMEeMycs MOKPBITHIO
pasnuuHble cBoiicTBa. Kak u3BecTHO, MONMOAEH SBISIETCA TYTOIJIAaBKUM METAJUIOM C HU3KOU
IJIACTUYHOCTHIO. J[00aBieHue peiko3eMeIbHOTO AeMeHTa peHust (8-47%) 3HaYuTENBHO MOBBIIIACT
IUIACTUYHOCTh M TIO3BOJISIET CO37aBaTh CIUIaBbl C TAaKUMHU CBOMCTBAMHU, KaK TYTOIUIABKOCTbD,
KapOIPOYHOCTh, BHICOKAsI KOPPO3HUOHHASI CTOMKOCTh, HAJTMYUE XOPOLIEH 3IEKTPOABIKYILENH CUIIbI
[8-9].

CrutaB  MonmuOIeH-peHMid — OJHa U3 NEepeloBBIX  pa3pabOTOK  METauTypruyecKon
MIPOMBIIIJICHHOCTH, KOTOpas ObL1a MpelcTaBieHa MHUPY COBCEM HenaBHO. braromaps Hanuuuio B
CIUIaBE PEHUsl MOJIMOJEH CTAHOBUTCA IUIACTUYHBIM. JTO B CBOIO OUYEPEb I103BOJISET UCIIOIb30BaTh
€ro i MOJY4YEeHUs CILIaBOB, HA/IEJICHHBIX TAKUMH YHUKAJIbHBIMH Ka4eCTBAMHU, KaK: CTOMKOCTH K
BBICOKHM TEMIIEPATYPAM; KOPpPO3UOHHAs CTOMKOCTB; TYTOIIaBKOCTb. IToaTomy
ANEKTPOXUMUYECKOE MOJyYeHHE CIUIABOB C 3alaHHBIMU CBOMCTBAMHU SIBISIETCS aKTyaJbHBIM U
MMeeT CyIIECTBEHHBIN HHTEpEC B OyIyIIeM.

Panee Hamu OBIJIO M3Yy4EHO COBMECTHOE IJIEKTPOOCAXKACHHUE PEHUS, PEHUS U MOJHOJeHa U3
Cynb(paTHBIX 3JEKTPOIUTOB Ha Pt-anmextpome [10-14]. B paGore Oosiee moapoOHO H3YYEHO
ANEKTPOOCAKICHUE MOJINO/IeHA U3 BHIOPAHHOTO AJIEKTPOJINTA, 3HAHUE KOTOPBIX MMOMOXKET BHIOPATh
ONTUMAJIbHBIE YCIIOBUS COBMECTHOIO OCAKICHHS MOJIMOJEHA C pEHHEM. AHalIU3 pe3ysIbTaToB
U3MEpEHUl  KaTOAHBIX W  AHOAHBIX  MOJSIPU3ALMOHHBIX  KPUBBIX TPH  COBMECTHOM
AIIEKTPOOCAXKICHUN PEHHUS C MOJHMOJCHOM ITOKAa3bIBAET, YTO MPOIECC COBMECTHOTO OCAKIACHUS
COIIPOBOXKAAETCS JIEMOJIAPU3aIUeii, UTO JOKa3bIBaeT 00pa30BaHME XMMHUYECKOTO COCIMHEHUS WIIU
TBEPAOIO pacTBOpa Ha OCHOBE 3THUX COEIMHEHUN W ONpEeNeseHbl 00JacTh MOTEHIHMAIOB, IpU
KOTOPBIX Ha KaToJie 00pa3yroTcs CTeXuoMeTpuueckue coequuenus [15,16].

Ha ocHOBaHMU »SKCIIEpUMEHTAJIbHBIX JAHHBIX pa3paboTaHbl ONTHMAJbHBIM  COCTaB
ANEKTPOJIUTA W PEKUM DIEKTPOJIU3a [UIsi TOJYyYEHHUS KAuyeCTBEHHBIX MOJIYNPOBOJIHUKOBBIX
MOKPBITUH MOHOICHA C PEHUEM U3 CYIb(ATHOTO JIEKTPOIIUTA.

Llenbto naHHOW pabOTHI SBISIETCA DIEKTPOXUMHUYECKHI CHHTE3 HOBBIX HAaHOMAaTEpPHAJOB Ha
OCHOBE cIlIaBOB Re-Mo Ha pa3snuuHBIX MOUIOKKAX M U3Y4YEHHE BIUSHUS Pa3IUYHbIX (PAKTOPOB,
TaKMX KaK CoJiep>KaHue KOMIOHEHTOB B AJIEKTPOJIUTE, TUIOTHOCTh TOKA, TeMIIepaTypa, KUCIOTHOCTh
pPacTBOPOB U T. /. HA COCTaB U Ka4E€CTBO MOKPBITHA.

2.JKcnepuMeHTAJIbHAS YacTh

Jlnist mpoBeieH!s! SKCIIEPUMEHTOB ObLIa UCTIOIb30BaHa TPEXAIEKTPOAHAS AMEKTPOXHMUIECKAT
siuelika, KOTopasi cojiepraina pabouuit 3JeKTpo/] ¢ Ioiaabio mosepxHoctu 0.07 cM”, TIIaTUHOBBIN
BCIIOMOTATENBHBIA  BJIEKTPOA M XJIOpCEpeOpsSHBIH 3JIEKTpO] CpaBHEHHMS. Bce 3HadeHus
MOTEHIIMAJIOB IPHUBENEHbl OTHOCUTENIBHO 3TOro 3JjieKTpoja. Paboune >31eKTpojpl MpOMBIBAIU
cnupToM M BOJOH. CHATHE BOJBTAMIIEPHBIX KPHMBBIX OCYLIECTBISUIM 0€3 MepeMellnBaHus
anetkponuta. VccnenoBaHus CTPYKTypbl M cOcTaBa IUIEHOK MPOBOJMIM Ha TPEX PazIUYHbIX
nojuioxkkax - Pt, Ni. PaGouass Temmeparypa mpu 3JeKTpoocakJeHHH cocTasisia 75°C, Bpems
OCaXJIeHUS BapbHpoBaioch B uHTepBaje ot 30 g0 60 muH. [Tocne ocaxkaenust oOpa3ibl TPOMBIBATIN
JUCTWJUIMPOBaHHOW  BojoW. MccnemoBaHue NpPOBOAWIM M3  CEPHOKUCIOIO  DJIEKTPOJIMTA,
COJIEp’KaIler0 CEpHYI0 KHUCIOTY, MeppeHaT Kaiug M Monubaar Hatpus. KuHETHKy mHpoleccos
KOHTPOJIMPOBAIM C IOMOIIBIO LUKIMYECKOW BoibTamnepoMeTpuu Ha npubope IVIUMSTAT.
PeHTreHoCTpyKTYpHBIM aHanu3 IUIEHOK INpoBoawica Ha ycranoBke JIPOH-5 ¢ momompro CuKo-
n3nydenus. Jlnsd aHanu3a KaTOAHBIM OCaZOK pPacTBOPSAJIM HArpeBaHUEM B KOHLEHTPHUPOBAHHOMN
HNO;. KommuectBo peHuss W MoOMMOIEHA OMPEACISUI TaKXKe pa3feldbHO C THOMOYEBHHHBIM
KOMILIEKCOM CHeKTpodoToMeTpruideckuM MetoaoM Ha mpudbope SPECORD 50 PLUS.
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3.Pe3yabTarsl u 06Cy:KIeHHE

C nenbio BBISICHEHUS XapaKTepa 3aBUCUMOCTH MEKAY COCTaBOM JIEKTPOIUTHYECKOTO CIUIaBa
pEeHUI-MONKMOACH ¥ HEKOTOPBHIMH (DakTOpaMu, BIMSIONIMMU Ha AJIEKTPOJIU3, M3YYCHO BIIMSHHE
pPa3IUUHBIX (AKTOPOB (KOHIEHTPAIMHM KOMIIOHEHTOB, KOMILJIEKCOOOpa30BaTes, MIOTHOCTH TOKa,
TeMIeparypsl, PH) Ha coCTaB U KauecTBO CIIJIaBOB.

BersacHuock, 94To 3TH (aKTOpHI MMO-Pa3HOMY BIMSIOT HAa COCTaB M Ka4eCTBO CIUIaBa. Takum
0o0pa3oM, Ha OCHOBAaHWM IPOBEICHHBIX HCCICIOBaHHMI TOMO0OpaHbl ONTUMAIBHBIC YCIOBHS IS
COBMECTHOT'O OCKIACHHS MOJIHO/ICHA C PEHUEM U HEOOXOIMMBIH COCTaB EKTPOIIHTA.

B cooTBeTCTBHY C MOSYYCHHBIM JaHHBIMH YCTAHOBIICHO, YTO OOJIBIIOE BIMSHUE HA COCTaB U
Ka4yecTBO cIiutaBoB Re—MO okasbiBaer Temmeparypa. C MOBBILICHHEM TEMIIEPATyphl COJEpIKaHUE
pCHUS B CIUIaBE yBEIMYHMBAeTCsA. BennynHa MpeAeibHOro TOKa TaKKe BO3PACTaeT, YTO BEPOSTHO
cBs13aHO ¢ AU((Y3MOHHBIMH U3MEHEHUSIMU B NPHKATOTHOM ciioe. KauecTBeHHBIE OCAJKH B BUJIE
TOHKHX IUICHOK TONydatotcs mpu temneparype 75-80 °C, a npu 25-45°C Ha katone moxydaroTcs
pBIXJIbIE Ocaaku cruiaBa Re-Mo.

S0

)
[=]

Coaepxanse pesns B crage %o
wn
(=]

30
0 20 a0 60 80
TOC
Pucynox 1. 3asucumocms cocmag cniaga om memnepamypul  3J1eKmpoaume npu pasiuiHvlx

nromuocmsax moka mA/cm2: 1-10; 2-15; 3-20. Cocmas snexmporuma (monw/n):
1,5:10-3 Na2MoO4 + 3,5-10-3 KReO4+2,0 H2SOA4.

Ha pucynke | npencrasiieHa 3aBUCHMOCTB COCTaBa CIiaBa OT Temneparypsl. Kak BuaHO u3
PHUCYHKa, TP U3MEHEHUH TeMIIepaTypsl AiekTposnnTta ot 20 1o 90 oc, COZIepKaHUE PEHUS B CILIABE
yBenuuuBaercss oT 50 no 80%. IlmoTHble, paBHOMEpHBIE, MEIKOKPUCTAJUIMYECKUE TMOKPBITUS, C
XOpOLIEH aAre3ue K IOBEPXHOCTH, IMONY4YalOTCAd IpU TeMIlepaType 75°C. Jansaenmiee
yBeIU4YeHUEe Temneparypsl 10 90 °c anB30)1m K paspmxneng ocaakos. [Ipu temnepatype 75°C

U3 DIEKTPOIUTa cocTaBa (Momb/m): 1,5-10 NazMoO4 + 3,510 KReO4+2,0 HZSO4, IIpY 3HAYCHUU

i = 15 MA/cM? Ha IIATHHOBOM JIEKTPOJIE 0Gpa3yeTcs MOKpHITHE MonnOneHa-perns (23% Mo u
77% Re), coctaB koToporo coorBercTByeT MOigRe27. XUMHUECKUM U PEHTI€HOCTPYKTYPHBIM
aHAJIM30M YCTAHOBJICHO, YTO ATH MOKPHITUS OJHO(A3HbIe, KPUCTAUTUIECKAE  COOTBETCTBYIOT II0
cocraBy coefnHeHn0 MoyRes.

Ha ocHOBaHWM MONydE€HHBIX SKCIEPUMEHTAIBHBIX TaHHBIX, MOKHO CJeNaTh BBIBOJ, UTO
HanGosIee ONMTHMAIBHAS TEMIIEpaTypa JUIsl POBEICHHs dIIeKTpoimsa cocrasuser 75 °C. A mpu
Ooyiee BBICOKHMX TEMIIEpaTypax W IUIOTHOCTSX TOKA, MPOIECC 3aTPYAHSETCS, XOTsS M MPHUBOAHUT K
HEKOTOPOMY IOBBIIIIEHHUIO BBIX0/1a METaa.

CornacHo TOJTYYEHHOW 3aBUCHMOCTH TIPE/ICTABICHHOW Ha PUCYHKE | colepkaHue peHHs B
CIUIaBE MM 3HAYCHHH IUIOTHOCTH Toka 10 MA/cM® Memsiercs B muTepBane 55-70 %, a mpu 20
MA/cM? HaXOIHUTCS B npenenax 68-80 %.

18



Canaxoea D.A., Tazues JI.B., Anuzaoe U.D. | Scientific News 25 Issue 1(2025)

Taxke mMoka3aHO, YTO COCTaB M KAYECTBO MOTYYaCMbIX MOKPHITHA 3HAYUTEIHHO 3aBUCST OT
IJIOTHOCTH TOKa (puc 2)
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Pucynox 2. 3asucumocms niomHOCmY MOKA OM COOEPICAHUSL PeHUsL NPU PA3TUYHBIX KOHYEHMPAYUSIX
penus:(moav/n): Cocmag snekmpoauma moav/n: 1 -1,5-10° Na,MoO, + 3,0-10° KReO, +2,0 H,SO, 2. -
1,5-10° Na;MoO,+ 3,5:10° KReO, +2,0 H,SO4; 3 -1,5-10° Na,MoO,+ 4,0-10° KReO, +2,0 H,SO4;

[ToBbIllIEHNE MIOTHOCTH TOKA CIIOCOOCTBYET MOJMYUEHUIO HA KATOJE MEITKOKPUCTAIUTMUECKUX
KOMITAaKTHBIX U PAaBHOMEPHBIX MOKPBITHH, TOCKOJIBKY 00pa30BaHNUE KPUCTALTUYCCKUX 3apOIbIIICH
IpoTeKaeT 60jee MHTEHCHUBHO HE TOJBKO HA BBICTYIAX, HO U HA TPaHIX KPUCTAILJIOB.

Kak mpaBmimo, ¢ pocToM IUIOTHOCTH TOKa YBeIMYMBaeTCs Kak auddy3noHHBIC
MIepEeHAIPSKeHUsI, TaK U TepeHanpspKeHus paspsaa. Kpome Toro, moBbllIeHHE IUIOTHOCTH TOKa
MPUBOJIUT K OOCIHEHUIO MPUKATOAHOTO TPOCTPAHCTBA Pa3psHKAOIIMMCS MOHAMH, YTO, B CBOIO
ouepenb  MNPUBOAUT K  YBEJIMYEHHUIO  MONSAPHU3ALUHU,  CIOCOOCTBYS  (DOPMUPOBAHHIO
MEJIKOKPUCTATUIECKON CTPYKTYPHI.

C napyroil cTOopoHBI, OeCHpeNeNbHO YBEIMYMBATH IUIOTHOCTH TOKA HE PEKOMEHIYeTCs,
MOCKOJIBKY B 3aBUCHIMOCTH OT COCTaBa JIEKTPOJIUTA CYIIECTBYET ONTHUMAIIbHAsI 00JIaCTh OCaXICHUS
KaueCTBEHHBIX KATOJHBIX OCAIKOB

[Tpu wmccnemoBaHUM BIUSHUS TUIOTHOCTH TOKA, MPEACTABICHHOW HAa PUCYHKE 2 BUIHO, YTO
MpH KOHIEHTpPAIlMU TeppeHaTa 3,0-10° Moub/l TPOLEHTHOE COfEpKAHHE PEHHS B KATOAHOM
ocaJIke HaxXOoAuTCsi B HHTepBasie 55-75 %, a mpu 3HAYCHUH 4,0-10° Monb/1 JaHHOE 3HAUYCHHE
HaxoJUTCcs B MHTepBaie 65-85 %.

Ha cocraB m KadecTBO KaTOIHBIX OCAIKOB PEHUI-MONMOAEH CYIIECTBEHHOE BIUSHHE
OKa3bIBaeT W KOHIIGHTpAIMs PEHUS B OJJIEKTPOJMUTE. YCTAHOBJICHO, YTO C YBEIMYEHUEM
KOHIICHTPALMU COJIEpP)KAaHHE DPEHHUS B CIUIABE YBEIMYMBACTCS M Ka4eCTBO KATOIHBIX OCAJIKOB
ynyumaercs. Ha pucyHke 3 mpeacraBieHa 3aBHCHUMOCTh COCTaBa KaTOJHOTO Ocajika oOT
KOHIICHTPAIMU PEHUS B JJICKTPOJHUTE. XOPOIIEro KadecTBa, MEIKOKPUCTALTUICCKUE IMTOKPBITHS
MOJIYYaroT MPU TEMIIEPATYpE 75°C u3 ANEKTPOJIUTA COCTaBa (MOJIb/M): 1,5-10° Na;MoO, + 3,5-107
KReO, + 2,0 HSOy, ipu i = 15 MA/cM? Ha IIATHHOBOM AJIEKTPO/IE.

[Tpu uccnenoBaHuy BIUSHUS KOHIICHTPALIMU PEHUS HAa KaTOAHBIM 0CAIOK, MPEICTaBICHHON Ha
pHCYHKE 3 3aMETHO, YTO MPH 3HAYCHHUHU IIOTHOCTH TOKa ik=10 MA/cM? COJIEpKaHNE PEHHUS B CIUJIABE
cocrasisier 72-77 %, a npu ix = 20 MA/cM? TaHHOE 3HAYCHIE MEHSCTCS B npezaenax 78-82 %.

CocTaB KaTOTHOTO OCaJKa PEHHI-MOJHOICH TaKKe CHJIBHO 3aBHCHUT OT KOHIIEHTpAIHH
KHCTOTHI B anektponute. Konnentpanus H,SO, oka3piBaeT MpOTUBOIIOIOKHOE BIUSHUE HA COCTaB
KaTomHBIX ocankoB. C yBenmuueHueMm koHmeHtpannu H,SO, yMeHbIIaercs copepikaHue peHHs B
CILIaBe.
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Pucynok 3. 3asucumocms cocmasa cnnasa Re-Mo om konyenmpayuu penusi npu pasiuyHslx
niomuocmsix moka (mA/em®): 1 —10; 2 — 15; 3 — 20. Cocmas INEKMPOAUMA (MOTL/TL):
1,5-10° NayMoO, + 2,0 H,S0,; T=75°C
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Pucynok 4. 3asucumocms cocmas cnuasa Re-Mo om xonyenmpayuu H,;SO4 6 a1exmponume
npu paznuunbix niomuocmsx moka (MA/em®): 1 - 15, 2 — 20.
Cocmas snexkmpoauma (monv/n): 1,5-1 0° Na,MoO, + 3,5-10° KReO,,

Ha pucynke 4 mpejacraBieHa 3aBHCHMOCTb COCTaBa KaTOJHOTO OCajJka OT KOHLEHTpalUuu
KHUCIIOTHI B AsiekTposinte. C yBelIMYeHHEeM KOHILIEHTpaK KUCIoThl oT 0,5 10 2 MOJIb/I cosiepikaHne
peHHs B CIUIaBE YBEJIMYMBAETCS, a MPH M3MEHEHUM KOHIEHTpAMM KHUCIOTHI BBIIIE 3 MOJIB/JI
coJiep)KaHue PEHHsI B CIUIaBE YMeHbIIaeTcs. [Ipu KOHIEHTpaIK KUCIOTHl 2 MOJIB/JT Ha KaToJe W3
AJIEKTPOJIMTA CJEIYIOLIET0 COCTaBa MOJy4yaroTcs OJecTAlIe METKOKPUCTAIMYECKUE MOKPBITUS
TommmHoi 10 MK ¢ xopormei aaresueii: 1,5-10° Na;MoO, + 3,5:10° KRe04+2,0 H,SO04, npu
IUIOTHOCTH TOKa ik = 15 MA/cM.

[Ipn kucnotHoctu 1,5 MONB/ W3 AJIEKTPOJIMTA BBHIMICIPUBEACHHOIO COCTaBa Ha KaToje
MOJTyYeHbI IIafKue MOKpbITUa Re-MO TonmmHoil 8§ MK ¢ CHHUMH OKCHJIaMU PeHMs Ha HEKOTOPBIX
Kpasix 3JeKTPOAOB IpPU IUIOTHOCTU TOKA 1x = 15 MA/cM? 1 TeMIIepaType 75°C. A IIPU YBEJIMYEHUU
KOHIIGHTPALMU BbIIIE 3 MOJIb/JT Ha KaToie oOpa3yloTcsi 0ojiee MpOUYHBIE KOMILJIEKCHI, KOTOpBIE
HAYMHAIOT pa3psDKaThCs MU 0oJiee OTPHUIATEIBHBIX MOTEHIMATAX M COJEP)KAaHUE PEHHUS B CIUIABE
YMEHBIIIAETCS.
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B pabote Takxke paccCMOTPEHO BIHMSHHE MPOAODKHTEIHHOCTH OCAKACHUS MPU Pa3IUUYHBIX
IUIOTHOCTSIX TOKa U pH 3JIeKTpOIMTOB Ha CBOWCTBA CILJIaBa PEHUI-MOIMOAEH. Y CTaHOBIIEHO, UTO C
YBEIIMYEHUEM BPEMEHH OCAXKACHUS CIUIaBAa PEHUI-MONMOAEH U3 CylIb(paTHOro 3jieKkTpoiuTa, pH
KoTOporo cocrassier 0,4, a KATOXHbIE VIOTHOCTH TOKA COCTABISIOT 5 1 25 MA/CM?, COCTaB CILIaBa
M3MEHSETCA HE3HAYUTEIbHO (OTHOCUTENIFHOE COJIepKaHNe MOIUOIeHA B TIOKPHITHH U3MEHSIETCS HEe
6oree yem Ha 10%, mpu pa3HuUIle BO BpEMEHH JEKTPOOCaKIeHUS 50 MUHYT.

B mporecce aneKkTpoocaxaeHusl CriaBa MOJIHOAEHA-peHHsl M3 Cylb(aTHBIX pPacTBOPOB B
rajlbBAHOCTATUYECKUX YCIIOBHUSX, OCAXJEHUE PEHUS MPOUCXOAMUT MPEUMYILECTBEHHO MPU MaJbIX
3HAQYECHMX IUIOTHOCTH TOKa. IlomyyeHHbI ocagok umeeT 4depHbld LBeT. 1o Mmepe yBennueHus
IUIOTHOCTU TOKa HaOJIOfaeTcs ocaxaeHHe MojubOjaeHa (0CaJoK YEpHO-CHMHEro IBera). A mpu
CpeHUX 3HAYCHHSX TUIOTHOCTH TOKa HaOmromaercs ocaxaeHue Re-Mo (TeMHO-CHHMIA 0CaoK).
Takum 00pa3oM, H3 BBIIICU3JIOKEHHOTO CJIEAYeT, 4YTO IPU COOCAXKACHUM JBYX METAJJIOB
HE00XO0AMMO MPABUIILHO MOA0OPATH MIIOTHOCTH TOKA.

Tax, ecnu mpOBOAUTH MPOLECC AIEKTPOJIM3A MPU MANIBIX IUIOTHOCTAX TOKA, TO KOJIHYECTBO
pPEHUS B OCaXXJJa€MOM HOKPBITUU OyJEeT BBICOKMM. A IpPH BBICOKUX 3HAYEHMSIX IUIOTHOCTU TOKA,
Hao0OpOT, cojep)kaHue MonuOaeHa B cruiaBe OyneT BbicOKUM. [loaToMy, mpuHHMas 3HauYeHUs
KOHIICHTPALlMi KOMIIOHEHTOB B COOTHOLICHWH |:2, HEOOXOOMMO BBIOpATh CpPEJHUE IUIOTHOCTU
Toka. B pesynprate, ocaxnenue cruiaBoB Re-Mo Beicokoro kauecTBa U3 Cynb(aTHBIX
ANIEKTPOJIMTOB BO3MOXKHO IPH CPEIHUX 3HAYCHHSX IUIOTHOCTH TOKa B HMHTepBaie I, = 10+20
MA/cM? 1 Temmeparype 75 oC,

Takum o00pa3oM Ha OCHOBE MHOTOYHCICHHBIX OSKCIEPUMEHTOB HAMH NPEIJIOKEHBI

OINITUMAJIBHBIC YCJIOBUA JIA IMOJNYUYCHHS TOHKHX IIJICHOK Re-Mo MCTOJAOM JJICKTPOOCAKIACHHA:
-3 -3

COCTaB JJICKTPOJIMTA, PEKUM IIeKTposm3za (Moib/n): 1,5-10 Na2M004, 3,510 KReO4, 1,5-3
HZSO4, ik=5-25 MA/CMZ, IPOJIOJDKUTEIBHOCTD dj1eKTpoau3a — 30-60 muH, t — 75° C, katon — Pt, Ni,

anon- Pt.

4.BpIBOALI

1. YcTaHOBIIEHO, YTO BHICOKOKAYECTBEHHBIC OCAIKU B BUJIC TOHKUX IUICHOK MOJIYYarOTCs TIPU
temmeparype 75-80°C, a mpu 25-45°C Ha katoze 06pasyroTCs phIXIIble 0canky ciurasa Re-Mo.

2. HWccnenoBaHue mporecca 3JICKTPOIUTHUYECKOTO OCakKACHUs Re-Mo moka3biBaeT, uTO
COCTaB M KA4eCTBO IMOJIy4aeMbIX MOKPBITHH B OCHOBHOM 3aBHCSAT OT IUIOTHOCTH TOKa. [TokaszaHo,
4TO C POCTOM IUIOTHOCTH TOKAa OT 5 MA/cM? 10 25 MA/cM? KONMYECTBO DEHHSI B CILIABE
yBenuuuBaercs ot 50% 10 80%.

3. BBIICHWJIOCH, 4YTO COCTaB KAaTOJHOTO OCAJKa PEHUI-MOIMOICH TakkKe 3aBUCHT OT
KOHIICHTPAIlMU KUCIOTHI B 3nekTposute. Konnenrpanus H;SO, oka3piBaeT MPOTHBOIOJIOKHOE
BJIMSIHME Ha COCTaB KaTOJHBIX ocankoB. C yBenuuenuem Kounentparuu H,SOy4 comepxanne peHus
B CIVIAaBE YMEHbBIIACTCS.

5. Ha ocHOBaHWU SKCTIEPUMEHTANIBHBIX JTAHHBIX JIJISl TTOJYYSHHUS! TOHKUX TOKPBITUNA geHI/m i
-3 R
MONIMOIeHa PEKOMEHIyeTCs CIENYIONINi cocTaB aaekTpoiuTa: 1,5-10 NazMoO4, 3,510 KReO4,

1,5-3H,80,, ik=5-25 MA/cm?, t — 75° C.
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Xiilasa
Re—Mo sisteminda nano ortiiklarin tarkib va keyfiyyoatina miixtalif amillorin tasirinin 6yranilmasi
Salahova E.A., Olizads Y.E., Tagiyev D.B.

Acar sozlar: renium arintilari, molibden, nazik ortiiklar elektrokimyavi ¢okdiirma, ikili arinti, carayan sixligi

Bu is Pt-elektrodu {izerinds sulfat elektrolitlorindon perrenat vo molibdat ionlarinin birgs elektroreduksiyasi
zamani voltamper asililiglarinin  Syronilmosine hasr edilmisdir. Miixtalif amillorin, mosolon, elektrolitdoki
komponentlarin torkibi, coroyan sixligt, temperatur, mohlullarin tursulugu vo s.-nin ortiiklorin torkib va keyfiyyotinoe
tasiri Oyronilmisdir. Kimyavi va rentgen siialarinin difraksiya analizi asasinda miisyysn edilmisdir ki, elektrokimyavi
yolla ¢okdiiriilmiis Ortiiklor Mo gRez; (Mo 23% Re 77%) torkibo malikdir, bu iso Mo,Re; kimyovi birlogsmosine
yaxindir. Gostorilmisdir ki, elektrolizin 75°C temperaturda aparilmasi daha mogsodouygundur. Malum olmusdur ki,
prosesin daha yiiksok temperaturda vo coroyan sixliginda aparilmasi metala goro ¢iximin bir godor artmasina gatirib
¢ixarir, lakin prosesi ¢atinlogdirir. Tocriibo molumatlarina osason miioyyan edilmisdir ki, torkibindo 35-80% Re olan
renium-molibden yarimkegirici arintilori almaq tigiin asagidaki elektrolit torkibi (mol/l) tovsiys olunur: Elektrolit torkibi
(mol/l) 1,510 Na,MoO, + 3,5:10° KReO,+2,0 H,SO,; pH=0,4; V=0,005 Vs; t=75°C, elektrod — Pt.

22


https://iopscience.iop.org/journal/1945-7111
https://iopscience.iop.org/volume/1945-7111/96
https://iopscience.iop.org/issue/1945-7111/96/1
https://www.researchgate.net/journal/0257-8972_Surface_and_Coatings_Technology
https://inis.iaea.org/search/search.aspx?orig_q=author:%22Syed,%20R.%22
https://inis.iaea.org/search/search.aspx?orig_q=author:%22Ghosh,%20S.K.%22
https://inis.iaea.org/search/search.aspx?orig_q=author:%22Kain,%20V.%22
https://inis.iaea.org/search/search.aspx?orig_q=author:%22Tripathi,%20R.P.%22

Canaxoea D.A., Tazues JI.B., Anuzaoe U.D. | Scientific News 25 Issue 1(2025)

Summary
Study of the influence of various factors on the composition and quality of nanocoatings in the re—-mo system
Salakhova E.A., Alizade Y.E., Tagiev D.B.

Keywords: rhenium alloys, molybdenum, thin coatings, electrochemical deposition, binary alloys, current

density.

This work is devoted to the study of current-voltage dependencies during the joint electroreduction of perrhenate
and molybdate ions from sulfate electrolytes on a Pt electrode. The influence of various factors, such as the content of
components in the electrolyte, current density, temperature, acidity of solutions, etc., on the composition and quality of
coatings was studied. On the basis of chemical and X-ray diffraction analysis it was established that the
electrodeposited coatings have the composition Mo, gRe, ; (Mo 23% Re 77%), which is close to the chemical compound
MoyRes. It was shown that it is most expedient to carry out electrolysis at a temperature of 75°C. It was found that
carrying out the process at higher temperatures and current densities leads to some increase in the current efficiency of
the metal, but complicates the process. Based on the experimental data, it was established that the following electrolyte
composition (mol/l) is recommended for obtaining rhenium-molybdenum semiconductor alloys containing 35-80% Re:
Electrolyte composition (mol/l): 1,5:10% Na,MoO, + 3,5:10° KReO,+2,0 H,SO,; pH=0.4; V=0.005 Vs™; t=75°C,
electrode — Pt.
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energies of formation

1. Introduction

Alunite is a mineral with the formula K(Na)Al;(SO,).(OH)s. Na, K, Ca aluminosilicates; are
aluminum-rich compounds of silicon 4-oxide and belong to the group of rock-forming minerals. To
develop the aluminum industry, it is necessary to expand research on the processing of alunite,
nepheline and other aluminum-containing ores. The Zaglyg alunite ore deposit in Azerbaijan is a
complex raw material for obtaining alum, alumina, aluminum sulfate, sulfuric acid, potassium
fertilizers and aluminum oxide [1-7].

Alunites are a source of raw materials for aluminum hydroxide and aluminum oxide, which
are important for aluminum production. Potassium and sodium sulfates and ammonium sulfates are
also obtained from alunite, and ammonium cuprates are obtained by treating with ammonia. Some
types of feldspars are used as jewelry and semi-precious stones, as well as in the ceramic and glass
industries for the production of porcelain, high-voltage insulators, radioceramic products, special
and optical types of glass, abrasives, welding electrodes, and other materials. The thermodynamic
parameters of alunite and feldspars are of great importance for the development of their technology.
Although there is extensive information on their thermodynamic parameters in databases, there is a
discrepancy between the values of some thermodynamic parameters, such as Gibbs energy,
enthalpy, and entropy, in different sources. Analysis of the literature [ 8-10] of the thermodynamic
parameters of alunite and aluminosilicates shows that their Gibbs energy of formation, enthalpy and
entropy are determined as the sum of the thermodynamic parameters of the compounds included in
their composition, and their mutual influence is not taken into account. At the same time,
calculations of thermodynamic functions of formation of multicomponents based on
thermodynamic parameters of their components are known [ 11-13 ].
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The aim of the work is to clarify the thermodynamic parameters of sodium and potassium
alunites and Na, K, Ca aluminosilicates using calorimetric data and calculation methods.

2. Experimental part

A derivatographic analysis of alunite ore from the Zaglik deposit was carried out using a
device NETZSCH Jupiter STA 449F3. Fig. 1 shows a derivatogram of alunite ore from the Zaglik
deposit in Azerbaijan [15], consisting of 48% alunite, 39% silicon oxide, 4% hematite, 8% kaolinite
and 1% other, taken for research. On the DTA curve of the derivatogram (Fig.1) of the alunite rock,
two endoeffects characteristic of alunite are noted, associated with the loss of constitutional water in
the temperature range of 445-592 C and the desulfurization of three molecules of SOs, sulfur
associated with aluminum oxide, in the temperature range of 726-857 C. Sodium and potassium
sulfates do not dissociate at these temperatures.

Fig. 1. Derivative diagram of alunite
ore samples from the Zaglik deposit in
Azerbaijan [15].

Fig. 2. Zones of endoeffect of
desulphurization associated with
sulphates, for samples containing
10,20,30,40, 48% of mass content of
alunite in the rock, obtained on a
derivatograph with a speed range of
10 k/min.
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Fig. 2 shows the DTA curves of standard samples containing 10, 20, 30, 40, and 48% alunite
and marked the areas of their endoeffects, the value of which was determined by the NETZSCH
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Proteus Thermal Analysis derivatograph software. According to a certain area of endoeffects
obtained when the derivatograph was operated in the range mode of 10 k/min Fig. 2.
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Fig.3. Zones of endoeffect of desulphurization associated with sulphates, for samples containing
10,20,30,40, 48% of mass content of alunite in the rock, obtained on a derivatograph
with a speed range of 30 k/min.

3730 uHy1000 [N

Fig. 3, and the corresponding percentage of alunite for samples containing 10,20,30,40, 48%
alunite in the rock obtained on a derivatograph with a range of 30k/min. To determine the content of
alunite in the sample, it is necessary to carry out a derivatographic analysis, determine on the DTA
curve, the area of the endoeffect of the loss of sulfur bound.

Based on the values of the area of endothermic effects in Fig. 1-3, using the method described
in [14], their values were calculated in J/gr, then in J/mol.

3. Calculation of thermodynamic parameters of alunite and Na, K aluminosilicates
3.1. Sodium NaAl3(S04)2(OH)s and potassium KAI3(SO,)2(OH)e alunites
The formation of the NaAl3(SO4)2(OH)s compound can be expressed by the following
reaction:
0.5Na;SO4+ 0.5AI15(SO4)3+ 2AI(OH); —NaAl3(SO4)2(OH)g 1)
The enthalpy of formation of sodium alunite can be calculated as the sum of the standard
enthalpies of formation of sodium sulfate, aluminum sulfate, and aluminum hydroxide:
AHSQS [NaAl3(S04)2(OH)e], kd/mol = O.SAHggg [Na;SO4]+
0.5AHY5 [Alx(SO4)3]+2AH g [AI(OH)s] = 0.5(-1390 kJ/mol)+
0.5(-3442)+2(-1276)= -4967 kJ/mol (2)
By calorimetric method [9] AH2eg [NaAl3(SO4)2(OH)s]  was obtained as -5132 kJ/mol.
Comparison of these quantities with the quantity -4967 kJ/mol calculated by additive method using
equation (2) shows that the heat effect of reaction (1) is 5129.5-(-4967)=-162.5 kJ/mol.
The formation of the compound KAI3(SO,)2(OH)s can be expressed by the following reaction:
0.5K,S04+ 0.5Al5(SO4)3+ 2AI(OH)3 — KAI3(SO4)2(0OH)g (3)
The enthalpy of formation of potassium alunite was calculated as the sum of the standard
enthalpies of formation of potassium sulfate, aluminum sulfate, and aluminum hydroxide.:
AHSQS [KAI3(SO4)2(OH)g], kd/mol = 0.5AH398 [K2804]+0.5AH398 [Alx(SO,)s]+
2AHY6 [AI(OH)3] = 0.5(-1439 ki/mol)+0.5(-3442)+2(-1276)=-4992 kJ/mol 4)
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Based on [9] and [8], the calorimetric values for AH2gg [KAI3(SO4)2(OH)e] were obtained as -
5164 kJ//mol and -4549 kJ/mol, respectively. Comparing these values with the value of -4992
kJ/mol calculated by the additive method using equation (4) shows that the heat effect of reaction
(3) is -5164 - (-4992) = -172 kJ/mol. The value of -4549 kJ/mol given in [8] is not reliable, since it
is smaller than the additively calculated value of -4992 kJ/mol.

3.2. Sodium and potassium aluminosilicates

The following equations can be written for the formation reactions of the compounds
Na[AISiO4], K[AISiO4], Na[AlSi,06], K[AISi,Og]:

0.5Na, 0+ 0.5Al,03+ SiO, —» Na[AISiO4] 5)
0.5K,0+ 0.5 Al,O3+ SiO, —» k[A|S|O4] (6)
0.5Na,0+ 0.5 AL, O+ 2 Si0, — Na[AlSi,Og] )
0.5K,0+ 0.5 Al,Og+ 2 Si0, — K[AISi;04] ®)

Let us calculate the enthalpy of formation of the compound Na[AISiO4] as the sum of the
corresponding standard enthalpies of formation:
AHJ5 (Na[AISiO4]), kd/mol = 0.5AH2¢ [Na,0]+0.5AH g [Al,Os]+
AH2o5 [SiO;] = 0.5(-415 kJ/mol)+0.5(-1675)+(-910)= - 1955- kJ/mol 9)
In [1], AH 29870 (Na[AlSi04]) = -2093 kJ/mol.
These quantities are the enthalpies of formation of the compound Na[AISiO4] from simple
substances. The enthalpy of formation of this compound by reaction (5) will be
/AHJsg (NA[AISiO4]) = -2093-(-1955) = - 138 kd/mol (10)
As a result of comparing the above calculations with experimental values [8-10], the
following correlative relationship was established between the thermodynamic parameters of the
compounds included in the composition of the thermodynamic parameters of complex compounds
(Gibbs energy, enthalpy and entropy):
AZ(aA-bB-cA)= K[aAZ(A)+ bAZ(B)+ cAZ(C)] (11)
Here AZ=AG, AH, AS; K=1.07
The results of calculations using equation (11) are given in Table 1.

Table 1.
The enthalpy, Gibbs energy and entropy of formation of sodium and potassium alunites and
aluminosilicates from elements: AHSog, AHyys, AGog, AGyrne, ASSog) and from compounds:

/AHYss and /AGYg, and entropy. * refers to additive calculations

Compounds —AH g ‘ —AHY, ‘ ~/AH g ‘ —AGog ‘ —AGYyy | =/AGJeg | —AS7eg
kJ/mol J/(mol.K)
NaAl;(SO.),(OH)s | 5127[9] | 4967 1625 4426 | 4136 | 289 2352
KAI(SO),(OH),  |5164[9] | 4992 | 172 4371 | 4085 | 285 2661
4549 [8] 4035(8]
Na[AISiO4] 2093 [8] 1955 137 1965 1836 129 429
1978[8]
K[AISIO4] 2069 1929 135 1936 1809 127 446
2121[8] 2005[8]
Na[AlSi,Oq], 3066 2865 201 2881 2693 188 621
3011[8] 2833 [8]
K[AISi,Og], 3037 2839 198 2853 2666 187 184
3038[8] 2875[8]
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4.Conclusions

Comparison of calculated and experimental thermodynamic parameters (Table 1) shows that
they are in agreement within the experimental error. Free energies, enthalpies, and entropies of
formation of alunite and sodium and potassium aluminosilicates from compounds average 7% of
the corresponding thermodynamic functions of their formation from simple substances. Therefore,
the value of the correlation coefficient K=1.07 is reliable, and therefore revealed equation (11) can
be used to determine the thermodynamic parameters of aluminum-containing ores.
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Xiilaso
Natrium va kalium alunitlorinin va aliiminosilikatlarinin amoalogalms termodinamik funksiyalari
Mbammadov A.N., Mammadova F.S., Sarifova U.N., Mustafayeva A.N.

Acar sozlar: alunitlor, aliiminosilikatlar, natrium, kalium, entalpiya, entropiya, sarbast omala galma enerjisi

Alunit  vo Na, K aliimosilikatlarimin  termodinamiki parametrlorinin (Gibbs enerjisi, entalpiya vo
entropiyasinin) torkiblorino daxil olan birlogsmolorin termodinamiki parametrlori arasinda korrelyativ slage miioyyan
edilmigdir: AZ(aA- bB- cA)= K[aAZ(A)+ bAZ(B)+ cAZ(C)] Burada AZ=AG, AH, AS; K=1.07. Natrium
NaAl3(SOy4)2(OH)s,  kalium alunit inin NaAl;(SO,),(OH)s, Na[AlSiO4], K[AISiO,], Na[AlSi,O¢], K[AISi,O]
aliimosilikatlarmin elementlordon (AHSog, AHoys, AGeg, AGYss, ASSsg) Vo birlosmolorden omalo galma ehtalpiyast
(/AHYsg), Gibbs enerjisinin (/AG29g) Vo entropiyasinin (/ASSg) qiymotlori dogiglosdirlmisdir.

Pe3rome
TepMonuHaMuYeckne (PYHKIMU 00Pa30BAHUSA ATIOHHTOB, AJTIOMAHOCUIUKATOB HATPHA H KAJTHSs
Mameooe A.H., Mameoosa @.C., Lllapugposea Y.H., Mycmaghaesa A.H.

Knrouesvie cnosa: anynumsl, anioMoCUIuKaml, HAMpULl, KAIUll, SHMALbAUL,  SHMPONUU, C80O0OHbBIE IHEPSUU
obpazosanus ['ubbca
YcraHOBIEHa KOPPENSIMOHHAS CBSI3b MEXKIY TEPMOJMHAMHYCCKUMH TapameTpamu (dHeprueil ['mOOca,
SHTABIMEN U SHTPOIUEH) ATyHUTA U TEPMOJUHAMHYCCKUMHE MapaMeTpaMu amroMocuinkaToB Na, K BXxoasammx B ux
coctaB coeaunenuii: AZ(aAs bBe cA)= K [aAZ(A)+ bAZ(B)+ cAZ(C)] 3mecy AZ=AG, AH, AS; K=1,07. YTo4uHeHsI
3HAUEHHs OSHTAJBIUH, CBOOOMHOI sHepruu ['mOOca, suTponuu obpasoBanus amoHuta Harpus NaAlz(SO,),(OH)s,
kamust KAIy(SO,4),(OH)e, amomocumukaroB Na[AlSiO,], K[AISiO,4], Na[AlSi,0¢], K[AISi,Og].
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HUH®OPMALMA O CTATBE PE3IOME

Hamuvt cmamou THonuxonoencayuei mpuenuyepuo-1,2,3-mpuxapboxcumemuiumuoa caxapum-
Honyueno: 06.02.2025 6-kapbonosol  Kuciomel ¢ IMUICHIIUKONEM  HOJNYYEH  HOGblll
Ucnpasneno: 28.02.2025 8bICOKOPA36€MEIEHHbII apomamuyeckutl noausupcyib@oumuo -
Ipunsmo: 03.03.2025 noaumpuenuyepuo-1,2,3-mpurxapboxcumemuiumud  caxapun-6-kapoonosou

kuciomol. Cmpykmypa CUHME3UPOBAHHO20 COCOUHEHUsT NOOMBEPIHCOCHA
Kloueevie cnosa: OaHHbLIMU  UHGPAKpacHoU chekmpockonuu. Tepmuyeckylo cmabuibHOCHb
caxapun-6-xaponosas kucioma, NOIYYEHHO20 ~ COeOUHEeHUs  Usyyaau  memooom  OuggepenyuanbHo-
nonusupcynsdounuo, mepmMuuecko2o aumamuza na Oepusamozpage cucmemvl «llaynux-Ilaynux-
6bICOKOPA3EEMENEHHbLII NOTUMED Opoeity.  [epesamozpaguueckue  ucciedosanus — ROKA3AU, umo

CUHME3UPOBAHHBINL noaumep mepmocmadunen 6 uumepsare 235-272C u
XOpouwio  pacmeopsiemcs 6 NONAPHLIX — ANPOMOHHLIX U (EeHONbHBIX
pacmeopumensix.

1.BBenenue

W3BectHO, uyro mnonudyupumunsl (II9M) mnpencraBinsioT co0oif  TreTepoLMKINYECKHUE
MOJTUMEPHI, B KOTOPBIX apOMAaTUYECKHE KOJbIAa YEPEIYIOTCS CO CIIOKHOI(DUPHBIMU M UMHIHBIMU
rpynmnamu. Beicokas pactBopuMocTs [I9M cnocoOGCTBYeT MOIyYeHHIO HU3KOBSI3KUX PACTBOPOB C
BBICOKMM COJIep)KaHHeM nonumepa. Takue pacTBOpbl NPUMEHSIOTCS B KadecTBe JakoB. [IOU
0o0pa3yloT MNpOYHBIE, JJNACTHUYHbIE IUICHKH, YCTOMuYMBBIE K Temly U  o0Jajaroliue
AIIEKTPOU3OIIIIUOHHBIMUA CBOMCTBaMHU. XapaKTePHOH OCOOCHHOCTBIO TAaKUX TUICHOK SIBIISIETCS
YCTOMYMBOCTH K OJJHOBPEMEHHOMY MEXaHUYECKOMY U TepMHUECKOMY Bo3eiicTBuIo 1].

ITo cpaBHenuto ¢ apomatuueckumu I1OU, apomartndeckue nomuddpupcynbhonmuast (IIDCH)
00J1a/IAt0T YITy4IICHHOH PaCTBOPUMOCTBIO, OTHE-, TEPMO- U PAIHAIIMOHHOCTOMKOCTHIO [2,3].

Panee mis momydeHus: BeIcOKOTepMOCTaOWIBHBIX [IDCH B peakunmu NOIMKOHIEHCAIMH C
anmu(paTUYecCKUMHU ¥ apOMaTHYECKUMHU aMHUHAMH, TUOJIAMU U TUXJIOPOPTaHUUECKUMHU COCTUHEHUSIMU
B KauyecTBE MOHOMEPOB OBUIM HCIOJB30BaHbI XJIOPAHTUAPHUIBI TUCAXAPHHINKAPOOHOBOW KHCIIOTEHI,
I3GUPOCYIBPOUMUIBL, TUATKUIOBBIE A3Pupbl N-KapOokcuMeTHIcaxapuH-6-kapOOHOBON KUCIIOTHI U
JTUUMUJIBI TUCAXapUHINKapOOHOBOW KUCTIOTHI [4,5].

Bricokopa3BeTBI€HHBIE TOJTUMEPHBIE MAKPOMOJIEKYJIbI (I€HAPUMEpPBI U THIIEPPa3BETBICHHBIE
MOJTUMEPHI) IMEIOT KOMILIEKC CBOMCTB, 3HAYMTEIHHO OTIIMYAIOIINXCS OT XapaKTEPUCTUK JIMHEHHBIX
aHaJoroB.  BpIicokas  pacTBOPUMOCTh B  OpPraHMYECKUX  cpeldaX, HHU3Kas  BA3KOCTH,
OuoerpaiupyeMoCTh, Maslasi TOKCHYHOCTBH, BBIPQYKEHHBIE KOMIUIEKCOOOPA3yIOIIHe CBOWCTBA U
COBMECTHMMOCTh CO MHOTMMH OuocyOcTpaTamMu OOyCIaBIMBAIOT IIMPOKOE MCIOIB30BAaHME ITHUX
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COEIUHEHUI B Takux OOJacTSIX Kak IPOU3BOJACTBO HOBBIX IIOJUMEPHBIX MAaTEepUaJIOB,
OMOMH)KEHEpHs, METUITMHA U (hapMalius.

B nocnennee Bpemss HauOomblee 3HAYCHHE TNPUOOPETAIOT  BBICOKOPA3BETBIICHHBIC
nommdGupumuasl  (BPIIDM) — 310 kimacc BBICOKOMOJIEKYJSIPHBIX ITOJIMMEPOB, 00JIaTar0NInX
BBICOKOM TEPMHUYECKOH, XMMUYECKOH M MEXaHMYECKOW CTOMKOCTBhIO. OHM MPEACTaBISAIOT COOOM
pa3BeTBICHHBIC WM JACHAPUIIHBIE CTPYKTYpbl Ha OCHOBE MOJUAI(QUPUMHUAHBIX (ParMeHTOB.
OcHoBHObIMM  xapakTepuctukamMu BPIIOW sBnsiorcs: BbICOKass TEPMOCTOMKOCTb, OTJIMYHAs
XUMHUYECKas YCTOMUMBOCTb, BBICOKAas MEXaHHWYeCKash IPOYHOCTb, JIETKOCTh IMepepadoTKu
(obsagaroT xopouei pacTBOPUMOCTBIO B MOJIIPHBIX OPIraHUYECKUX PACTBOPUTENSAX, UTO O3BOJISET
UX  HUCIONB30BaTh B  JIAKOKPACOYHOW  MPOMBIIUIEHHOCTH,  KOMIIO3MTax, MeMOpaHax),
JHMAJIEKTPUYECKUE CBOWCTBA, KOHTPOJIMPYEMasi CTEIICHb pa3BeTBiicHHS [6-8].

B cBA3M ¢  BBIIIEU3TIOKEHHBIM, IENbl0  PabOTHl  SIBJISETCS  CHUHTE3  HOBOTO
BBICOKOPA3BETBICHHOTO apOMATUYECKOT0 MOIUAUpPCyIbhOUMUIa.

2.JKcnepuMeHTAIbHAS YacTh

Cunmes mpuznuyepuo-1,2,3-mpuxapooxcumemunumuoa caxapun-6-kapoonoeoil
Kuciomosl. B TpexropioBoil KpyrioJOHHOW Koyide cMmech, cocrosmnyto u3 35,95 rp. (0.05 momnb)
TPUTIIMIIEpU/IA caXxapuH-6-kapOOHOBOM KUCIOTHI, 14 T (~0,1 Mosb) moporrkoodpasHoro kapboHaTa
kanmus, 19 r (~0,2 monp) MoHOXJIOpYyKCcycHOM kucnoThl U 50 r KJ pactBopsiiu B 260 man JIMAA u
kursitun 8§ 4acoB. [lo OKOHYAHMM peaklUy TMOMYYEHHYI0 Maccy OXJaxXJaidu IO KOMHATHOMN
TEMIIepaTyphl, BHIMABIINE KPUCTAIIIBI ABAXKABI MpoMbiBain [IMAA u ¢puiabTpoBamu depe3 QuiIbTp
[oTTa. CHHTE31pOBAHHOE BEUIECTBO CYIIWIHN P KOMHATHOM TeMIepaType, a 3aTeM B BaKyyMe J10
ITOCTOSIHHOM MAacCCBI.

Cunmes noaumpuznuyepuo-1,2,3-mpukapooxcumemuiumuda caxapun-6-kapoonoesoi
Kuciomol. B CTEKISHHBIA peakTop, CHAOKEHHBIM MEXaHMYECKOH MEIIaJIKOW, TEpPMOMETPOM,
KalmusipoM ¥ TpyOKoO#l Juis BBoja asota, 3arpyxkanu 17,84 r (0,02 mons) Tpurmunepua-1,2,3-
TPUKapOOKCUMETHIMMHIA caxapuH-6-kapoonoBoit kuciorel, 0,1 1 PbO, mnpensapurensho
pactBopennoro B 1,24 r (0,02 monas) 1,2-3TaHamona, © B IOTOKE a30Ta PEAKIMOHHYK) Maccy
HarpeBamu 10 185-190 °C. B pesynprare mnepestepuduranuy BbIIenseTcs Boxaa. Jlanee,
TeMIeparypy noguumanu npo 225°C mox BakyymMoM B TedeHMHM 1,5 dYaca BBIIENAIHN
octaBmyocs Boay. llocime mepekpucTalIW3alUyd M3 aleToHa TOJYYeHO TBEpHoe
BEIIECTBO C BEIXO0A0M 74 %.

OU3NKO-XMMUYECKHE CBOWCTBA PACTBOPHUTENEH COOTBETCTBOBAIH JIMTEPATYPHBIM JTAHHBIM
[9,10].

Wudpakpacusie cnextpbl cHumanu Ha UK-Oyppe — cnextpomerpax LUMOS u ALPHA
(pupma BRUKER T'epmanus) B uama3oHe BOTHOBBIX dactoT 600-4000 cM™, ¢ HCMONB30BaHHEM
npuctaBku HIIBO c¢ kpucrammom ZnSe. /lmamerp kpucramia 1 cm. Yucno ckaHoB mpoOsl 24,
JUIMTENIBHOCTh n3mepenus 30 cex.

DneMEeHTHBIN aHanu3 ObUT MPOU3BEACH 1Mo MeToauke [11], ocHOBaHHOI Ha MUPOIUTHUYECKOM
CKUTaHUU OPraHMYECKOTO BEIIECTBA B MOTOKE KUCIIOpo/ia ¢ MpUMeHeHneM annapara [Ipermus.

Tepmuueckyro ~ CTaOMJIBHOCTH ~ TIOJYYEHHBIX ~ COCIUHEHMH  HM3Y4Yaldd  METOJOM
muddepeHranbHO-TEPMUYECKOT0 aHaln3a Ha JiepuBarorpade cucremsl «llaynuk-ITaymuk-Opaeit»
[12, 13]. HaBecka obOpasma 200 mr, ayBcTBUTENBHOCTD KaHaimoB 11-200, JITA-250 pv, ATT'-1 mv,
CKOpOCTh MoabeMa TemmepaTypsl 5S°C/MHUH B TOKe BO3yXa.

st u3MepeHusl XapaKTepUCTHYECKOW BSI3KOCTH TPUMEHSUTH CTEKJISTHHBIE BHUCKO3UMETPHI
OcBanbna. Bpemss teuenuss pactBoputens coctaBimsiio or 46 no 120 cex. Crpounu
KOHIIEHTPAIIMOHHBIC 3aBHCHMOCTHU TIPUBEIEHHON BA3KOCTH Mgp/C = (t/to — 1)/c st psima oOpasios.
ITo HaKJIOHY SKCIIEPUMEHTABHBIX MPSMBIX ONPEAEISUIN 3HAUEHUS! KOHCTaHThl XarruHca:

/e =Ml +k M c,
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rne k' — koncranta XarrmHca, KOTOpas XapaKTEpU3yeT TEPMOJAMHAMUYECKOE B3aUMOJCHCTBHE
pacTBOpUTENd U MOJMMEpa, a Takke TUApPOJMHAMUYEecKoe MoBelneHue pactBopa. [lorpenrHocts
OIpezieNIeHUs 3HaYEeHUsI [1)] HE IPEBBILIAET 5 MPOLIEHTOB.

N3yuenne (pu3nko-MeXaHUYECKUX CBOMCTB MPOM3BOJIWIIOCH HAa pa3pbiBHON MarmuHe WPM,
VEB Thuringerindustriewerk, Rauenstein R-40, TYP-2092.

3.Pe3ysbTaThl U HX 00CY:KIeHUE

B pesynpraTe B3aMMOICHCTBHS paHee HaMH IOJIYYEHHOTO TPUIJHUIEpUIa caxapuH-6-
KapOOHOBOM KHCIIOTHI ¢ MOHOXJIOPYKCYCHOW KHCIIOTOM OBUI CHHTE3MpOBaH Tpuriunepua-1,2,3-
TPUKAPOOKCUMETHIIMMHU]T ~ caxapuH-6-kapooHoBori  kuciotel (T1-1,2,3-TKMU  C-6-KK) mo
cienytomei cxeme [14]:

PR g |/\"
\ozs—”\ (-O-CH CH-CHE 0=~

o 8_ o
O

CO~_
NH + 3CI-CH,COOH
—S04s” —3HCI

oC SO
.
HOOCH.C—NZ |m | I >N—CH2COOH
2 \02s - ﬁ—o CH— H CHz—o—lcl—\/—SOz
o} 0
=
a
o|c= Io
VAt
h
CH,COOH

[TonyyeHHoe coequHEeHHE MpenacTaBiseT coboil muapsimuiics npu 230°C U pacTBOPUMBIMA
TOJIBKO B allPOTOHHBIX PACTBOPUTENSAX MOPOIIKOOOPA3HBIN MPOIYKT.

CocTtaB M CTpyKTypa MOJIYYEHHOIO COEIWUHEHUS IOATBEPKACHBI JTaHHBIMU 3JIEMEHTHOTO
ananmu3a u UK-ciekrpockonuu [15-17].

Tabnuya 1.
Quzuueckue koncmanmol mpuenuyepuo-1,2,3-mpuxapboxcumemunumuoa
caxapun-6-xkapOoHo801l Kuci10mobl

Haiineno % T BhIxo

1., H’
Coengunen. BpyrTto ¢popmyna Borancaeno % M °oC %
C H N S
Tr-1,2,3-
o C33H,30,1N58S; 43,794 2.14 4.1 10,14
TKMMU C-6-KK 435 2.58 47 10.75 893 | 230 73,5

B UK-cniekTpax mojiydeHHOTO COeTMHEHUS HAOIIOAINCh CIASAYIOIINE TTOJIOCH TTOTIIOIICHHS:
(1355, 1413,1459 CM'l) konebanuss C-H-cesisu CHj-rpynm; Banentneie (1150, 1185 CM'l)
koneGanms C-O-cBsi3i cioxkHOoro sdupa; xomebanust B (1721 cm™) >C=O-Tpymisl CIOKHOTO
a¢upa. B caxapuHoBOM 1HKIIe HaOIIOgar0TCs Koebanus B obnactu (1679 cmt) C=O-cBsi3u amuza,
BanentHse (1243, 1298 cv™) koneGanns SO,- rpynmbsl 1 BanenTHsIe (3217, 3100 cM™) KomeOamus
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N-H-cBsi3u; nedpopmanuonnsie (671, 739, 861 CM'l) xonebanns C-H-cBs3u 3aMereHHOro
OCH30JILHOTO KOJIbIIA, a BaJIeHTHbIE KosieOanusi B obiactu (2630 CM'l) xapakrepusytor COOH-
TPYIIIIBL.

Ha OCHOBE CHHTE3UPOBAHHOTO TT-1,2,3-TKMU C-6-KK OBLI MOJTY4eH
BBICOKOPA3BETBJICHHBIA MONMMIGUPCYIbPOUMUA — MONMUTpUrIULEpua-1,2,3-TpukapOoKkcuMeTH-
JUMHU]T caxapuH-6-kapOoHoBoit kucnotel (I1T1-1,2,3-TKMUM C-6-KK). Peakiuto mpoBoauiu 1o
CIIEIYIOLIEH CXEME:

oc—7"" "X /\—co
HoocH,c—N || | | >N-CH,COOH + 2HO-(CH,)—OH — 3=
0,5—L__A—C—0—CH,~CH—CH,—0—C—x__$0;
I | I
o) (I) o)
i
o
I
oC S0,
\/
CH,COOH
oc—" X /\—co\
——tocme-N | | |~ >N-cii-coo-CHy-0-
-2Hy OZS—\/—ﬁ—O—CHz—FH—CHz—O—l(lj—\/—SOZ
0 |0 0
=0
|
o)
I
oC so,

\/
L |CH2 _in

Co

Brixox neneBoro npoaykra-74%.

OO6HapyxeHo, uyro B HK-cmekTpax MOJy4YeHHOIO COEIMHEHHsI IMPHUCYTCTBYIOT MOJOCHI
nornouteHust B o6mact (2631cm™)  BamentHsIx n medopmarmonnsix (1360 cM™) konebanuit C-H-
cBsi3u CHa-rpynn; BanentHbix (1185 em™Y) konebanmii C-O-CBSI3H CITOKHOTO a¢upa; KonebaHuii B
obmactu (1720 CM'l) >C=0O-rpymmsl cnoxHoro 3¢upa. B caxapuHoBoM IuKIe HaOIIOMAIOTCS
konebanns B obmactu (1675 cm™) C=O-csisu ammma, BanenTHble (1244cm™) koneGanms SOo-
rpymmsl v Banentreie (3214 ev™) koneGanns N-H-csisi; nedopmarmonnsie (745, 982, 1481 cm™)
KosiebaHus XxapakTepu3ytoT C-H-cBs3u 3aMeIeHHOro O€H30JIbHOT0 KOJIbIIA.

B pesynbrare nccienoBaHuii, ObUI0 BBISICHEHO, YTO MOJIy4€HHBIN 3TuM criocodom [1TT-1,2,3-
TKMU C-6-KK umeer Bsizkoctb [N]=0,16 nJI/r, 4ro XapakTepHO Ui BBICOKOPa3BETBICHHBIX
MTOJTUMEPOB.

ITo manneiM nuddepenuumansHo-TepMuueckoro axanusa ([ATA) ObUI0 yCTaHOBIEHO, UTO
CHHTE3MPOBAaHHBIN MOJIMMEp TepMOCTaOmiIeH B uHTepBaie 235-272°C m XOpomo pacTBopsieTcs B
MOJISIPHBIX allPOTOHHBIX U (DEHOJIBHBIX PACTBOPUTEISX.
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[To ¢usuko-mexanndeckum mnokazatemsm [1TI-1,2,3-TKMU C-6-KK umeer crnemyromue
JIAHHBIE: OTHOCHUTENBHOE yJUIMHEHHE, € — 5 %0, IPEIeN IPOYHOCTHU IIPU PACTKEHUH, Gp - 110 Mma.

CuntesupoBannbiii [ITI-1,2,3-TKMU C-6-KK MoxeT NpuUMEHATbCS MpH TNPOU3BOICTBE
JAKOKPACOYHBIX M3JENUN, KIEeB, TEPMOCTOMKHX IOKPBITUH, MJIEHOK, a TakKXKe, MOJUMEpPHBIX
KOMITO3UTOB.

1 i
) l'h»vw. é
(=1 |
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Q f | :
o - / — l v ',
8 s fi41p.4151.126 ;
3 Lapragsants, . /7 “ 2001550756 L1as1850 348 :
g | ~ | x
- |
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1360.5/39.75 il
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Xiilasa
Yeni yiiksak saxolonmis aromatik poliefirsulfoimidin sintezi
Aslanova E.T., Rasidova M.N., Qarayeva A.9., Atakisiyeva VV.O., Heydarova S.Y.

Acar sozlar: saxarin-6-karbon tursusu, poliefirsulfoimid, yiiksak saxalanmis polimer

Saxarin-6-karbon tursusunun trigliserid-1,2,3-trikarboksimetilimidinin etilenqlikol ilo polikondensasiyasi
naticesindo yeni yiliksok saxoslonmis aromatik poliefirsulfoimid - saxarin-6-karbon tursusunun politrigliserid-1,2,3-
trikarboksimetilimidi alinmigdir.

Sintez edilmis birlosmonin strukturu infraqurmizi spektroskopiya vasitosi ilo tosdiq edilmisdir. Alinmis
birlogmonin termiki davamligi Paulik-Paulik-Erdey sisteminin derivatoqrafiyasindan istifado etmoklo diferensial istilik
analizi ilo dyronilmisdir. Derevatoqrafik todqiqatlar gostormisdir ki, sintez edilmis polimer 235-272°C diapazonunda
termiki davamlidir vo polyar aprotik vo fenol healledicilords asanliqla holl olunur.

Summary
Synthesis of a new highly branched aromatic polyestersulfoimide
Aslanova E.T., Rashidova M.N., Garaeva A.A., Atakishieva V.O., Geydarova S.Ya.

Keywords: saccharin-6-carboxylic acid, polyestersulfonamide, highly branched polymer

By polycondensation of triglyceride-1,2,3-tricarboxymethylimide of saccharin-6-carboxylic acid with ethylene
glycol, a new highly branched aromatic polyestersulfonamide — polytriglyceride-1,2,3-tricarboxymethylimide of
saccharin-6-carboxylic acid have been obtained. The structure of the synthesized compound was confirmed by data of
the IR spectroscopy. The thermal stability of the obtained compound was studied by a method of differential thermal
analysis on derivatograph “Paulik-Paulik-Erdey”. Derivatographic investigashions showed that the synthesized polymer
have thermally stable in the range of 235-272°C and well-soluble in polar aprotonic and phenolic solvents.
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Kniouegwie cnoesa:.
Heghmenpooykmos, cmouHvle 800bl,
KOA2yNaHm, KOMNO3UYUOHHBIL,
AIOMUHULI-JHCeNe30CYIbpamHblil,
KOHYeHmpayus, ucciedosanue,
yenogue, IKCmMpazenm, H-2eKCam

Ochosbi8asACy HA PA3TUYHBIX TUMEPAMYPHBIX OAHHBIX, MOJHCHO CKA3AMb, YMO
6 nociedHue 200bl 6 HAYUHLIX pabomax, paspaboOmaHHbIX 8 PA3TUYHBIX
HanpaeneHusx, He paz NPUMEHANUCL HeopeaHudeckue  NOoaUMepHble
KOoaz2ynaHmul ons ahpexmugnot ouucmKu CMOUHBIX 600
Hegpmenepepabamvisaowux 3a80008. Ha ez2o ocnose mvl paspabomanu
KOMRO3UMHbIUL  AFOMUHULL-)ICENe30CYbhamubill  Koazyaiawm  (VCI08HO
nazvigaemuiil P-1x). Ymobuvl npuzomosums e2o, mvl cmewanu 10% Al12(SO4)3
u 10% Fe2(S0O4)3 6 coomnowienuu 1: 1 u ucnonv308anu 3mom KOMRO3UMHbLU
xkoaeynawm R-1k ona ouucmxu om NMTQ npu komuamuou memnepamype 6
aabopamopuwix ycrosusx 1; 2,5; 5; 10; Mui ucnonvzosanu e2o 0is 0bpasyos
cmounvix 600 obvemom 100 mn 6 xonuuecmee 15 mn. Ilpu uccredosanuu

Koazynanma P-1k 6vi10 ycmanosneno, umo npu uUCnOIb306aHUU 5 ML 9MO20
Koaz2ynisiHma 0711 O4UCMKU CMOuHbIX 600 ¢ Konyenmpayuer NMTQ 3000 me/n
ouuwenue om COHII oocmueno npumepno 96,79%. Ilpu ucnonvzosanuu
nepeuunoeo skcmpaxkmopa (H-cexcana unu nepguunoii 6en3unosou ppaxyuu)
ouucmka npobd cmounvix 600 om HMTK odocmueana 100%, a mymuocmo
600bl 3HAYUMENLHO CHUMNICANACH. [l YCKOPEHUs. KOA2yIAayul UCTOAb308AU
3% H2S04 ¢ xoauuecmee 2,0 ma.

1.BBenenne

Ha ocHOBaHWMH pa3NWYHBIX JTUTEPATYpHBIX [1-12] maHHBIX MOXKHO CKa3aTh, YTO B TOCIICTHHE
rofbl B HaydHbIX paboTax, pa3pabOTaHHBIX B PA3IUYHBIX HAIMPABICHUAX HEOPraHUYECKUe
MOJINMEPHBIE KOATyJISHTBl HECKOJIBKO pa3 OBbUIM HCIOJIb30BAaHbI ISl 3(G(EKTUBHONW OYMCTKU
CTOYHBIX BOJ He(prenepepabarbiBatomux 3aBooB (HII3). Mcxons u3 aToro HaMmu O6bUT HOATOTOBJIECH
KOMITO3UIIMOHHBIN alMtOMUHHI-Kene30cynb(aTHbiil KoaryistHT (ycioBHO HaszBaHHbM P-1K). [na
ero npurotosieHust Mbl cmemanu 10%-ubrit Aly(SO4)3 1 10%-ub1it Fep(SO4)s B oTHOmEeHNH 1:1 1 B
Ja00pPaTOPHBIX YCIOBHIX MCIOJIB30BATIN STOT KOMITO3UITMOHHBINA KoaryisHT P-1K B xonmuuectse 1;
2,5; 5; 10; 15 M ma 100 mm-oBbIX mpobax ctouHbIX Boj s ouricTku oT COHIT npu koMHaTHOH
temmneparype. [Ipu uccinenoBanuu koarysisuata P-1K Obu10 BBISICHEHO, UTO B ClTydae UCIOIB30BaHUS
5 MJI 3TOrO KOAaryisHTa JUIsl OYUCTKU CTOYHBIX BoA ¢ KoHueHTparueir COHIT 3000 mr/n, ouncrtka
ot COHII nocrurna npumepHo 96,79%. A npu UCIOJIb30BAHUU NTEPBOHAYATIBHOIO SKCTpareHTa (H-
reKcaH, WIM TepBOHavalbHas OeH3MHOBas (¢pakuus) oducTka npod crounsix Boa ot COHII
nocturna =~100%, a Takke MYTHOCTb BOJABl 3HAUYUTEIBHO YMEHbUIMJIACh. [l yckopeHus
KOaryJisiiuy uerosib3oBaiu 3%-ayro H,SO,4 B kommuectse 2,0 ML
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Ha ocHoBanuu nutepaTypHBIX JaHHBIX [1-12] HamMu OBLJIO YTOYHEHO, YTO JO HACTOSIIETO
BpeMs B ouncTke cTouHbIX BoJ oT COHII He ObUIO AOCTUTHYTO pe3yibTaTa OYUCTKU OJIU3KOrO K
100%. VY pa3paboTaHHBIX HOBBIX METOJOB IO O4YHCTKe CTOYHBIX BOJ OoT COHII umerorcs
pasnuuHble HenocTaTKU. [IpuynMHON 3TON H3KOJOTrMYECKOW MpOOJIEMbI SIBISETCS HPUCYTCTBHE
BbICOKOKOHIIeHTpUpoBaHHbIX COHII pasHoro THuma wu o0pa3oBaHHME YCTOMUMBOM KPEMKO
nucniepcHoi cucteMbl. [lo 3Tol mpuumHe Npu o4yucTke NpoO ctouHbix Boa HII3 Heobxommmo
YTOYHSATH ONTUMAJIbHBIE YCIOBUS U KOHIIEHTPALIMN KOATYJISHTOB, a TAKXKE CPENY.

Hcxons U3 BBILIEU3I0KEHHOTO HaMH ObLT pa3padoTaH HOBBIM METOJI OYMCTKH MPOO CTOYHBIX
Boa, coxepxammx COHII, B3sateix Ha HII3 npu nomouu npurortosineHHoW cmecu 10%-HbIX
pactBopoB KOMIO3MIHUOHHBIX Aly(SOy4)3-Fex(SO4)s. st moBbimeHuss 3GGEKTUBHOCTH OYUCTKH
crounbix Boa oT COHII Ha mepBoMm 3Tame B KayecTBE IKCTpareHTa HCIOIb30BAIM H-T€KCaH (WIn
NEpBOHAYAIbHYI0O OCH3MHOBYIO (pakuuioo). Ha BTOpoM »3Tame HCIONB30BAIN  pPa3IMYHOE
koinuectBO 10%-noro P-1K. Kak n3BeCTHO TpaauIIMOHHBIE KOATYISHTHI MOTYT OBbITh 3()(HEKTUBHO
MCTIOJIB30BaHBI TIPU OYMCTKE CTOYHBIX BOJ ¢ HU3KOW KoHueHTpamerdr COHIL. Ognako nobasienue
MEPBOHAYAIILHOTO JKCTpareHTa (H-TeKcaHa) 3HAYUTEIBHO YIYYIIWIO KaueCTBO JEWUCTBUA
[IPUTOTOBJIEHHOIO KOMITO3UIIMOHHOTO KoaryisiHTa P-1K.

2.9KcnepuMeHTAbLHAS YaCTh

B naboparopuu Hamu ObUIO MPUTOTOBJIEH KOMIO3UIIMOHHBIN KoaryasHT u3 cmecu 10%-HbIX
pactBopoB Aly(SO4)3 u Fex(SO4); B oTHOmeHun 1:1. PacTBOphI mepeMenivBaid B KoOJOE pu
KOMHATHOM TeMIepaType J0 MOJIy4eHUsS OAHOPOJHON KUAKOW CMECH. 3aTeM MOTYyYEHHYIO KUIKYIO
CMECh MEUICHHO TIICpEeMEIIMBAIA B pEaKIHOHHOW Konbe B TeueHue 20 MUHYT Ha
TEPMOCTAaTUPOBAHHOM BOJsIHOHN OaHe mpu Temmeparype 75°C A0 MONMy4eHHs] aKTUBHOTO PacTBOpa
Al3(S0O4)3—Fey(SO4)3. [Tocne HenpepbIBHOTO TIepeMeIInBaHus B TedeHue 20 MHHYT, CMECh JIepiKan
Ipy KOMHATHOW TemrepaType B TEYEHHE 2 4YacoB C LEJbI0 JaibHEiIIeld MoJuMepU3aluu U
CTapeHUsI.

B nenurensHyto BopoHky HanmuBaroT 100 mu mpoObl crounoi Boabl, coaepxameir COHII,
no0aBIAIOT  ONpelNeNeHHbI  00beM  9KcTpareHTa u  npuroTtoBieHHod  10%  cmecu
Aly(SO4)3tFey(SOy)s. Tlpu ucmonmszoBanuu 3kcTparenTa u P-1K mepememnimBaHue MpOU3BOIAT
MOCJIe Ka)/I0TO BBEJICHUS PEarcHTOB.

B kaxaom skcrepuMeHTe B JEIUTENbHON BOpOHKY HanmuBairoT 100 mi mpoObl CTOYHBIX BOJ,
conepxammx COHII u go6asmnsitor 06beM koarymsiata P-1K cooTBeTcTByrommii HanGobIien 103¢e
MIPUHSTOTO JHAara3oHa.

[Tocne nobGasnenust skcTparenta u koaryisHTa P-1K ¢ukcupoBanu HOMepa mpod CTOYHBIX
BoA. B mporecce oTcrauBaHMs cMecH OTMeuald BpeMs Hadana oOpa3oBaHUS XJIONBEB, BpeMs
Havajia OCaXJICHHUS W KOHIA Koaryisiuu. [Ipu mpoBeaeHUN KOarysiiuu o0pa3yroTcst TpU (Ga3bl —
OopraHuueckas, BOAHas U ocaloK. OuHIleHHBbIE CTOYHBIE BOABI M OPTaHUYECKUN CION OBLIO
WCCIIC/TIOBAHbl AHAJTUTHYCCKUMH PEaKIHUSIMH. B KaXqoMm 3Tame ObUT aHAM3UPOBAH COCTaB MPoO
CTOYHBIX BOJI IO OYMCTKH M Tociie ouncTku [13-17].

[TosrydeHHBIE pe3yNIbTaThl UCCICAOBAHUS OYUCTKH MPOO CTOYHBIX BOJ, conepskanmx COHIT
MOKa3aHbl B Tabnuiie 1.

Jnist ycKOpeHus: KoaryJisiuy B KadecTBe (IIokynsiHTa Oblia mcronb3oBana 3%-Has HySO4 B
KOJM4YecTBe paBHOU 1/3 dwactu mcmonb3oBaHHOro koarymsHta P-1K. Beuto ompeneneno, uro 6e3
yaacTus (IIOKYJISHTa KOaryysius 3aBepiiniach B TeueHue 40 MHUHYT. A TIpH HCIIOJIb30BAHHUU
(bIOKYISIHTA MPOLIECC KOAryISAIUY 3aBEPIIHIICS B TeUCHUE 25 MUHYT.
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Tabnuya 1.
Pesynomamot uccredosarnust ouucmxu npob cmounvix 600, cooepaicawux COHIT
axcmpazenmom u koa2ynsaumom P-1K

Ounmenne crouHbIX Bog (CB)

No Cocrasa gf;:;{i;l BOABL A0 [IpumeHnseMble peareHThI CocraB CB mocite 09ucTKI 0.
OIIBITA, Komnir. Koma-Bo Kom-Bo o4uc.
00BeM CSFP/IJ?’ pH IBET | Koar-ta | Koar-ta aé?;:B;ﬂ COHII, pH meer |CB, %

P-1K P-1K, M ’ MI/1

I1-1 2500 10,5 | yepHbIit 10 1,0 - 1142,5 9,6 MyT 54,3
100 mn MYT. 2,5 - 540,0 8,6 78,4
50 - 80,25 7,8 96,79

10,0 - 746,75 7,5 70,13

15,0 - 900,75 7,5 63,97

I1-2 2500 10,5 | yepHbIi 10 1,0 0,2 476,0 7,8 70,96
100 mn MYT. 2,5 0,5 54,25 7,6 97,83
5,0 1,0 0,01 7,5 99,99

10,0 1,5 240,75 7,5 90,37

15,0 3,0 549,25 6,6 78,03

3aBUCUMOCTD 3(PGHEKTHBHOCTH OYKMCTKH CTOYHBIX Boj, coaepxkammx COHII or konnuecTBa
HCIIO0JIb30BAHHOI'O KOATYJISIHTA OMPEICIEHHON KOHIIEHTpAIMH TT0Ka3aHa Ha PUCYHKe 1.

120
100
80 5
60 1

40

cogeprkawmx CHMO

3P PEKTMBHOCTb OUMCTKM CTOUHBIX BOZ,
N
o

1 2,5 5 10 15 mn, 10%-Hblii
Koarynsaur

Pucynok. 3agucumocms sghpexmuenocmu ouucmku cmounvix 600, cooepicawux COHII om xoruuecmea
10%-n020 Koacyranma: 6e3 yuacmus skcmpazenma — 1; ¢ ynacmuem skcmpazenma — 2.

3.00cy:k1eHne 1 pe3yJibTaThl

Kak u3BecTHO W3 nuTeparTypHbIX AaHHBIX [17-18], conm amoMuHMS M JKene3a, Takue Kak
AICl3, Aly(SO4)3, Fex(SOy)s, FeCls, momumepHbie CoNMM aTIOMUHUS | Kee3a, SBIIOTCS HanboJjee
YacTO HUCHOJB3YIOUIMMHCA KOAaryjasHTaMd. OTH TPAJULIMOHHBIE KOAryiasHTBl MOTYT OBIT
3¢ GEKTUBHO HCITOIB30BAHBI MTPH OYMCTKE CTOYHBIX BOJ C HU3KOW KOHIEHTparued Hedgru. OgHako
IIPU UCHOJB30BAHUU ITUX KOATYISHTOB JUISl OYMCTKH BBICOKOKOHIIEHTPUPOBAaHHBIX HedTe- (Wiu
COHII) conepamux CTOYHBIX BOJI HE MOT'YT OBbITh MOJIYYEHbI YIOBJIETBOPUTEIbHBIE PE3YIbTATHI.
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Hamu gns oumerku crounbix Boj or COHII Obu1 MCHONB30BaH TMEPBOHAYATIBHBIN
9KCTpareHT mnocie cmemmBaHus ¢ koaryiasHToM P-1K. Ilocne noGaBnenus ¢iokynsHTa Obuia
nocturuyra mnpumepHo 100% ouuctka crounbix Bojg ot COHIL. Kak Bumno wu3 puc.l
UCIOJb30BAaHUE DSKCTpPAreHTa CYLIECTBEHHO BIUSET Ha cTabuipHOCTh KoarymsHra P-1K u
nokaszarenu 3(PQPEKTUBHOCTH Koaryiasiuu. lIpm HCHoiabp30BaHUMU SKCTpareHta 3¢ (eKTUBHOCTh
ynanenuss COHII yBenmuumnace 10 ~99,998%. Cuimwkenue 3h(eKTUBHOCTH KOaryssiuu-
(IIOKYIAUMM NIPM MOBBIIIEHHOH OCHOBHOCTH BBI3BaHO peakiueil ocaxiaenus Fe3t u A3t ¢ OH
rpymnmnamM ¢ 00pa3oBaHUEM OCaJIKa TUAPOKCH]IA ATIOMHHHUS U KeJe3a, YTO MPUBOANUT K CHIXKEHUIO
3(PEKTUBHBIX KOATYIAIIMOHHBIX KOMITIOHEHTOB P-1K.

4. BuiBoabI

Hcxons U3 BBIIECKA3aHHOTO M PE3YJIbTaTOB HAYYHOH PabOThI MOXHO CHENATh CIEAYIOLIHE
BbIBOJIbI: [losmMepHBble altoMUHUI-kKene30Cynb(aTHble KOMIIOHEHTHI YCIOBHO Ha3BaHHble P-1K,
MIPUTOTOBJICHHBIC M UCIIBITAHHBIE HAMU B KaueCTBE KOATYJISIHTA, SIBJISIFOTCS BBICOKOA((HEKTUBHBIM
KOaryJsiHTOM, KOTOPBIH CHOCOOEH OYMCTUTHh CTOYHBIC BOJbI, COAEP)KAIME BBICOKOE KOJIMYECTBO
COHII mpumepno 110 ~100% (99,998%). PazpaboTaHHblif HAMU METO/ MOXKET OBITh UCIIOJIb30BAH B
KayecTBe albTEPHATUBBI JUISl MPEABAPUTEIBHON OYMCTKM CTOYHBIX BOJ C BBICOKUM COJIEpKAHUEM
cmecu 0tx070B HepTenpoaykToB (COHII) mpu ouncTke cTouHBIX BOJ HeTenepepadaThIBaroOmei 1
He(PTEXUMHUECKONW MPOMBIIIIICHHOCTEH.
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Xiilaso
Toarkibinda neft mahsullar: tullantilari qarisigi (NMTQ) olan cirkab sularimin tamizlanmasi iigiin
aliiminium-domirsulfat koaqulyantinin hazirlanmasi
Haciyeva S.R., Bayramov Q.1., Mammadov R.Y.

Agar sozlor: neft mohsullar, tullanti sulari, koaqulyant, kompozit, aliiminium-damir sulfat, konsentrasiya,
todqiqat, vaziyyat, ekstraktor, n-heksan

Miixtolif odobi molumatlara ssaslanaraq demok olar ki, son illordo miixtalif istigamotlords islonmis elmi
osarlordo neft emali zavodlarinin tullanti sularinin somorali tomizlonmasi tigiin bir ne¢o dofo geyri-iizvi polimer
koagulyantlardan istifads edilmisdir. Bunun asasinda biz kompozit aliminium-domir sulfat koaqulyant: hazirladiq (sorti
olarag R-1K adlanir). Onu hazirlamagq {igiin 1:1 nisbatinds 10% Al,(SO,); Vo 10% Fe,(SO4); qarigsdirdiq vo bu kompozit
koaqulyant R-1K-dan laboratoriya soraitinds otaq temperaturunda NMTQ-dan tamizlomoak iigiin 1; 2.5; 5; 10; 15 ml
miqdarinda 100 ml ¢irkab su niimunolori tiglin istifads etdik. R-1K koaqulyantini tadqig edorkan malum olmusdur ki,
3000 mq/l NMTQ konsentrasiyasi olan ¢irkab sularin tamizlonmasi tigiin bu koaqulyantdan 5 ml istifads edildikdo,
SONP-dan tamizlanmo toxminan 96,79%-5 catmusdir. {lkin ekstraktordan (n-heksan vo ya ilkin benzin fraksiyasindan)
istifado edarkon, NMTQ-don ¢irkab su niimunalorinin tomizlanmasi 100% -3 ¢atdi vo suyun bulanighg: shamiyyatli
doracados azaldi. Koaqulyasiyam siiratlondirmok tigiin 2,0 ml migdarinda 3% H,SO, istifads edilmisdir.
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Summary
Preparation of aluminum-ferrous sulfate coagulant for the treatment of wastewater containing mixture of
petroleum waste (MPW)
Hajiyeva S.R., Bayramov G.1., Mammadov R.Ya.

Keywords: petroleum products, wastewater, coagulant, composite, aluminum-iron sulfate, concentration,
research, condition, extractant, n-hexane

Based on various literary data, it can be said that inorganic polymer coagulants have been used several times for
efficient treatment of waste water of oil refineries in scientific works developed in various directions in recent years.
Based on this, we developed a composite aluminum-iron sulfate coagulant (provisionally called R-1K). To prepare it,
we mixed 10% Al,(SO4); and 10% Fe,(SO,); in a ratio of 1:1, and from this composite coagulant R-1K, to remove
MPW at room temperature in laboratory conditions and used 1; 2.5; 5; 10; 15 ml for 200 ml wastewater samples. When
studying the coagulant R-1K, it was found that when 5 ml of this coagulant was used to treat wastewater with a SONP
concentration of 3000 mg/l, NPW removal reached about 96.79%. When using the primary extractant (n-hexane or
primary gasoline fraction), the purification of wastewater samples from NPW reached 100% and the water turbidity was
significantly reduced. 2.0 mL of 3% H,SO, was used to accelerate coagulation.
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Salyan torpaglarinin kimyavi torkibinin tadqiqi (Hosanli kandi timsalinda)
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MOQALO HAQQINDA MOLUMAT XULASO

Magalanin tarix¢asi Duzlama, bitki értiiyiiniin inkisafina mane olan torpaqdaki duz migdarinin

Daxilolma tarixi: 20.11.2024 artmasi naticasinda yaranan bir prosesdir. Duzlu torpaglar yiiksok duz

Diizoliys tarixi: 18,02.02.2025 konsentrasiyast sababindon bitkilorin SUyU udmasint ¢atinlasdirir, bu da bitki

Qabulolunma tarixi: 10.03.2025 ortiiyiiniin  zaiflomasina va mohsuldariigin azalmasia sobab olur. Digor
torafdan, Moahsuldarliq bitki yetisdirmak ii¢tin uygun torpaq xiisusiyyatlorinin

Agar sizlar: comina aiddir. Yiiksok mahsuldarliq saviyyasi, optimal qida torkibi, torpagin

Salyan rayonu, soran torpaglar, struktur vo mikrobioloji faaliyyati ilo xarakterizo olunur. Bu, bitkilorin saglam

miinbit torpaqglar, akin sahalari va davamly bir sakilda inkisafina imkan verir.

1.Giris

Son onilliklords torpaqlarin soranlagsmasi torpaqlardan istifado zamani osas problems
cevrilmis, noticodo onun sixlagsmasi, strukturunun itirilmosi vo su rejiminin pozulmasi bas
vermisdir. Bu proseslorin naticasi okin sahalorinin mohsuldarliginin azalmasi vo bazon tamamilo
mohv olmasidir. Soranlagma ilo miibarizo hazirda fermerlorin hom yeni okin saholorinin
meliorasiyast, hom do artiq istifadods olan torpaqglarin miinbitliyinin qorunub saxlanmasi {igiin an
mithiim vozifadir.

Soran torpaq bitkilar tiglin zararli migdarda (0,25% -don ¢ox) asanligla hall olunan mineral
duzlari ehtiva edon torpaqdir.

Miiayyon soraitdo miixtolif torpaqglar soran ola bilor: qara torpaqlar, sabalidi torpaqlar, comon
torpaglar. Soranliq doracasine gors torpaglar zaif, orta, yiiksok vo ¢ox yiiksok soranliga boliiniir.

Soran torpaqlarda bitkilorin mohvinin osas sobobi torpaq mohlulunun yiiksok osmotik
tozyiqidir ki, bu da onlarin hiiceyro sirosinin tozyiqini iistoloyir. Noticodo ayri-ayr1 toxumalara
suyun axini azalir, transpirasiya artir, assimilyasiya, tonoffiis vo sokarlorin amolo golmasi pislosir ki,
bu da bitkilorin qurumasina vo moahvina sabab olur.

Torpagin soranhifinin olamatlori - seyrok bitki Ortliylinlin, yerin sothindo quru qabigin
olmasidir. Soran torpaqlar bos olsalar da onlarin sathindo homiso qabiq amolo golir. ©gor duzluluq
giicliidiirso, hotta nazik duz qabig1 goriina bilor.

Diinyada suvarilan torpaqlarin 30%-o godari soranlagsmaya vo sorakotlosmoys moruz qalib.
Hor il suvarilan torpaqlarin 1,5 mln. hektar1 sorlasaraq siradan c¢ixir. Simali Amerikada
deqradasiyaya ugrayan suvarilan torpaqlar 28%, Avropada 16%, Avstraliyada 13% toskil edir.
Rusiyada deqradasiyaya ugrayan suvarilan torpaqlarin sahosi inkisaf etmis 6lkalordon ¢ox olub
35%-o catir [1].

Kand Tosarriifatt Nazirliyinin molumatina osasen, hazirda élkomizds toxminan 561 min 965
hektar torpaq sahosi miixtalif doracads soranlagsmaya moruz qalib. Bu ciir torpaqlara 6lkads an gox
isti Vo quru iqlim soraiti olan Kiir-Araz ovaliginda rast golinir. Aparilan todqiqatlar gostorir Ki,
sahasi 2,2 milyon hektar olan Kiir-Araz ovaligi torpaqlarinin bu vaxta qador toxminan 60%-i orta vo
siddatli dorocods soranlagsmaya moruz qalib. Hal-hazirda 6lkomizdo kond tosarriifati iigiin yararh
sayiln suvarilan torpaqlarin 1,426 mln hektardan ibarat timumi sahasinin 664,6 min hektar1 (46,6%)
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miixtolif doracads sorlasmisdir. Torpaglarin soranligi Qarbdon Sorqo Xozor donizi sahillorine dogru
artir [2].

Salyan torpaqglari, Azorbaycanin morkozi hissasinds yerloson vo genis kond tosorriifati
arazilorini ohats edon bir regiondur. Bu bolgs tarixon kond tesarriifat: tigiin mithiim shomiyyat kasb
etmisdir vo burada torpaq miinbitliyi vo soranliq problemlari xiisusi digqot tolob edir. Soranliq vo
miinbitlik anlayislar1 Salyan torpaglarinin mohsuldarligini, ekoloji vaziyyatini vo iqtisadi
potensialini birbasa tasir edir.

Salyan rayonu torpaqlar1 soranlasmaya moruz qalan, sorakot torpaqlar iistiinliik togkil edon
rayondur. XX asrin avvallarinds suvarmanin baslandig illards okin {igiin istifads olunan torpaglarda
sorlasma miisahido edilmisdir. Bu suvarma sisteminds olan qiisurlardan — suvarma sabokasinin
seyrok olmasindan va sutullayict sobokonin olmamasindan irali galmisdir. Noticada hor dofo ohali
yeni sahalardan istifado etmoklo ¢ixis yolu tapmislar. Bu sobobdon kegan asrin 50-60-c1 illarinda
salyan rayonunun 98% torpaq sahasi miixtalif dorocads sorlasma moruz qalmisdir. Tokrar
yuyulmalarla torpaglarin sorlasmasinin qarsisini tam almaq miimiikiin olmasa da bu yuyulmalarin
aparilmasi davam etdirilmisdir.

Salyan regionu miixtalif torpaq tiplori ilo zongindir vo burada osasen alliivial, qara torpaqlar
Vo duzlu torpaglar mévcuddur. Regionda iglim saraiti va suvarma sistemlari torpaglarin soranliq vo
miinbitlik saviyyasins tasir edon osas amillordondir. Salyan orazisi genis ¢l vo yarimsahra landsafti
ilo xarakterizo olunur ki, bu da torpagin tobii miinbitlik saviyyasins tasir edir.

Miinbit torpaqda azot, fosfor, kalium, mis, magnezium, kiikiird, sink vo bir cox basqalar1 kimi
coxlu qida maddolori vardir. Miinbit torpaglarin asasini humus togkil edir. Mohsuldarliq baximindan
on yaxs1 torpaqlarda humus 10% -9 qador togkil edir.

Torkibindo coxlu miqdarda faydali mikroorqanizmlor, qidalar vo minerallar olan siini
yaradilmis miinbit torpaq da vardir. Belo torpaglar gil, qum, torf vo giibrolordon alds edilir. Bels
torpaqlardan kond tosarriifatinda vo abadliq islorinds istifado olunur [3].

Tadqiqat isinda, torpaq niimunalarinin toplanmasi va laboratoriya analizlori vasitosilo torpagin
soranliq vo miinbitlik gostaricilori 6yronilmisdir. Eyni zamanda, regionda torpaq istifadasi vo
suvarma tacriibalari ilo bagli moalumatlar toplanaraq tohlil edilmisdir.

Salyan torpaqglarinda soranliq vo miinbitliyin tadqiqi, bolganin kond tesarriifati potensialinin
artirilmast vo ekoloji davamliligimin tomin edilmosi tigiin shomiyyatli bir addimdir.

Analiz {glin torpaq niimunslorinin diizgiin gotiirilmasi onlarda osas qida maddslarinin
toyinindo vacib sortlordondir. Cox vaxt osas diqqet laboratoriyada torpaq analizlorinin diizgiin
aparilmasina yonolir, ancaq torpag niimunolorinin gotiirilmoasina diqgeat yetirilmir vo yaxud az
ohomiyyot wverilir. Lakin gotlriilmiis torpaq nimunolori Sahonin orta miinbitliyini tam
saciyyalondirmali va onun doayiskanliyini miiayyanlogdirmak ti¢iin imkan vermalidir.

Ogor torpaq niimunasi diizglin gotiiriilmoayibsa vo yaxud sahani tam saciyyslondirmirss,
aparilacaq analizlorin ohamiyyati olmur, an yaxsi halda iso diizgiin natico ¢ixarmaq miimkiin
olmayacaq. Ona goro do sahadon torpaq niimunslorinin qaydalar ¢orgivasinds gotiiriilmasi, diizglin
analiz naticolorinin alinmasi ticiin an baslica vo vacib sortdir [4].

2.Tadqgiqatin aparilmasi

Okin altinda olan torpagin analiz naticoSine osasen torpaq duzsuz, giiclii galovi torpaqdir.
Torpaq siiziintiisiinde anion kation analizlori aparilmigdir. Aparilan analizo asason torpaq
kationlardan Ca **, MgJ'2 vo K'-la zoif, Na'-la cox yiiksok dorocodo olmasi askar edilmisdir.
Anionlardan iso HCOs va Cl ilo orta, SO4% iso ¢ox yiiksok olmasi agkar edilmisdir. Anoin kation
analizlarinin naticasine asason torpaq siiziintiisiindo SAR yiiksok olmast onu gostarir ki, Na-in, Ca
Vo Mg kationuna gora nisbati ¢ox yiiksok oldugundan torpaq duzsuz vo giiclii golovi torpaqdir.
Torpaqda sulfatli duzlar daha ¢ox iistiinliik toskil edir.

Okin altinda olan torpaq niimunasinin 2-ci isa giiclii golovi olmagla duzsuz torpaqdir. Torpaq
stiziintiistindo anion kation analizlori aparilmigdir. Kationlardan Ca?", Mg2+ vo K*-la zoif, Na*-in
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yiikksok olmasi agkar edilmisdir. Anionlardan iss HCO3; CI -un orta, S0.%, yiiksok olmasi askar
edildi. Siiziintiido SAR normaldir.

Sor olan orazids gotiiriilon torpaq giiclii goalovi Vo duzsuz torpaqdir. Torpaq siiziintiisiindo
anion kation analizlori aparilmisdir. Analizo asason Kationlardan Ca®* orta, Mg?" vo K* zaif, Na iso
cox yiiksok askar edilmisdir. Torpagda anionlardan HCOs, Cl™-un yiiksok, SO4* ise orta olmasi
askar edildi. Torpaga qolovilik veron HCO3  vo Na* ionlarinin ¢ox olmasidir.

Sor olan ikinci torpaq zaif golovi vo duzsuz torpaqdir. Bu torpaqda anionlardan sulfat, xlor
kationlardan Na- un yiiksok olmasi askar edildir. Torpaga soranligi yaradan natrium sulfat vo
natriumxlor duzlariin ¢ox olmasidir.

Cadval 1.
Dorinlik | Yerin |GOS®MCN jiinad olunan Olgii | Smagmn .
(sm) | tosviri n metod vahidi | noticosi | oM | Doyarlondirma
(analiz) ad1
okin Ph | rOCT26423-85 9.05 6.6-75 | Giicli qolovi
altinda
EC I'OCT26423-85 | mS/sm 0.618 <2 Duzsuz
Anion va kationlar
S0~ hesablama ma/l 31.47 0-5 Yiiksok
HCOy3 Titr mq/l 2.36 0-00.10-0.10 Orta
Xlor Titr ma/I 7.84 0-4 Orta
ca” Titr ma/l 4.0 20-25 Zoif
Mg** Titr ma/l 1 10-15 Zoif
K* Sat.siiziintusii | ma/l 0.15 0-2 Zoif
Na* Sat.siiziintusii mg/I 36.52 0-0.8 Yiiksok
Sar hesablama Mel 23.1 0-12 Yiiksok
Cadval 2.
Darinlik Yerin | Gostaricinin | istinad olunan| Olgii Sinagin .
(sm) tosviri | (analiz) adx metod Vah%di neticgasi Norma | Dayarlondirma
okin Ph  |[FOCT26423-85 869 | 6675 | Gicligolovi
altinda
EC 'OCT26423-85| mS/sm 0.546 <2 Duzsuz
Anion va kationlar
S0,” hesablama ma/l 15.95 0-5 Orta
HCOy Titr mon | 347 | 0050 Orta
Xlor Titr ma/I 4.41 0-4 Zoif
Ca™ Titr mq/l 5 20-25 Zoif
Mg™ Titr mq/l 1 10-15 Zoif
K* Sat.siiziintusii | mq/l 0.25 0-2 Zoif
Na* Sat.siiziintusii | mq/l 17.57 0-0.8 Yiiksok
Sar hesablama Mel 10.2 0-12 Normal
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Cadval 3
Doarinlik | Yerin |Géstoaricinin |istinad olunan|  Olgii Siagin Norma | Dayarlandirma
(sm) tasviri | (analiz) adx metod vahidi naticasi
Qeyri- Ph FOCT26423- 876 | 6675 | Giclii golovi
akin 85
EC FOC2256423- mS/sm 0.694 <2 Duzsuz
Anion vo kationlar
S0~ hesablama ma/l 10.83 0-5 Orta
HCOs Titr ma/l 7.13 |0-00.10-0.10 Yiiksok
Xlor Titr ma/l 19.6 0-4 Yiiksok
Ca” Titr ma/l 7 20-25 Orta
Mg** Titr ma/l 2 10-15 Zoif
K* Sat.siiziintusii mg/I 0.3 0-2 Zoif
Na* Sat.siiziintusii mg/I 28.26 0-0.8 Yiiksok
Sar hesablama Mel 13.3 0-12 Normal
Cadval 4.
Darinlik | Yerin Gostoricini Istinad olunan Olcii Siagin .
(sm) tasviri n metod vahidi | naticasi Norma Dayarlandirmo
(analiz) ad1
Qeyri- Ph | FOCT26423-85 845 | 6675 | Giclii golovi
SKin . .6-7. ticlii galovi
EC I'OCT26423-85 mS/sm 1917 <2 Duzsuz
Anion va kationlar
sS0,* hesablama ma/l 82.72 0-5 Orta
HCOy Titr mq/I 2.67 0'891'(1)0' Orta
Xlor Titr ma/I 38.2 0-4 Zoif
Ca’ Titr ma/l 9 20-25 Zoif
Mg** Titr ma/l 19 10-15 Zoif
K* Sat.siiziintusii mq/I 0.39 0-2 Zoif
Na"* Sat.siiziintusii mq/I 95.2 0-0.8 Yiiksok
Sar hesablama Mel 25.5 0-12 Normal

3.Natica

Salyan torpaqglarinin soranliginin vo miinbitliyinin todqiqi mithiim shomiyyst kosb edir. Bu
todqiqat ¢orgivasinds torpaqlarin soranliq soviyyasi vo onlarin kond tosorriifati ii¢lin miinbitliyi
giymotlondirilmisdir.

Todgigat orazisi torpaqglarinda Ec doyori asagi olsada, Ph doyori giiclii galovi olmusdur.
Torpagda pH-in yiiksok olmasi bitkilarin torpagdan zaruri gida elementlarinin manimsamasini
cotinlogdirir ki, bu da geyd olunan torpaqlarda {izvi mongsli giibralordan istifadonin 6nomini artirir.
Torpaqglarin soranliq doracasi miixtalif oarazilords forgli saviyyalords olmusdur. Bazi yerlords bu,
bitki Ortiiyliniin inkisafina ciddi mane olur, digarlorinds iss az daracadadir.

Torpaglarin miinbitliyi osason onlarin kimyavi Vo fiziki xassalorindon asilidir. Soran
torpaglarda osason azot, fosfor vo kalium kimi gida maddslorinin ¢atismazligi miisahido olunur.
Miixtalif agrotexniki todbirlorlo torpaqlarin miinbitliyini artirmaq miimkiindiir. Bunlara giibroloms,
meliorasiya islori vo diizgiin suvarma iisullarinin totbigi daxildir.
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Torpaqglarin soranliq vo miinbitlik daracalorinin tohlili ekosistemin saglamligini qorumaq
baximindan shomiyyatlidir. Soran torpaqglarin diizgiin idars olunmasi ekoloji tarazligin qorunmasina
komoak edir.

Bu naticolor Salyan torpaqglarimin kond tosorriifati potensialinin artirilmasi ti¢iin osash
moalumat tomin edir va bu torpaqlarin daha samarali istifadasi tigiin tadbirlorin planlasdiriimasina
komak edir.

2018-ci ildo Salyanda torpaqlarin tokrar soranlagsmasinin qarsisin1 almaq mogsodilo kompleks
meliorativ todbirlor goriilmiisdiir. Bu moagsadlo moévcud kollektor-drenaj tosorriifatlarinda osash
tomir-barpa islori goriilmaklo yanasi, yeni drenaj sabokolorinin qurulmasi islori do aparilmisdir. 56
kilometr uzunlugunda lildontomizlomo islori hoyata kecirilmis vo rayondaki 8 nasos stansiyasi
vasitosilo 75 milyon kubmetr qrunt sulari donizo axidilmigdir. Bu iso 540 ton duzun okin
saholorindon konarlagsmasi demokdir. Torpaglarda olan duzlulugun dorocasini asagi salmaqla galiq
sularmin saviyyasini 2 metra qodar endirmok iiclin 5 kondin orazisindan kecon 200 kilometr drenaj
xotti dorinlosdirilmisdir [5].
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Summary
Study of soil salinity in the Salyan region (using the example of the village of Hasanli)
Aliyeva A.Sh.

Keywords: Salyan region, saline soils, fertile soils, crop fields

Salinity is a process caused by an increase in the salt content of the soil, which hinders the development of
vegetation. Saline soils, due to the high concentration of salts, make it difficult for water to be taken up by plants, which
leads to a weakening of vegetation and a decrease in productivity.

Fertility, on the other hand, refers to the sum of the properties of the soil that are suitable for growing plants. It is
characterized by a high level of fertility, optimal content of nutrients, structural and microbiological activity of the soil.
This allows the plants to develop in a healthy and sustainable way.

Pesrome
Hccnenosanue 3acoieHHocTH No4B CaabsiHCKOro paiiona (Ha npuMmepe ceJia I'acaniibl)
Anueea A1

Kniouesvie cnosa: Canvanckuil pation, 3acofienHvle 3eMiu, N1000POOHbLE 3eMIU, NOCEGHble NOJIS

3acoyieHHe-3TO MPOIECC, BHI3BAHHBIM MOBBINICHHEM COACPIKAHUSI COJHM B MOYBE, YTO MPEMATCTBYCT PA3BUTHUIO
PACTUTEILHOCTH. 3aCOJICHHBIC MOYBBI 3aTPYIHSIOT IMOTJIOIICHHE BOJBI PACTCHUSMH H3-3a BBICOKOW KOHIICHTPAIMH
COJTH, YTO MPHUBOIMT K OCITA0JICHUIO PACTUTEIILHOCTH U CHIDKCHHIO TUIOI0POIHS.

C apyroii CTOPOHBI, IUIOJOPOINE OTHOCHTCS K CYMME XapaKTEPUCTHK ITOYBBI, OIXOIAIICH /ISl BRIPAIIIMBAHUS
pactenuil. OH XapaKTepHU3yeTCsl BRICOKMM YPOBHEM ILTOIOPOIUS, ONTHMAIBEHBIM COJICPYKAHUEM ITUTATESIFHBIX BEIICCTB,
CTPYKTYPHOH M MHKpPOOHOJOTHYECKOW AKTUBHOCTBIO MOYBBL. DTO TO3BOJIICT PACTCHHSM Pa3BUBATHCS 3IOPOBBIM U
YCTOHYUBBIM 00pa3oM.
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MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarixgasi Nevrozlar Kimi markazi sinir sisteminin funksional pozgunluglari kaskin stres,
Daxilolma tarixi: 27.01.2025 zehni tasirlor, miixtalif xastoliklor va digar sabablordon  inkisaf edir.
Diizalis tarixi: 20.02.2025 Nevrasteniya, obsesif pozgunluglar, isteriya nevrozun genis yayilmis
Qabulolunma tarixi: 03.03.2025 Sformalaridir.  Xostolik  zamami  beyin  yarimkiiralarinda  va  subkortikal
strukturlarda sinir faaliyyatinin pozulmasi naticasinds yaranan patoloji dizvi
Acar sozlor: deyil, funksional bir xastalik kimi gabul edilir. Xastaliklorda tez-tez artan
nevroz, oyanma, langima, xastlik, hayacan, asteniya, narahat diisiincalor, istor-istamoaz aqressiv va kobud
refleks, isteriya, beyin gabig harakatlaor va s. kimi simptomlar miisahida olunur.

Moarkazi sinir sisteminin funksional pozgunlugu olan nevrozlar kaskin garginlik, psixi tasirlar,
forgli xastaliklor vo digar soboblordon inkisaf edir. Nevrasteniya, sayrisan hallar nevrozu, isteriya
nevrozun genis yayilmis formalaridir. Xastolik zamani beyin yarimkiiralori ilo gabigalti nahiyslords
sinir faalyyatinin pozulmasindan téranon patoloji hal {izvi deyil, funksional hal kimi doyarlondirilir.
Xastoliklor zamani1 asasen oyaniqilig, asteniya, narahatliq doguran fikirlor, istomadon agressiv,
kobud horokatloro meyillik vo s. simptomlar miigsahido olunur. Miialico zamani dorman,
psixoterapevtik va s. metodlardan istifads olunur.

Yasadigimiz zamanda nevrozlar sinir sisteminin funksional pozgunlugu olub, kaskin
gorginlik, psixi tasirlor va digor sobablordon inkisaf edir. Bozi hallarda isa patoloji prosesin
inkisafina forgli xastoliklor do tosir edir. B.B.Mixeyevin fikrina goro nevrozun inkisafinda xarici
faktorlarla borabor insanin konstitutsional xiisusiyyatlori do miihiim rol oynayir [4]. Hom do
vegetativ sinir sisteminin voziyyati, organizmds gedon emosional garginlik hipotalamik nahiys ilo
rabitolidir. Is soraitinds, ailodo {imumilikdo insanmin soxsi hoyatinda ugursuzluglar, ali sinir
faaliyyatinin zoif olmasi insanlara psixo-travmatik tasir eds bilir. Onuda nazoro almaq lazimdir ki,
bu ciir psixofizioloji tasirlora qadinlar kisilordon daha ¢ox doziimsiizlik gostorir. Molum oldugu
kimi, nevrozun inkisafinin sabobi oyanma vo longimo proseslorinin siddstli gorginliyi, hamginin,
toqqusmasi olur. Vaxti ilo ilk eksperimental nevrozlar I.P.Pavlov torofindon laboratoriya soraitinds
aparilan todqiqatlar zamani torodilmisdir [3].

Qarsilasmis oldugumuz insanin ali sinir foaliyyatinin nevrotik pozgunluglari ayri-ayri
formalarda 0ziinii bruzo verir. Bu ciir forgli formalarda oks olunan xarakterik xastaliklor,
pozgunluglarin xaotik sorti reflekslori, onlarda miisiihido olunan fazali vaziyyatlorin borabarlosdirici
Vo paradoksal fazalarin inkisafi, sinir proseslorinin partlayisli vo patoloji otalstli formalaridir.
Diqgstimizds olan va nazardan kegirdiyimiz nevrotik pozgunluglar zaif vo hiddatli sinir tiplorinda
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toradilmoasi bir 0 godor do ¢otinlik yaratmir. Bu zaman ilk olaraq oyanma, ardinca isa longima
prosesi zarar gokir. Yeni Xastoliklorin askarlanmasi, miioyyan edilmasi 6z noévbasinds, homin
xastaliklorin adlandirilmasini va 6yranilmasini bir vozifs olaraq garsiya ¢ixarir. Bu isa natice olaraq
yeni terminlorin yaranmasi prespektivlorini garsiya ¢ixarir. Odur ki, problemoa belo bir aspektdon
yanasilmasina uygun olaraq ilk dofo U. Qullen 1776-c1 ildo Nevroz terminini toklif etmisdir [4].
Zaman keg¢dikca nevrozlar haqqinda slds edilon molumatlar zonginlassada halo X1X asrin sonu, XX
asrin baslangicina gador bir sira sinir, somatik va digar xastaliklori nevrozlara aid edirdilor. Homin
doévrdon baslayaraq bir sira elmlorin, o ciimladan patoloji anatomiya, histologiya vo digor bioloji
elmlorin inkisafina tokan veran yeni todqigat metodlarinin tatbigi nevroz problemino miinasibatin
doyismasina gatirib ¢ixardi. Odur ki, ¢ox sayli tadgiqatlarin aparilmasinin noaticasi olaraq miiayyan
olundu ki, nevrozlar markazi sinir sisteminds hor hansi bir iizvi dayisikliys Sobab olmayan, yalniz
funksional xarakterli doyisiklik naticasinds inkisaf edon Xastalikdir. Nevrozlarin 6yranilmosi
istigamotinds aparilan todgigatlar onun tosnifatinin verilmasini do qagilmaz edirdi. Ancaq halo do
nevrozlarin miiasir tosnifatinin verilmasinds fikir va diisiincalorin miibahisali olaraq qalmasi 6ziinii
gostarir. Moveud materiallari tohlili 6nu sdylomayas asas verir ki, nevrozlarin tosnifatini ayri-ayri
miialliflor forgli sayda tosnif edirlor. Bu tosnifata nevrozun ii¢ formasi nevrasteniya, sayrisan hallar
nevrozu, isteriya ilo birlikdo nevrozun digor formalarida daxil edilir vo hansi ki, bunlara qorxu
nevrozu, depressiv nevroz vs sair daxildir. Professor Z.M. Salayeva praktik cohstcon nevrozun dérd
formasi olaraq nevrasteniya, isteriya, psixasteniya va sayrisan hallar nevrozu oldugunu qeyd edir
[5].

C. Brid ilk dofs olaraq nevrozlarin daha ¢ox miisiihido edilon formasi olan nevrasteniyanin
tosvirini vermisdir. Bridin fikirlorina gora, XIX asrin ikinci yarisinda iri sohorlorde miixtolif sanaye
sahalorinin siiratli inkisafi sobobindon insanlar arasinda goarginliyin koaskin sokildo artmasi
nevrasteniyanin inkisafin1 téradon soboblor igorisindadir. Nevrasteniyanin klinikasina aid olan
simptomlar asasan oyaniqiliq vo asteniyadir. Xastoni an adi, 0 goadar do diggeto alinmasina ehtiyac
olmayan qiciglandirict belo tez osablogdirir, hatta ciizi bir shomiyyatsiz sobobdon téronon sas,
masalon yazi goalominin sasi, Konardakilarin séhbat asnasinda yaranan danisiq sasi vo s. affektiv
partlayis reaksiyalarinin yaranmasina sobab olur. Belo xastolor ¢oxda goargin olmayan hor hansi bir
adi is zamani tez bir zamanda yorulur, is gabiliyyati zaifloyir, imumi ohvali asanliqla pozulur.
Xirda qiciglandirict tosirindon siddotli reaksiya miisahido olunur. Daha ¢ox miixtolif formalarda
yuxu pozuntulart miisahids edilir. Onlar yuxunun geyri miimkiin olacagindan, yuxu zamani yataqda
yata bilmoyacayindon ehtiyat edir, naticodo uzun miiddst oyaq galacagindan vo eyni zamanda
yuxuya gedan zaman xos olmayan, pis mozmunlu yuxu goracayindan hoddon artiq narahat olur,
biitiin bunlardan koskin qorxu hissi kegirir. Xosto biitiin qeyd olunanlarla borabor yuxudan
oyandigdan sonra yena da 6ziinii yorgun, aSabi hiss edir. Rahat yatmagq ii¢iin yataga gec uzanmasina
baxmayaraq gec yuxuya gedir.

Diggato aldigimiz sobablarlo borabar xastoalik zamani daxili tizvlerds funksiya pozgunlugu
vegetativ sinir sisteminds bas veron patoloji prosesin inkisafinin noticasi olaraq inkisaf edir. Bu
kimi hallarin bag vermosi zamani beyin yarimkiiralori ilo gabiqgalti nahiyalords sinir foalyystinin
pozulmasindan tdronan patoloji hal iizvi deyil, funksional patoloji hal kimi dayarlondirilir.
Xastoliyin xiisusi ilo maraq doguran tarafi hamin xastalorin 6z xastaliklorini daha ¢ox sisirtmasidir.
Xastolordo yaddas zoifliyi, gozlori qarsisinda qeyri-adi canlinin olmasi, xiisusilo otraflarin
keylosmasi vo s. olamotlor onlari narahat edir. Onlar elo bilir ki, hor-hansi bir orqan1 sagalmaz
xastaliya tutulub. Bu sabobdon da onlar hamiso 6zlarinin ¢ox agir xasta olduglarimi diisiinarok bunu
ohatasinds olan insanlara sdylomays ¢alisirlar. Odur ki, ayri-ayr1 hakimlora miiracist edir, miimkiin
godor daha ¢ox miiayinalordon kegmoys caligirlar. Biitiin bunlart edo bilmadiklori zaman onlar
ruhdan diisiir, 6zlorini narahat hiss edir, naticads Xxastolik zaman ke¢dikco daha da agirlasir. Biitiin
bu sabablordon onlarda sagalma hali miisahido edilmir, aksina xastalik getdikco daha da kaskinlosir.

Nevrozun digar bir formasi olan Sarisan hallarin inkisafi zamani, narahatliq doguran fikirlar,
homg¢inin, xoStoni narahat edon harokotlor nevrozun sarisan hallar formasmin miihiim
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xtisusiyyatlorina daxildir. Maraqli odur ki, xaste hamin fikir va diistincalarin shamiyyatsiz, lazimsiz,
monasiz oldugunu anlasada, biitiin bunlar1 6ziindon konar eds bilmir. Sarisan hallar nevrozunun
obsessiv, fobik vo sarisan harokatlor olmagla {i¢ formasi ayird edilir. Obsessiv formada xosto
montigsiz, moazmunsuz fikirlordon masalon, binanin mortobslorini saymaqdan, eyni bir sozii
dofalarlo tokrar etmokdon 6ziinii xilas eda bilmir. Eyni zamanda onlar har kasin bildiyi, aslinda
izahata ehtiyaci olmayan, he¢ bir monasi olmayan suallar vermokdon sanki lozzot alir. Biitiin
bunlarla barabar, bazon Xxastalori mozmunsuz suallar narahat edir. Masalon, ns tigiin heyvanlar iki
ayag1 tizorinds deyil, dord ayagi {izorinds yeriyir, insan kimi danisa bilmamalarinin sabsbi nadir va
s. Xastoliyin rast golinon fobik formalarida vardir. Buna misal olaraq asagidakilari géstormak olar.
Onlar har hansi bir xostaliklo xastalonmokdon gorxur — nozofobiya, istadiyi yaxin adamlarini
itirorok tok galmaqgdan qorxur — monofobiya, yiiksoklikdon gorxur — akrofobiya, ruhi xastaliya
tutulmaqg gorxusu — psixofobiya va s. Belo Xastalor 6zlorindaki qorxu va tosvisi azaltmaq moagsadilo
hor giin bir sira montigsiz rituallardan istifado edirlor. Bir xosto giin arzindo ona heg bir xota
toxunmamasi tglin soharlor evdon ¢ixmazdan ovval gozii yumulu sokildo bir ne¢o dofo ¢ixis
gapisina yaxin otagin divarini dparmis. Basqa bir xaSto iSo yolxucu xastoliys tutulmamagq tiglin
bodonin goriinen vo goriinmoaz miixtalif yerlorino mosalon, qulaglarinin arxasina, barmaglarinin
arasina, boynunun ardina va s. yod siirtormis.

Sarisan hallar nevrozunun novbati tiglincii formasinda xostolor istomadon aqgressiv, kobud
horokatloro meyilli olurlar. Miiayyan horokatlori xosto eyni ilo tokrar edir, misal olarag olini
dofalorla eyni yera vurdugunu sélomok olar. Baxmayaraq ki, bela harokatlorin yaxs1 hal olmadigin,
monasiz oldugunu xosStonin 6zii bilir. Xoastoliyin basqa formalarmin miialicasine nisbaton bu
formanin mualicasi nisbaton ¢otinlik toradir.

Nevrozun diger bir formasi olan isteriya (Hystera — yunanca usaqliq) bir xostolik kimi gox
godim tarixi kegmiso sOykonir. Xostoliyin Oyronildiyi ilk zamanlardan elo hesab edirdilor ki,
qadinlar bu xastalikla xastalonir va Xxastaliyi usaqligin gadin badaninds azaraq gozmasi sebabindan
inkisaf etdiyi guman edilirdi. Bu sobobdan do xastaliys Isteriya ad1 verilmisdir.

XVII asrda yasamis fransiz alimi Sarl Lepua 6yrandi ki, bu xastaliya qadinlarla barabar hom
kigilordo hom do usaqlarda da rast galinir. Xastaliyin Kliniki manzarasi XIX asrin altmisinci
illarinds fransiz alimi J.Sarko torafindon aydinlagsdirmisdir. Xastoaliyin kliniki alamatlori miiayyan
edildikdon sonra Babinski bu xastaliyi ruhi xastalik olarag doyarlondirmisdir. Xastalik ti¢iin kliniki
olamotlor ¢ox rongarongdir. Bu olamotloro Xostonin yasadigi ictimai miihitlo borabar, onun
intelektual saviyyasi, hamg¢inin yas1 va forgli olamotlor xastaliyin simptomlarinin agkara gixmasina
0z tosirini gostarir. Eyni zamanda xastaliyin baslica xarakterik alamati olan harokat vo emosiya ils
bagli funksional tipli pozuntularin olmasi, xastonin he¢ bir ¢atinlik olmadan talgine vo eyni
zamanda Oziini talqine davamsiz olmasidir. Xostolik zamani daha ¢ox maraq doguran osas
olamotlordon biri do onlarin 6z xastoliklorine toacciib doguracaq sokilds, goribs miinasibot
gostarmoloridir. Cilinki, ovval Xasto sagalmaq istayi ilo hokimo miiraciot edir, ancaq heg¢ ciir
sagalaraq xostolik voziyyotindon ¢ixmaq istomir. Lazimsiz yers etdiyi horokatlordon elo bil lozzat
alir, hamin horokatlori dono-dona tokrar etmok istoyir. Isteriya xostoliyino demok olar ki, asasan,
isteroid xasiyyatli soxslorda, I.P.Pavlovun todqiqatlar1 ilo miiayyan edilon, ikinci signal sistemi zoif
soxslorda rast golinir. Onuda geyd etmok yerino diisor ki, ilk eksperimental nevroz Pavlovun
laboratoriyasinda agr1 qicigina qarsi sorti qida refleksinin yaradilmasi zamani alinmigdir [2].

XVIII asrin axirlarinda P.Jane psixasteniyani sarbost xastolik kimi tosvir etmisdir. Pavlovun
tolimina uygun olaraq ikinci signal sistemi birinci signal sistemindon istiin olur. Qabiqalti
diiytinlorin faaliyyati beyin qabiginin faaliyyatindon zaif olur. Xasta hoyacanli va tagvis i¢inds olur,
0zlino inamsizliq yaranir, basladigi isi axira ¢atdirmaq iigilin uzun zaman fikirlosir, goti gorara
galonda moagsadina catir.

Aydindir ki, usaqlarda sinir sistemi tam inkisaf edib formalagsmadigindan onlar arasinda rast
galinan nevrozun gedisino vo kliniki xiisusiyyatlorina bunun tasiri qag¢ilmazdir. XX asrin ikinci
yarisinda Q.E.Suxareva 0z todqiqatlarina osaslanaraq bildirir ki, kigik yaslarindan usaqlarin
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golocokda qarsiya cixa bilacok biitiin ¢otinliklori aradan galdirmaq tg¢iin timumilikda fiziki vo
psixoloji baximdan miibariz ruhda torbiys olunmasi xiisusi shomiyysto malikdir. Ciinki, hamin
usaqlarin golocokda nevroza tutulmama ehtimali digor usaqlara nisboton daha yiiksokdir. Usaqlarda
nevrotik slamotlorin yaranaraq inkisaf etmasinds valideyinlorlo birlikds ailonin basqa tizvlari olan
qardas, baci homginin, baba, nans usaqglara geyri-Somimi, ¢ox da xos olmayan kobud miinasibatlori
do sobob olur. Atanin zalim, ananin iso mehribanligindan yaranan bels bir ziddiyystli miinasibot
usaqlarin sinir sistemina ¢ox pis tosir edir. Biitiin bunlar sonda, sinir sisteminin biitovliikkdo
gorginlosmasina sabab olur [1]. Nevrozun formalasmasinda usaqlarin orkdyiin olmasi, valideynin
diggat vo qaygisindan konarda qalmasi daha tohliikalidir. Valideyin 6z usagina qaygi gostarmir, onu
Sobabsiz danlayir, cozalandirir vo s. Basqa bir halda anasina 6yrosmis usaq bir miiddst ondan
ayrilmasi naticasinds ohvali pislasir, yuxusuzluq problemi meydana ¢ixir, gozlori daim anasini
gozir. Biitiin geyd olunanlar usaqlarin psixi durumuna ¢ox moanfi tosir gostarir vo naticads nevrotik
olamatlorin inkisaf etmosino imkan yaranmis olur. Zaman kegdikco ailodaxili voziyyatin
gorginlosmasi, har iki valideyin arasinda miinasibatlorin pozulmasi, dava-dalas, qalmaqal usaqlara
pis tosir gostarir. Biitiin bunlar naticads usaqlarda nevrozlarin inkisafina yol agir. Qeyd olunanlar
onu sdylomaya asas verir ki, ¢ox usaql ailolords usaqlara valideyinlarin har ikisinin miinasibatinin
forgli deyil, eyni olmasi xiisusi olaraq diqqat morkozinds olmalidir. Orta moktob sagirdlorinds
nevrozun omolo galmasinds asas sabablardon biri moktob miihitinin, soraitinin agirligi, hamin
sagirdo kollektivin miinasibatinin geyri-gonastboxs olmasi, hamg¢inin davamli, gorgin olaraq
miitaliyo etmosidir vo s. Toassiif doguran hal valideyinlorin 6z 6vladlarmin fiziki vo intelektual
imkanlarint he¢ do nazors almamasidir. Onlan fiziki olraq ¢ox yiiklayir, masgul olmaga daha gox
vaxt sorf edir, istirahot {iglin vaxt qalmir, usaq yoldaslari ilo iinsiyyotdo olmasina, oynamasina
imkan vermir. Umumulikds nevrozun inkisafina gotirib ¢ixaran amillors yasayis miihitinin pisliyi,
monzilin riitubatliliyi, qaranliq olmasi, natomizlik va s. aid edilmalidir. Eyni zamanda noazars almag
lazimdir ki, usaqglarin pis adatlori siqaret gokmok, igki igmok, xiisusilo narkotik maddalarin gabulu
kimi pis adatlori do nevrozun inkisafina sabab ola bilocok amillors daxildir. Nevrozun usaglarda
daha ¢ox rast golinon formalari isteriya vo nevrasteniyadir. Bunlarla barabar basqa nevrotik hallara
da enurez, fobiya sindromu va ayri-ayri xostolik hallarina da tesadif edilir. Usaqlarda isteriya
nevrozu zamani boyiiklora nisbaton emosional reaksiyalar daha yiiksok ehtirasli formada bas verir.
Onlarla tinsiyyatdo olmaq bir gadar ¢atinlagir, tezliklo kaskin isterik reaksiyalar, tutmalar bas verir.
Belo usaqglar 6ziinii yera vurur, badonino har ciir xosarat yetirmoys c¢alisir. Xostolik dovriinda
usaqlarin homyagidlarina qargt qoddarlig, sobirsizlik vo lageyidlik kimi miinasibotlor miisahido
olunur. Bazon xastalik dovriinds vegetativ va haroki funksiyalarin pozuntulari baximindan astaziya-
abaziya (ayaqiisto durma va yerisininin pozulmasi), mutizm (lalliq), danisiq zamani kokaloma kimi
olamatlor miigahida olunur. Bu alamatlorlo yanasi hamin usaqlar forqli danismaga, fikirlorinin geyri
adi olmasina meyil edirlor.

Qabiqalt1 toéromalorin beyin gabigi ilo birgo foaliyyatinin pozulmasi sobobindon nevrozun
digor formalarida 6ziinli gostorir. Bu clir pozuntulara yazi spazmasi, poltoklik, bunlarla yanasi
yuxuda sidik axitma va forqli formalar1 aiddir [1].

Yazi spazmasi vo basqa peso congolmalari. Nevrozun bu formasi ¢ox yazi yazan xastolor {igiin
xarakterikdir. Xasto yaz1 yazmaq lazim golondo golomi aling gotiiron andan barmagqlar tadricon qic
olur. Bu ciir patoloji prosesin inkisaf etmosindo yorgunlugun, xiisusilo boyun foqerolorinds bas
veran dayisikliklorin vo timumi nevrotik vaziyystin tasiri boyiikdiir. Nozordon kegirdiyimiz yazi
spazmasinin dord formasi1 miiayyon edilir, birinci congolma ilo miisahido edilon forma — olinde-
golunda tonik congolmalar bas verir, ikinci agrili forma — oldo-qolda siddotli agrilar, congolmalar
bag verir, liglincli paralitik forma — ol barmaqglarinda va qolunda ozalo zsifliyi sobabindon ali ilo
golomi tuta bilmir, dordiincii hipergenetik forma — olinds, qolunda lazimsiz harakatlor bas verir.
Yaz1 yazmadiqda xastonin slinds, ol barmaglarinda, hamginin qolunda, hec bir doyisiklik miisahido
edilmir. Digor hallarda, sonoati congolmalar zaman1 xasto pesosi ilo bagl olan funksiyalar1 yerino
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yetira bilmir. Masolon, agor xosto miisiqicidirse, har-hansi bir miisiqi alstlorinden birinda (tar,
yaxud qarmon) ifa edirdiss indi onun homin musiqi alstindo ifa etmosi miinkiin olmur.

Yuxuda sidik axitma (Enuresis nucturma) asason 15 yasina qodor usaqlarda, hotta daha yuxari
yaslarda da rast golinir. Yuxuda sidik axitma miixtalif sobablorls izah edilir. Bu sobablor ig¢arisindo
osason usaqlarin qorxmasi, xiisusilo psixoloji travma almasi, kegirdiyi infeksion xastolik, homginin,
torbiyonin geyri-diizgiin aparilmasi, su miibadilosinds bas veron pozgunluq, usaqglarin zoif inkisaf
stirati, yuxunun dorin olmast va s. aid edilir. Xostolik zamani usaqlarda nevroz slamotlori miisahido
olunur. Bu sobobdon do, hoddindon artiq yorgunluqg, psixoloji gorginlik, maye gobulunun c¢ox
olmasi, yuxuda sidik axitmani artirir. Xostoliyin bas vermasi zamani patofizioloji mexanizmi
diensefal morkozlorin eyni zamanda sidik kisosindon sidik ifrazatini tolob olan godor tabeliyindo
saxlaya bilmomosi baximindan izah olunur. Bu iso spinal sidik kisasi refleksinin daha da
yiiksoalmasi ilo naticalonir ki, bu da sidik buraxmaya sobab olur.

Poltoklik — Balbuties kicik yasl usaqglar, xiisusilo 3-4 yash usaqlar arasinda daha ¢ox rast
golinir vo osason psixikaya monfi tosir gostoron, onu zodoloyon soraitlo bagli bas verir. Bunun
yaranmasinda qorxu vo gomginlik osas rol oynasada bir sira hallarda sobob olmadan belo bas
vermosi miimkiindiir. Danisiq zamani1 paltokliyin yaranmasi bu prosesds istirak edon ozalalordo
congolma prosesinin inkisafi ilo baglidir. Ciinki bu zaman qirtlag, tonafflis azalalori cong oldugda
nitq va ayri-ayri saslorin ardicilligi pozulur. Biitlin bunlar xastods rahat danigmaga inami azaldir. O,
elo fikirlogir ki, ¢otin danisa bilocok, sozlori qirig-qiriq toloffiiz edocok. Noticado bu ciir fikir vo
diisiincalor poltakliyi bir qoder do artirir. Xosto tolosdikds, hoyacanlandiqgda daha da poltoklosir.
Ancaq sakit olan zaman sorbast danigsmaq imkani artir, az congolma olur. Daha maraqlis1 odur ki,
xosto mahni oxuduqda poltokliyi askar olmur. Belo bir xostoliyo tutulmus usaq bdyiiyiib yasa
doldugca, sinir sistemi inkisaf edorok formalasir, paltoklik azalir, cox vaxt tamamilo keg¢ib gedir.
Miialico zamani psixoterapevtik vo hipnoz tesirindon istifads olunur.
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Summary
Psychophysiology of neurotic states
Bakhsaliyev AY., Gahramanova A.Y., Yunuszads Z.Q., Azadalieva S.F., HuseynovE.V.

Keywords: neurosis, awakening, retardation, disease, reflex, hysteria, cerebral cortex.

Functional disorders of the central nervous system, such as neuroses, develop as a result of acute stress,
psychological impacts, various diseases, and other causes. Neurasthenia, obsessive disorders, and hysteria are widespread
forms of neurosis. During the illness, the pathology caused by the disruption of nerve activity in the cerebral hemispheres
and subcortical structures is considered a functional, rather than an organic, disorder. Symptoms commonly observed in
these conditions include increased excitability, asthenia, anxious thoughts, involuntary aggressive and rude behaviors, etc.
Treatment involves the use of medications, psychotherapeutic methods, and other approaches.
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Pe3rome
Icuxodusnonornss HeBpOTHYECKUX COCTOSIHUIA
Bbaxwanvies A.E., Kaxpamanoea A.H., FOuyczaoe 3.I., Azaoanuesa C.d., I'yceiinog 3.B.

Knrwouegvie cnosa: nespos, npobysicoenue, 3amednenue, 601e31b, peghiiekc, ucmepus, Kopa 20108H020 MO32d.

@yYHKIMOHAJBHBIE PAcCTPOMCTBA LEHTPaJbHOW HEPBHON CHUCTEMBI, TAaKHME KaK HEBpO3bl, pPa3BUBAIOTCS B
pe3ysbTaTe OCTPOro CTpecca, NMCUXWUYECKHX BO3JCHCTBHM, pPasiM4HBIX 3a00JIeBaHWM W Ipyrux npuuuH. HepacteHwus,
o0ceccHBHBIC PAacCTPOICTBA, UCTEPUS — HTO IHUPOKO pacrpocTpaHEHHbIe GpopMbl HEBpo3a. Bo Bpems Gone3Hu narosorus,
BO3HHUKAIOIAs B pe3yibTaTe HAPYIIEHUS HEPBHOW AKTUBHOCTU B MOJYMIAPUSIX TONOBHOIO MO3ra U MOAKOPKOBBIX
CTPYKTypax, paccMaTpuBaeTcsi Kak (yHKIHOHaJbHOE, a HE OpraHuueckoe paccrpoiictBo. Ilpu 3aboneBaHHAX 4YacTo
HaOJIOJAI0TCSl CUMIITOMBI, TaKHe KakK ITOBBIIICHHAs BO30YIUMOCTb, ACTEHHS, TPEBOXKHBIC MBICIIH, HEIPOM3BOJIBLHBIC
arpeccuBHbIC U IpyOble AEHCTBUS U T.A. B JieueHNH UCTIONB3YIOTCS MEIMKaMEHTO3HbIE, ICUXOTEPANeBTUIECKHIE U JIpyTHUe
METO/IBL
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Coxillik paxlali bitkilorin gobalak xastaliklori
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MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Coxillik paxlaly bitkilorin becarilmasinin tokca Heyvanlar iigiin kifayat qadar
Daxilolma tarixi: 11.02.2025 yem tomin etmadiyini, ham da torpagin yaxsilagsdirilmasina kémak etdiyini
Diizalis tarixi: 28.02.2025 Nazara alsaq, bu ciir akin sahalarinin geniglondirilmasi kand tasarriifatinda
Qabulolunma tarixi: 10.03.2025 enerjiya onast edon texnologiyvalar ¢or¢givasinda zoruri bir addim olacaqdur.

Bundan oalava, coxillik paxlalilar azotu havadan udur, oKsariyyati hava

hissasinda yerlasir, bu da torpagin becarilmasini tosvig edon va humusun
amoalo galmoasini stimullasdiran ala yasil giibradir. Bununla birlikda, bitki
mikozlarimin  téradicisi  kimi torpaq mikrob icmalarmmin  va Xxiisusilo
mikroskopik gobalok komplekslorinin qurulusunu daha atrafli Gyroanmok
vacibdir. Coxillik paxlali bitkilorin (yonca, Kegi, yonca, kapanak otu, esfort)
rizosferindaki mikrokomplekslarin  qurulusu gongalanma morhalasinds -
bitkilorin ¢igoklonmasinin baslangicinda nazarat varianti (Tarla torpagy) ilo
miiqayisala tohlil edilmigdir.

Acar sozlar:

coxillik paxlalilar, ¢aman yonca,
yonca, esfort, kegi otu, kapanak otu,
fitopatogenlar, torpaq
mikokompleksiari

Nozars alsaq ki, coxillik paxlali otlarin becorilmosi heyvanlar1 kifayst qador qgida ilo tomin
etmoklo yanasi, hom do torpagi yaxsilasdirmaga komok edir, belo okin sahalorinin genislondirilmasi
kond tosarriifatinda enerjiyo gonast edon texnologiyalar ¢orgivasinds zoruri addima cevrilocok.
Molumdur ki, c¢oxillik paxlali otlardan heyvanlarin yemi {igiin otlaq vo yasil yem, saman, ot unu
kimi istifads olunur, ¢iinki ¢oxillik paxlali otlarin yem ziilal1 istehsalinda enerji somaraliliyi payizliq
bitkilordon iki-ii¢ dofa, yazliq bitkilordon iso dord-alti dofs yiiksokdir. Bu, amin tursusu torkibindo
balanslasdirilmis zongin protein yemidir. Odur ki, ¢oxillik paxlali otlarin okilmasinin artirilmasi
hozm olunan ziilalin toplanmasinin artmasina, heyvandarliq moahsullarinin vahidina yem sarfinin
azalmasina, azot giibralorinin sorfinin azalmasina sobab olacaqdir. Bundan slave, ¢oxillik paxlali ot
bitkilor azotu havadan udur vo onun ¢ox hissasi onlarin yeristii hissolorindo olur, bu, torpagin
becarilmasino komok edon, humusun omals golmasini stimullagdiran ola yasil giibradir. Coxillik
otlarin becorilmasi zamani torpagin mexaniki xassalori yaxsilagdirilir, kiilok vo su eroziyasindan
qorunur ki, bu da okin, toxum va sopin igiin illik enerji xorclorini aradan qaldirir [1-3]. Bununla
belo, bitki mikozlarinin toradicisi kimi torpaq mikrob icmalarinin vo xiisuson do mikroskopik
goboloklarin komplekslorinin strukturunu daha atrafli yronmok vacibdir. Coxillik paxlali bitkilorin
(comon yonca, kegi otu, yonca, koponok otu, esfort) rizosferindo mikokomplekslorin strukturu
tumurcuqlanma fazasinda - bitkilorin ¢igoklonmosinin baslangicinda nozarat variant1 (alan torpaq)
ilo miigayisadoa tohlil edilmisdir. ©kin vo qullug B.A. Dospehova-nin (1979) iisulu ils, glibro vo
pestisidlorden istifado etmodon zonali kond tasarriifati texnologiyasinin toloblorini nozars alaraq
aparilmigdir [4].

Sahads mikozlarin simptomlart tobii yoluxucu fonda miisyyon edilmisdir. Bitki xastaliklori vo
onlarin patogenlori timumi gobul edilmis determinantlardan istifado etmoklo diagnoz qoyuldu [5]. Bitki
xastoliklarinin geyde alinmasinin asas elementlori xastoliyin yayilmasi, intensivliyi veo inkisafi idi.

Tadqiqat naticalorinin tohlili torpaq mikroskopik goboloklorinin (min CFU/q) azalan sayda
tobligat seriyasini formalasdirmaga imkan verdi: yonca (27,8 + 4,01) — kopanak otu (23,5 + 2,25) —
esfors (18,3 £ 1, 67) — yonca (17,3 + 2,43) — ke¢i otu (13,7 £ 1,21) — ¢omon yonca (12,3 = 1,73).
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Coxillik paxlali bitkilorin rizosferindo mikokomplekslorin név miixtolifliyi nozarot torpagi ilo
miiqayisada kaskin gokilds azalmisdir (boz torpaqda 38 ndvdon rizosferdo 9-22 ndve gadar). CFU
doyorlorindo belo bir artim vo nozarotlo miiqayisado rizosferdo nov miixtolifliyinin azalmasi
mikroskopik gobalaklorin miioyyan ndvlorinin hayati iiclin zoruri olan metabolitlorin kdk sistemlori
torofindon y18ilmasi ilo slagolondirilo bilor. Bu, hom do onu tosdiq edir ki, sum torpaqda paxlal
bitkilorin rizosferinds tosadiifi ndvlor, masalon, Acremonium sclerotigenum, A. oryzae, A. Sydowii,
Chaetomium globosum, Curvularia lunata, Microascus cinereus, Mucor hiemalis, Penicillium
chrysogenum, P. digitatum miioyyan edilmomisdir.

Paxlali otlarda on ¢ox yayilmis mikoz yonca istisna olmaqla, todqiq edilon biitiin bitki
novlorinin yarpaqglarinda vo gdvdslorinds xarakterik agimtil-bozumtul ortiikli toz kiifii (patogen
Erysiphe commun-nis) olmusdur. Belo ki, ¢goman yoncasinda toz kiifiiniin inkisaf vo yayilma
intensivliyl miivafiq olaraq 64 vo 75%, yasil kiitlo mohsuldarliginin olmamas1 iso 50%-1 6tiib.
Yonca vo kegi yarpaglarinda qeyds alinan vo marjinal yarpaq lokasi ilo tozahiir edon alternaria
zararvericisi (patogen Alternaria alternata) iqtisadi cohotdon daha shomiyyatli olmusdur.

Alternaria zororvericisi sobobiylo yasil kiitlo mohsuldarligimin itirilmesi 81% toskil etdi.
Yonca, kopanak otu va esfort bitkilorinde pas askar edilorken, yasil kiitlo mohsuldarliginin 14%
itkisina sabab olmus vo 20% yayilmasi ilo geyd edilmisdir.

Yonca va koponak otu bitkilorinds xarakterik bondvsoyi yarpaq lokasi vo bandvsoyi-qahvayi
kok ciirlimosi ilo bandvsoyi rhizoctonia zororvericisi (patogenlor R. solani, R. violacea) askar
edilmigdir. Fusarium kok clirlimasi (patogenlor Fusarium oxysporum, F. avenaceum) bitkilorin
stirotlo qurumasina vo koklorinin 6limiino sobab olub, qara kif (patogen Alternaria alternata)
yarpaqlarda tlind, az qala qara lokoalorle xarakterizo olunurdu. Bu xastsliklor esfortda qeyd edildi vo
yasil kiitlo mohsuldarliginin 5% daxilinds itkisina sabab oldu.

Yalniz yonca bitkilorinde tiiklii kiif (patogenlor P. aestivalis, P. manshurica) vo sart loko
(patogeni Pseudopezia jonesii) qeydo alinib. Koponok otu, esfort vo yonca pasi (patogenlor:
Uromyces loti, U. onobrychidis, U. striatus) yarpaqlarda vo govdalorde pash lokalor soklinde 6ziinti
gostorirdi (sok.).

Sakil. Bitkilords pas va onun patogenlarinin sporlarinin alamatlori
(Kapanak otu, esfort va yonca)
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Belaliklo, fitopatogen goboloklorin  80%-don ¢oxu yarpaq govdesi qrupunun
niimayondoloridir, masalon, pas, toz kiif, alternaria, cercospora, sar1 loka, tiiklii kiif, septoriya,
rizoktoniya, qara kif patogenlori, qalanlar1 kok yumru qrupu, masslon, Fusarium kok ¢lirlimosinin

patogenloridir. Buna gors do, ¢oxillik paxlali otlarin mikozlarinin an ¢ox yayilmis simptomu yarpaq
lokoalori idi.
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Summary
Fungal diseases of multiple legumes
Aliyeva G.R.

Key words: perennial legumes, clover, alfalfa, esforth, goat grass, butterfly grass, phytopathogens, soil
mycocomplexes

Considering that the cultivation of perennial leguminous grasses not only provides enough food for animals, but
also helps to improve the soil, the expansion of such cultivated areas will become a necessary step in the framework of
energy-saving technologies in agriculture. In addition, perennial legumes absorb nitrogen from the air, and most of it is
in their aerial parts, which is an excellent green fertilizer that helps cultivate the soil and stimulates the formation of
humus. However, it is important to study in more detail the structure of soil microbial communities and especially the
complexes of microscopic fungi as causative agents of plant mycoses. The structure of mycocomplexes in the
rhizosphere of perennial leguminous plants (clover, goat grass, alfalfa, butterfly grass, esforth) was analyzed in
comparison with the control option (field soil) in the budding phase - at the beginning of the flowering of plants.

Pesrome
I'pubkoBbie 3a00/1eBaHNS MHOT0JIeTHUX 0000BBIX
Anueea I'.P.

Knwouesvie cnoea: mmnozonemuue 000608vle, Kiegep, NIOYepHA, ICHApyem, KO3NAMHUK, mpasa 6abouka,
@umonamozenvl, NOUEeHHbIE MUKOKOMNIEKCYI

VYuuThIBasi, 4TO BBIPAIIMBAHWE MHOTOJIETHUX O0OOBBIX TpaB HE TOJBKO 00ECHEYHBAET JOCTATOUYHBIA KOPM JJIst
XKHMBOTHBIX, HO U CIIOCOOCTBYET YIyUIICHHIO TIOYBBI, PAaCIIMPEHHE TAKHX MOCEBHBIX IIOIIA/EH CTaHeT HEOOXOIUMBIM
IIaroM B paMKax SHEpProcOeperaromx TEXHOJOTMH B CElbcKOM Xo3siictBe. Kpome Toro, mMHoromerHue 6000BbIe
pacTeHus NOTJIOMAIOT a30T U3 BO3/yXa, MPUYEeM OOJIbIIasl €ro YacTh HAXOAUTCS B MX HA/3EMHOH YacTH, YTO SBIISIETCS
OTJIMYHBIM 3€JICHBIM YIO0OpEHHEM, CHOCOOCTBYIOMINM 00pabOTKe MOYBBI M CTUMYJHUPYIOIMIMM 00pa3oBaHHE Tymyca.
OpHako BakHO OoJiee AETaIbHO H3Yy4YHTh CTPYKTYPY NMOYBEHHBIX MHMKPOOHBIX COOOIIECTB M OCOOEHHO KOMILIEKCOB
MHUKPOCKOIINYECKUX TPHOOB KaK BO30yauTeNne MUKO30B pacTeHni. [Ipoanann3upoBaHa CTpyKTypa MUKOKOMILIEKCOB B
pusochepe MHOTOIETHHX OOOOBBIX pacTeHUH (KiIeBep, KO3JATHHUK, JIIOLEpHA, TpaBa 0abouka, 3¢(hopT) B CPaBHEHUH C
KOHTPOJIHHBIM BapHaHTOM (TI0JIeBasi M04Ba) B (pa3y OyTOHHM3aIMN - B HA4ase [[BETCHUS PACTCHHUH.
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Sonad dovriyyasinin avtomatlasdirilma prosesinin toskili

isgandarov Olasgar Dlakbor oglu 2E<2

Sumgqayit Déviat Universiteti, Sumqayit, Azarbaycan, professor
sevinc.hesenova@sdu.edu.az

MOQALD HAQQINDA MOLUMAT XULASO

Magalanin tarix¢asi Mbaqgalada miiassisa idaraetma sistemlorinda dolasan sanad ndviari, onlarin

Daxilolma tarixi: 11.02.2025 yaradilmasi,  istifadasi,  elektron  sonad  dovriyyasi  proseslorinin

Diizalis tarixi: 28.02.2025 avtomatlasdirilmast va effektivliyinin aspektlori barads malumatlar verilir. Is

Qabulolunma tarixi: 10.03.2025 axinmmn avtomatlasdirilmasindan avval, tadgiqat, avtomatlasdirma sisteminin
inkisafi va hazirlanmis STEM-in tatbiqi marhalalarinin har biri aydin sokilda

P izlonilir,
Acar sozlar:

miiasisa, sanad dovriyyasi, elektron
sanad doviyyasi, sanad dovriyyasi
sisteminin avtomatlasdiriimasi,
avtomatlasdirma prosesinin
morhalalari

1. Elektron soanad dovriyyasina kecilmasi

Bu proses sonad doOvriyyesinin asanlasdirilmasi {igiin istifado olunur. Bu zaman
sonadlor {izorindo omoliyyatlar siirotlonir vo omokdaslarin istiraki azahir. Ik ndvbodo
bu proses elektron sonod dovriyyasine keg¢moyo vo sonadlorin  hazirlanmasi prosesinin
har bir morhslasini sadalogdirmays imkan verir.

Asagidakit olamotloro goro elektron sonod dovriyyesi 1§ surotinin - artirilmasina
sorait yaradir:
sonadlarin onlayn iisulla gobulu vo verilmasi;
yekun sonadlorin operativ surotdo hazirlanmasi va tosdiqi;
uzaq mosafodon miiraciot imkant;
elektron arxivlords fayllarin etibarli qorunmasi;
omoliyyatlarin tarixlorinin qeydiyyat;
icralara nasaratin olmasi;
omokdaglar va sobalor arasinda senod dovriyyesinin aydin ardicilliqla nizamlanmasi;
formalarin avtomatik doldurulmasi, sablonlardan vo qeydlordon istifado edilmasi
naticasinda sohvlorin azaldilmasi;

9. kanallarin sifrolonmasi vo telekommunikasiyalar vasitosi ilo verilonlorin tohliikasiz

Otiirtilmasi;

10. tokrarlanmalarin aradan qaldirilmasi vo lazimi fayllarin ki¢ik zaman orzinds tapilmasi

liciin vahid baza yaradilmast;

11. miitoxassislorin informasiyaya miiracist hiiquqlarinin genislondirilmasi;

12. gizliliyin tomin olunmasi.

Sonad dovriyyasinin avtomatlagdirilmas: informasiya axinininin idars edilmasini tanzimloyir,
standart omoliyyatlari nizamlayir, sonadlorin horoket marsrutunu tortib edir. Bu zaman
optimallagdirma noticosinds tokrarlanmalar aradan qalxir, toskilatin sonad dovriyyasi sxeminds zaif
hissalor logv edilir. Elektron sonad dovriyyasinds sonadlorin sobolor arasinda miibadilosi zamani
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sonadlori kagizda tokrar etmoyo ehtiyac yoxdur. Bu zaman elektron tosdiqdon istifado etmok kifayot
edir.

Sonod  dovriyyesinin  avtomatlasdirilmast  miiosisonin  digor sistemlori ilo  olagoli
yerina yetirilir. Bu zaman miitoxassislor miixtalif bazalardan eyni verilonlorin axtarilmasi, itirilmlg
verilonlorin borpa edilmosi iglorindon azad olur. Miiosisonin inkisafi zamani sonadlorin qarisiq
sokildo tortibi, sdbalor arasinda verilonlorin pis alagoalor naticosindo itirilmasi va s. naticosinda isin
keyfiyyati vo miitoxassislorin is qabiliyyeti zoifloyir. Noticado lazimi iqtisadi gostericilorin
tapilmas1 miimkiin olmur vo toikilatda asagidaki problemlor yarana bilor:

1. struktur bolmalarinin islori arasinda miixtslifliyin yaranmasi,

2. verilonlorin voziyyatinin tamliginin pozulmasi;

3. omok mohsuldarliginin asag diismasi;

4. miitoxossislorin ¢ap, arxiv yaradilmasi, idaroetmo strukturlar1 daxilindo olagolor {igiin sorf
edilon vaxtlarin artmasi, sonadlorin bazilirinin itmosi halarinin bas vermasi.

Elektron sonad dovriyyesi bu hallar1 aradan gqaldirmaga komok edir, kagizli sonod
dovriyyasinin ¢atigmazliglarin1 logv edir, sonadlorin horokati prosesini siirotlondirir, sonad
dovriyyssini strukturlasdirir, sonadlor vahid bir arxivde yerlosir, axtaris iiclin vaxt azalir. Sonad
dovriyyesinin avtomatlasdirilmasi ¢ox zaman miiosisonin digor idaroetmo funksiyalari ilo birlikdo
hoyata kecirilir. Bu zaman sonadlorin idaro edilmasi biitiin idarsetms periodu orzinds yerino
yetirilir. Bu zaman miitoxassislorin miixtalif forqli masololori segmok vo axtariglart togkil etmoya
sorf olunan vaxtlarina gqonaat edilir.

Sonad dovriyyesinin avtomatlagdirilmasinin asagidaki tistiinliiklori vardir:

1. Kagzlarla islomo c¢otinliyi aradan qalxir. Elektron sonod dovriyyesinde kagiz
sonadlori ¢ap etmok, gondormok, geydiyyat proqramina verilonlori ol ilo daxil etmok
lazim  golmir. ©l omoyi ve insanmn istiraki  minimuma endirilir, kagizlarin oldo
edilmisi vo gondorilmosi iglin  sorf olunan maliys xorclori azalir, isgilorin daha
miinasib moasalolorlo  mosgul olmast {iclin - vaxtlarnn artir, arxivlordo kagiz saxlamaq
ticlin yerlor bosalir.

2. Biznes proseslor siirotlonir. Olagali sobolor arasinda sonadlorin  Otliriilmasi  bir
kompliter omri ilo yerino yetirilir, qisa vaxt orzindo aktlar, hesabatlar, razilasmalar
uygun yerlors Stiiriiliir.

3. Verilonlor strukturlagdirilir. Sistemdo hor bir fayl vo onun {izorindo omoliyyatlar,
masalalarin hall vaxtlari avtomatik sokildo qeyd olunur, fayllar etibarli sokildo qorunur, onlarin
axtartg vaxtlart minimuma endirilir. Senad dovriyyosinin avtomatlasdirilmas: zamani bdlmalor
olagoli sokildo foaliyyot gOstorir, informasiya qorunur, sorv etmo riski sifira enir. Bu zaman
mohsuldarliq artir vo miiasisa yliksok soviyyayo yiiksalir.

Belliklo, sonod ddvriyyes: dedikdo - miissisado sonadlorin yaradilmai vo ya alimmasindan
yerind yetirilmosino qodor biitlin gobuletmo, paylanma, nozarst, icra, islorin formallagdirilmasi,
saxlanmasi, tokrar istifade olunmasi vo digor islor kompleksi nozords tutulur. Elektron sonad —
elektron tisulla, kagizsiz sokilds tortib olunmus vahid mexanigmdir. Bu zaman masinla oxuna bilon
sonad dedikde -onda olan informasiyanin magqnit, optik vo digor informasiya dasiyicilarinda
saxlanan sanad nazords tutulur. Elektron sonad elektron imza vasitasi tocdiq olunur va dastyicilarda
xtisusi fail soklindo saxlanilir. Elektron imza - ol ilo yazilan imzanin analoqudu, informasiyanin
tamligin1 vo haqiqiliyini tomin edir.

2. Sonad dovriyyasinin avtomatlasdirilma marhalalari.
Bu morholols asagidakilar aiddir:
— Avtomatlagdirma layihosindon avvalki todqiqatlar;
— Avtomatlagdirilmis sisteminin hazirlanmast;
— Avtomatlagdirilmis sonod dovriyyasi sisteminin totbiqi.
Bu morhalslarin qisa izahi verak.
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Avtomatlagdirma layihasindon avvalki todqiqatlar morhalosi. Bu morholods sanadlor iizorinds
islor hans1 qayda ilo aparildigi miioyyon edilir. Eyni zamanda kompiiter vo digor texniki vasitalorin
lazimi giicliniin olub-olmadig1 miisyyen edilir. Bundan slava sanad dovriyyasinde kimin isloyacayi
vo kimo lazim olmasi miioyyan edilir. Biitiin bunlar1 miioyyon etmok {i¢iin miitoxassislor lazimdir vo
bu morhalo miigavilo baglanmazdan ovval yerino yetirilir. Noticodo miiosisein sonad dovriyyasinin
goyulmus normativlors uygun olmasi, hansi programdan isifado rdilmosi, neg¢o is yerinin
avtomatlasdirilmasi, kompiiter texnikasinin tokmillogdirilmasi, sobokonin agilmasi va istifadogilorin
Oyradilmasi {iclin no godor vaxtin lazim olmasi miioyyon edilir. Avtomatlasdirilmis sonod
dovriyyesi sisteminin hazirlanmasi morholosi. Bu morholo layithslondirme iiciin osas sayilir.
Mogsadi mtodik hisssoys “Sonad dovriyyosi” sistemini totbiq etmokdir. Bu sistemin tam sokildo
totbigindon layihonin miivaffaqiyyati c¢ox asilidir. Miitoxassislor adoton miiosisoys médveud
qaydalar1 oldugu kimi totbiq edir vo yaradici isgiloro isin optimallastirilmasi iiglin metodik
gostoriglor verirlor. Adoton laayiha {izorinds is zamani sifarig¢inin mosul isiclori istirak edirlor. Bu
is¢iloro informasiya texnologlar1 daxildir, amma bu onlarn torkibindo sonod ddvriyyesini totbiq
etmoyi bearan miitoxassislorin olmasi vacibdir. Beloliklo, bu marholodo asagidaki islor goriilmalidir:

1. sonad dovriyyssi haqqinda qaydanin aktuallagmasi, tam sokilo gotirilmasi vo ya
yaradilmast;

2. avtomatlagdirilmali olan biitiin proseslorin tapilmasi vo genis sorh olunmas;

3. sonadlorin hazirlanmasi, onlarin névlarinin vo formalarinin miisyyon edilmasi;

4. sonadlorin horokat marsrutlarinin toyin edilmasi;

5. islerin yerina yetirilmos ardicilliginin aktuallagdirilmasi vo tamliginin toyini.

Hazirlasma morholosinin  yekunu sistemin ovvalco sinaq, sonra iso sonaye istismarina
verilmasi planinin hazirlanmasidir.

Avtomatlasdirilmis sonod dovriyyasi sisteminin totbiqi morhalosi. Hazirlig maorholosin
tamamlandiqdan sonra sistemin yaradilmasi yerino yetirilir. Togkilatin sonod ddvriyyasinin
avtomatlasdirilmasi maksimal tam sokildo aparilir. Bu proqrami sonadlorlo isloyon biitiin
miitoxossislorin ig yerlorindo qoymaq lasimdir. Sond ddvriyyesi sisteminin totobiq ardicllig.
Totbiqin asagidaki ardicilligla yerina yetirilmasi tovsiyo olunur:

1. Sifariglorlo is avtomatlagdirilir. ©vvolco hazirlanan sonad dovriyyasi sonadi miigaviloni
hazirlayan vo olagolondiron miitoxassislora verilir. Sonra oraya miigaviloys viza qoymaq hiiququ
olan vo arxivin aparilmasi tigiin cavabdeh olan miitoxassislor olava edilir;

2. Daxil olan sonadlorin avtomatlagdirilmast yerino yetirilir. Daxil olanlar1 katib
geyd edir, sonra sonod icragilara, yoni $Obo miidirlorino vo cavabdeh miitoxassisloro
verilir. Miiqvilo ilo mosgul olan miitoxassislorin bozilorinds proqramlar verilmis olar,
bu halda yalniz lazimi funlsionallar slave olunmalidir;

3. Homin qayda ilo daxili sonadlor avtomatlagdirilir: funksionali artiq modvcud olan
is¢ilor  yerlordo qoyularag, belo sonod ndvlori ilo mosgul olan miitoxassislorin
kompiiterina proqramlar yazilir.

Beloliklo  daxil olan  sonodlorin  vo  togkilatda bas  veron  biitliin  islorin
avtomatlasdurilmasi yerino yetirilir.

3. Notica

Gostorilon metod optimaldir, sistemin ardicil totbiqi yavas-yavas bas verir, belo ki, sifarisci
is yeri {li¢iin lazim olan sifarisi birbasa deyil, optimallasdirimasi ilo parallel alds edir. Yoni elektron
sonad dovriyasino kegid prosesino uygun olaraq iscilorin yenilosmoys miiqavimoti minimallagir.
Noticodo sonadlorls isloyon biitiim iscilorin is yerlori avtomatlasdirilir. Avtomatlasdirilmis sonad
dovriyyesi sistemi idaroetmo prosesini maksimum doracado somoralilogdirmoys imkan verir.
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Summary
Organization of document automation process
Iskanderov A.A.

Keywords: Enterprise, document circulation, electronic document circulation, document circulation system
automation, stages of the automation process
The article provides information on the types of documents circulating in enterprise management systems, their
creation, automation of he processes of their use, electronic document circulation, and its efficiency aspects. Each of the
stages of conducting research, developing an automation system, and implementing the developed
system are clearly examined before document circulation automation.

.Pesrome
Opranusanus npouecca aBTOMaTU3aALMU JOKYMEHT0000poTa
Hckenoepos A.A.

Knrouesvie cnosa: npeonpusmue, OOKYMEHMOOOOPOM, IAEKMPOHHBIIL OOKYMEHMOOOOPOM, A8MOMAMU3AYUS
cucmembl OOKYMeHmMo060poma, 5mansi NPOYecca adgmoMamu3ayuu
B crathe mpencraBicHa WH(pOpPMANUSA O BHAAX JOKYMCHTOB, IMPKYJUPYIOIIUX B CHUCTEMaxX YIPaBJICHUS
MPEANPUATHIMY, aBTOMATH3AI[MK MPOIECCOB HX CO3JaHUsS, HCIOJB30BAHHUS, DJIEKTPOHHOIO JOKYMEHTOO0OpOTa,
acriektax ero 3¢dexrusnoctu. [lepen aBromMaTu3aieil JOKYMEHTO000POTA YETKO MPOCIIEKUBACTCS KAXK/IbIN U3 ITAMOB
MPOBEJICHUSI UCCIIeIOBAHMMN, Pa3pabOTKU CHCTEMbI aBTOMATU3AIMU U BHEpeHHs pa3paboTanHoro STEM.
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Qazma alatinin tutulmasinda Bernulli giivvasinin rolu
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MOQALD HAQQINDA MOLUMAT XULASO
Magalanin tarixgasi Neft va qaz quyularimin qgazilmasi zamanm miixtalif asasli vo reofiziki
Daxilolma tarixi: 04.11.2024 xiisisiyyatlora malik olan qazma mohlullarindan istifads olunur. Tacriiba
Diizolis tarixi:23.12.2024 gastarir ki, qazilan siixur qurintilary, hansi ki, gil, polimer va.s mahlullara
Qoabulolunma tarixi: 16.01.2025 qarisaraq yer sathina ¢ixarilir, mahlulun reodinamikasina ahamiyyatli tasir
etmaklo yanasi, onu daha faoal multifazali axina ¢evirmis olur. Mexaniki
Acar sézlor: hissaciklor rolunu oynayan miixtalif diamterli stixur qurintilart dispers dispers

Bernulli qiivvasi, gazma alati, statik Jfaza rolunu oynamus olur. Fazalarin qarsiliqh tasirina asasan en kasik boyu

tozyiq, fiziki model, qazma mohlulu, doyison tozyiq qradiyentinin yaratdigr va silindirik axinin markazina dogru

tozyiq qradiyenti yonalmis Bernulli qiivvasinin hesabina qeyd olunan siixur hissaciklorinin
miqrasiyast va bunun qazma alatino istiqamoatlonmoasi naticasinda qazma
alatinin tutulmast hali miimkiindiir. Maqalada tutulma halimin bas vermasi
asaslandirilmis ~ vo  baslica  sobab  olan  Bernulli  qiivvasinin
qiymatlondirilmasina baximisdir

1. Giris

Molumdur ki, multifazali, o climlodon qazma mahlullarinin strukturu kanalin orentasiyasi vo
horokot istigamatindon ¢ox asilidir. Bels ki, bu axinlarin vertikal boruda yuxaridan asagi vo oksino
agsagidan yuxari, eloco do horizontal istigamotli horokoti zamani onlarin xarakteristikalar1 bir-
birindon ohomiyyatli doracods forgli olur. Enerjinin saxlanmasi ganuna uygun olaraq tok uzunluq
boyu deyil, axinin en kesiyi boyu da qradiyent-siirot sahosi formalasdigindan [1,2,3] dasiyic1 dispers
miihit dispers faza hissaciklorini axmin oxu boyu, 6z niivesindo dasimaga qadirdir. Bernulli
qiivvasini, hansi ki, silindrik axinin konarlarindan morkozo dogru istigamatlonmis olur, hesabina
homin hissaciklor (mexaniki, gaz, su vo s.) ¢ox asanligla axinin oxuna yonolmoklo, dasiyict miihititn
niivasindo horokot etmis olur [4]. Malumdur ki, bu ciir axinlar zaman1 asason agirliq, Arximed, vo
Bernulli qlivvelori (siirtlinmo vo inersiya qiivvolorini nozoro almasaq) aktiv qlivvelor olmagla
cokmo, miqrasiya hadisalorinin bas vermosino sobab olur [5,6,7] . Aydindir ki, bu qiivvalorin
istigamati boalli olsa da, multifazali axmin istigamatindon asili olaraq onlarin tosiri miixtolif
olacaqdir. Belo ki, vertikal asagidan yuxari vo oksino olan axinlarda Arximed vo qravitasiya
qiivvalari bir-birinin oksing, Bernulli qiivvasi iso onlara perpendikulyar yonolmis olacaqdir.
Horizontal axmlar zamani iso hor {i¢ qlivvonin istigamoti axma perpendikulyar olmagina
baxmayaraq, Bernulli qiivvasi konarlardan axinin oxuna perpendikulyar, Arximed vo qravitasiya
qiivvalori do bir-birinin oksine olmaqgla oxa perpendikulyar yonolocokdir. Sxematik olaraq bu
qiivvalorin horizontal istiqgamatli axinlarda istigamatlori sokil 1- do gdstorilmisdir.
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Fg — Bernulli qiivvasi, Fa — Arximed qiivvesi, Fp — Qravitasiya qlivvasi
Sakil 1. Multifazali horizontal axinlarda aktiv giivvalarin istiqamati

Asagida axin siirotinin artmasi ilo en kosik boyu daha da intensivlogon statik tozyiq

gradiyentinin (Z—I;) formalasdirdig1 Bernulli qiivvasinin arasdirilmasi, giymatlondirilmasins va alstin

tutulmasina tasirino baxilmisdir.
Silindirik boruda axan mayedo zarraciys tasir edon qilivvalorin avazloyicisini Nyutonun ikinci
ganunu ilo ifado edok:
F =ma 1)
Burada, F- cisma (zarraciys) tasir edon qiivvalarin avazlayicisi (N);
m —zarraciyin kiitlasi (Kq),
a- cismin horokat tocildir (m/s?).

Tacil siiratin doyisma yeyinliyini xarakteriza etdiyindon onu % ilo ovaz etmok olar. Zarraciyin

kiitlosini onun sixligi (p) Vo hocminin (V) hasili kimi yazmaq miimkiindiir. Zarrociyin sferik
oldugunu qgabul etsak, onun kiitlasini agsagidaki ifads ilo tayin etmok olar.
m = 0.167nd3 x p 2)
Burada, d-zarraciyin diamteridir (m);

Yuxaridaki (1) ifadasinds (2) ifadssini va % ifadasini nazoros alsaq, asagidaki ifadoni aliriq:
F =0.1671d3 = p * % ©)

Burada, %—sﬁratin doyismo yeyinliyini xarakterizs edir va cismin tacilidir (m/s?).

Sonuncu ifadoni dr ifadasine vurub bolsak, onda alariq:

d d d

Burada, v — gazma mohlulunun axin siirati (m/s);

% — en kasik boyu siiret gradiyentidir (s™).

Beloliklo alinan sonuncu ifado en kasik boyu aximin morkozino dogru yonolmis Benulli
qiivvesinin necs doyismosini arakterizo edir. Bernulli giivvasinin ifadssini Bernulli tonliyino asason
miioyyanlosdirmok olar. Molumdur ki, hondasi basqini nozors almasaq, enerjinin sabitliyini
asagidaki kimi iafds etmak olar:

P+ %pvz = const (5)

Burada, v-siirat (m/s);

P- verilmis noqtados tozyiq (Pa); p mohlulun sixligi (kq/m3);
g- sorbostdiismo tocili (m/s);

Bernulli ganununa uygun olaraq axinin yeni fiziki modeli sokil 2-do gostorilmisdir. Yeni axin
modelina gora en kasik boyu statik tozyiq doyisir, statik vo siirat tozyiglorinin comi, yani tam tozyiq
IS0 sabit qalir.

Miiaqayiso ti¢iin geyd edok ki, axinin kéhna fiziki modelina gora isa en kasik boyu tam tayiq
(Po) deyil, statik tozyiqin sabit olmasi sarti gobul edilmisdir.

61



Ismayilov Q.Q., Bliyev R.H., Quliyev O.P. | Scientific News 25 Issue 1(2025)

Nozoro alsaq ki, axinin baxilan en kasiyinds (5) ifadasine uygun olaraq statik vo siirot
tozyiglarinin comi doyismazdir, onda yazmagq olar:
d 1
ar (Pt 5pov?) =0 ©
Sonuncu ifadadan en kasik boyu tazyiq gradiyentinin doyismasini xarakterizo edon asagidaki
ifadoni almis olurugq:

dpP dv
—— = pv (7
Pﬁt - Pmax
R P sur

min

r=R->P =P, r=0->P=Pyn
Sakil 2. Aximin yeni fiziki modeli (statik va siirat tazyiqinin dayismasi)

(7) ifadasini (4) barabarliyindo noazors alsaq, Bernulli qiivvesi {iglin asagidaki ifadoni almis
olariq:

Fg = —0.167md % (8)
Burada, d - gazma mohlulunda olan mexaniki hissaciyin diametri (m);
Z—‘: - axinin en kasik boyu tozyiq gradiyentidir (Pa/m);
Axinin en kosik boyu 6tiirma horakoti uzunluq (hiindiirliik) boyu tozyiq qradiyentinin tasiri

altinda, miihitin horokoti fonunda bas verir. Orta sorf siirotinin ¢oxalmasi ilo axinin turbulizasiyasi
da artir. Ona gora ki, siiratin ¢oxalmasi ilo en kasik boyu tozyiq gradiyenti daha intensiv olaraq

coxalir. Tozyiq qradiyentinin fazalarin xiisusi ¢akilori forqindondon boyiik qiymatlorinds yani, (2—1:

= (Pmn — Pm)g ) oldugda, mexaniki siixur hissaciklorinin Bernulli qiivvasinin tosiri altinda axinin
morkazina, basqa sozlo gazma alstino yonalmis miqrasiyast bas verir. Qeyd olunan sorti nazara
almagqla Bernulli qiivvesinin giymatlondirilmasi ti¢lin asagidaki ifadoni alariq:
Fp = 0.1671d*(pmn — Pm)d
Burada, p,y, , - mexaniki hissaciyin sixligi (kq/m®);
Pm - gazma mohlulunun sixligi (kg/m°);
g — sorbastdiismo tacilidir (m/s?).

Sonuncu ifadodon goriindiiyii kimi, slindirik axinda borunun divarindan axinin morkozino
dogru yonalmis Bernulli qilivvesi mexaniki hissaciklorin vo mayenin (qazma mohlulunun)
sixliglarinin forqi vo mexaniki qirintilarin diametri ¢oxaldiqca shamiyyatli doeraceds artmis olur.
Pm.n paramterinin sabit qiymetinde bu qiivvenin mexaniki hissaciklorin diamterinin vo qazma
mohlulunun sixliginin artmasi ilo artmasi ilo doyismasi sokil 3 vo 4-do verilmisdir.
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Fg, 103N

Fg, 106N
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Sakil 3. Bernulli giivvasinin mexaniki hissaciyin diametrindan asililig
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SaKil 4. Bernulli giivvasinin qazma mahlulunun sixligindan asililig

Sonuncu ifadedon vo sokil 3 vo 4-don goriindiiyli kimi, siixur qurntilarinin kigik
diametrlorindo belo disperslik dorocesi ¢ox olmasma baxmayaraq onlarin axinin markozine
miqrasiyast qacilmazdir. Doyison tozyiq qradiyentinin yaratdigi Bernulli qiivvesinin tesirindon
qazilmig siixur hissociklorinin diametri boyiidiikco onlarin
miqrasiya olunmasi (dasinmasi) hesabina siirtiinmaqiivvalarini xeyli artirmasi va alstin tutulmasina
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sobob olmasi miimkiindiir. Hesablamalarda qazilmus siixur hissociklorinin sixligi 2700kg/m® gebul
edilmisdir.

Notica

Multifazali qazma mohlullarinin gravitasiyali axin zamani en kosik boyu doyison tayiq
gradiyentinin yaratdig1 vo axinin marksina dogru yonalmis Bernulli qlivvasinin tasirindon gazilmis
stixur hissaciklorinin gazma alstine dogru miqrasiyast naticasinds alotin tutulmasimin bas
vermasinin mimkiinlityli vo qazima zamani miixtalif mohlullar tigiin Bernulli qiivvasins tasir edan
amillor nazars alinmagqla onun qiymatlondirilmasi aparilmisdir.
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Summary
The role of the Bernoulli force in stuck pipe
Ismayilov G.G., AliyevR.H., Gulubayli A.P.

Key words: Bernoulli force, drill string, static pressure, physical model, drilling fluids, pressure gradient

During the drilling of oil and gas wells, drilling fluids with different basic and rheological properties are used.
Experience shows that drilled mechanical rock particles, which are mixed with clay, polymerand other drilling fluids
and transported to surface, have a significant effect on the rheodynamics of the drilling fluids, and turn it into a more
active multiphase flow. Mechanical rock fragments of different diameters, which play the role of mechanical particles,
play the role of dispersed phase. Based on the interaction of the phases, it is possible that the drill string can be stuck as
a result of the migration of the rock particles in direction of the drill string because of the Bernoulli force directed
towards the center of the cylindrical flow caused by the pressure gradient that changes along the cross-section. In the
article, the occurrence of stuck pipe is explained and the evaluation of the Bernoulli force, which is the main reason, is
considered
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Pe3rome
Poab cuibl BepHy/iin B npuxsarte OypuJbHBIX YCTAHOBOK
Hcemaiivinos I'.T'., Anuee P.X., I'vayoeiinu A.I1.

Knrouesvie cnosa: cura bepnyniu, Gyposoil uncmpymenm, cmamuueckoe OdaeleHue, Qusuyeckas mMooen,
0yposoll pacmeop, epacuerm 0asneHus

Ilpn Oypenun HEPTAHBIX M Ta30BBIX CKBAXHMH HMCHOJNB3YIOTCS OYypOBBIE pPAaCTBOPBI C Ppa3iUYHBIMU
PEOJIOTHYECKUMH CBOWCTBAMHU Ha pa3HOW ocHOBe. ONBIT IOKa3bIBAET, YTO MPOOYpPEHHBIE OOJIOMKH TOPHBIX IIOPOJ,
CMELIaHHbIE C TJIMHUCTHIMHU, MOJMMEPHBIMH M Jp. PACTBOPaMHM M IOJHATHIE HA IMTOBEPXHOCTh 3€MJIM, OKa3bIBAIOT
CYIIECTBEHHOE BIIMSIHME Ha PEOAMHAMUKY pacTBOpa, MpeBpainas ero B Oojee akTHBHBIA MHOrodasHslii moTok. Ponb
JIICIIEpPCHOM (Da3bl BBIMOJHSIOT MEXaHWYECKHE YacTUIBI, IPEICTaBJICHHBIE OOJOMKAaMH TOPHBIX MOPOJA Pa3HOTO
nuamerpa. Ha ocHoBe B3aumopeicTBus (a3 BOZMOXKEH 3aXBaT OypOBOrO MHCTPYMEHTA B Pe3yJIbTaTe MUTPAL[MH YaCTHI
HOpOIObl M WX HampaBieHUs K OypoBOMY HMHCTPYMEHTY 3a CYeT CHIbl bepHyJUlHM, HampaBIeHHOH K LEHTPY
UJIMHIPUYECKOT0 TI0TOKA, BEI3BAHHOIO OJarogapsi rpaJieHTy JaBJICHHUS MEHSIOIEMYCh 0 TIONEPEeYHOMY CeUeHHIo. B
CTaThe pPaccKa3aHO O BOSHUKHOBEHHH IIPHXBATa M PACCMOTpPEHA OLCHKA CHIIBI bepHyIuTH, KOTOpas sBIIeTCs OCHOBHON
NPUYMHON TaHHOTO SBJICHHS.
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MOQALD HAQQINDA MOLUMAT XULASO
Magalanin tarixgasi Isin maqsadi diglorin kopyalanmast ila daslama amaliyyati zamani texnoloji
Daxilolma tarixi: 28.12.2024 ¢ixis parametrlarinin formalasmasumun sistemli tahlilini aparmag, amoliyyat
Diizalis tarixi: 24.01.2025 Somoaraliliyini artirmaq tigiin birbasa va dolayr metodlarin iglonmasi Va
Qobulolunma tarixi: 24.02.2025 simaqdan kegirilmasidir
Acar sozlar:

texnoloji alagalar, miirakkab sathlor,
pardaglama, altsistem, birbasa, dolayi

1.Giris

Senayenin elo bir sahosi yoxdur ki, orada disli ¢arx Otlirmolorindon istifade olunmasin.
Bununla yanasi, comiyyotin yiiksok doqiqlikli vo istismar gostorcilorine malik olan miixtolif
toyinath vo ¢esidli texniki vasitolors tolabati da fasilasiz olaraq artir. Disli ¢arxlarin dislorinin is¢i
sathlori vo disli ilismolorin keyfiyyot gostoricilorinin, belsliklo do onlarin istismar gostaricilorinin
yliksoldilmasindo dislorin suratkdgiirmo ilo pardaglanmasindan genis istifado olunur [1-3]. Bu
konteksdo, dislori surotkd¢lirma ilo pardaglama keyfiyystinin vo somaraliliyinin yiiksaldilmasi 6z
aktuallig ilo forglonir.

Aydindir ki, istonilon sothin material ¢ixarma ilo formalasdirilmasinda gézlonilon texnoloji
tominat vo naticolor onu dnlayan va bu sathlo istor konstruktiv vo istorsa do texnoloji baximdan
funksional alagads olan sathlorin gostoricilorindon asili olur [1, 8-9]. Odur ki, dislorin suratkdgiirma
ilo pardaglanmasi prosesindo on yiliksok texnoloji vo iqtisadi noticolor bu omoliyyatin sistem
analizino osaslanan miixtolif toyinatli innovativ todbirlorin reallagdirilmas: ilo oldo edils bilar.
Digpardaglamanin sistem analizi hom amaliyyatin 6zline moxsus texnoloji tadbirlorin -birbasa vo
hom do onu 6nloyon omoliyyatlara moxsus toadbirlorin - dolay1 yolla askar edilmasi vo idars edilmasi
iisulu vo vasitalorinin islonmasi iigiin on rasional metodiki mexanizmdir.

2.Masalonin qoyulusu

Hor bir texnoloji amsliyyat, o climlodon suratkdciirms ilo digpardaglama, onun yerina
yetrilmasi ilo bagli olan 6zal elementlar, onlar arasindaki tosir mexanizmlari va olagolor kompleksi
bir sistem togkil edir. Bu sistem onunla alagadar olan vo onu dnloyon basqa alt sistemlarls birlikds
iist-ali sistemi togkil edirlor. Beloliklo suratkdciirms ilo digspardaqlamada disli ¢arxin materiali vo
onun iiclin pastahin formalasdirilmasinda istifado edilon vo istirak edon iisul, vasira vo olagoler,
hamginin digkosmo vo onu Onloyon, onunla birbasa olagadar olan firlanma, isgil vo ya silis
sothlorinin emali, termiki emal ilo bagl olan hor ciir konstruktiv, texnoloji, statik, kinematik vo
dinamiki olagolor, elementlor vo ¢evrilmoalor ¢cox miirokkob sistem toskil edir. Surotkd¢lirmo ilo
dispardaglama iso bu sistemin tist sistemidir. Digpardaglamanin ¢ixis texnoloji parametrinin har biri
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onunla birbagsa olagodo olan sistemin hor ciir toskiledici vo torkib elementindo bas veron
cevrilmoalorin tozahiiriidiir. Demali, suratkdgiirms ilo dispardaglamanin keyfiyyati vo mohsuldarligi
ilo bagli mosalolori somoroli holl etmok iigiin, digspardaglamada keyfiyyotin tomin edilmosi
mosalasing hor ciir alt sistemlori do nozors almaqla sistemli yanagsmaq lazimdir.

SKiDP texniki istehsal sisteminin biitovliiliik vo emerjentlilik xassalorinin tomin edilmasi ilo
onun dekompozisiyasi osasinda ierarxiya sxemi tortib edilmis, ierarxiya olagolorindon istifado
etmoklo somoraliliyi yiiksoltmonin holledici masalalori segilorkon sistemin konstruktivlilik, torkib
elementlorinin yontimliiliik vo garsiligh alaqge, texnolojilik vo mogsadyoniimliiliilk slamatlorindon
istifado edilmis, mikrosaviyyada, alt va iist sistemlor daxili vo onlar arasinda oslagolor va qarsiligh
tosir nozaro alinmagla todqiq edilmidir.

Sistemli analiz ilo miisyyan edilir ki, SKiP somoraliliyinin yiiksoldilmasi hom birbasa hom
do dolay1 todbirlorlo hoyata kegirilo bilor (Sokil 1). SKiP somorsliliyinin dolay1 yiiksaldilmasinin
mahiyystini pardaqlamada istifado olunan disli ¢arx-pastah ii¢lin 6n yarimsistemlordo aldo olunan
texnoloji naticalorin, keyfiyyotin yiiksaldilmasi vo s. texnoloji proseslorin uygun ¢ixis parametrlori
arasinda irsi kegmo prinsipinin cari dis pardaqlamaya-iist sistemo tosiri toskil edir. Belsliklo iist
sistemdo alinan pozitiv naticalor yalniz alt sistemlordo goriilmiis konstruktiv vo texnoloji tadbirlorin
sobab-naticasi olur.
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Diskasma oncasi alt sistemlards materialin,
xarici va disformalasmada texnoloji baza
sathlarin keyfiyyatinin yiksoldilmasi

Sakil 1. SKiDP samoaraliliyinin yiiksaldilmasi istigamatlari va yollar: sxemi

Qeyd etmoliyik ki, mdvcud odobiyyatlarda [1, 4] Oncodon emal olunmus sothlorin
keyfiyyatinin cari omoliyyatda vo ya gedisdo formalasan sothin keyfiyyat parametrlorine tosiri
irsilik prinsipi ilo olagalondirilir vo diizolis omsali ilo qiymotlondirilir. Odur ki, bu halda st sistem
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olan SkiP somaraliliyinin yiiksoldilmasinde onun alt sistemlorinin idars edilmasi, onlardaki
cevrilmolor vasitosi ilo {ist sistemin somoraliliyinin yiiksoldilmosi sistemli arasdirilmali,
somaraliliyin birbasa yiiksaldilmasi imkanlar1 ilo miiqayise edilmali, qiymotlondirilmali vo natico
gobul edilmoalidir [11, 12].

Fasonlu sothlori pardaglama somarsliliyinin birbaga yiiksoldilmasinin mahiyyatini yalniz iist
sistemo birbasa aid olan, bu sistemin elementlorindo yerino yetrilon doysikliklor, ¢evrilmolor vo
idaro etmolorlo somaraliliyin yiiksoldilmoasi togkil edilir. Buraya yalniz digpardaglama texnoloji
prosesini idaro etmoklo pardaglama keyfiyystinin, mohsuldarligin yiiksoldilmosi vo onlarla bagh
olan texniki vo texnoloji todbirlor daxildir (Sakil 2).

Sistemin analizi ilo miioyyon edilir ki, SKiDP somoraliliyinin birbasa yiiksoldilmosi
pardaglamada dislorin parametrlorinin doqiqliyi, onlarin sathlorinin nahamarliq ve soth qati
keyfiyyatlorinin, mohsuldarligin sirf dispardaglamaya aid olan todbirlorle yiikssldilmasi vo texnoloji
sistemin torkib elementlorinin avtomatlagdirilmasi vo mexaniklogdirilmasi ilo hoyata kegirilo bilor.

Dislorin suratkdgiirmo ilo pardaglanmasi iizro aparilmis todqiqat islorinin vo prosesin sistem
analizinin noticosi olaraq SKiDP somaraliliyinin yiiksaldilmasinin asagidaki istiqgamatlori qobul
edilir:

- pardaglamaalti minimum vo maksimum emal paylarinin masinqayirmada qobul edilmis

hom nazari vo ham ds tacriibi osaslara sdykonan qiymatlorinin tomin edilmasi ilo, dolayz;

- dispardaglamada faktiki kosmo dorinliyinin AzTU-da islonmis tsulla [3] azaldilmast

hesabina gedislorin saymin azaldilmasi ilo, birbasa;

Mosaladlarin halli. Silindrik disli ¢carxlarin
dislorinin pardaqlanmasi iiciin emal paymin
taskiledicilorinin ryazi modellori. Qoyulmus
mosalonin  holli masingayirmada qobul edilmis
metodikaya osaslanir vo pardaglanacaq sothlords 6n
keciddo-diskosmodo  formalasmis  forma  vao
yerlogdirma xaotalarini, pardaqlanacaq dislordo emal
bolgosindo formalasan yerlosdirmo xotalarin1 vo
onlarin emal payma tosir mexanizmlorini nozors
almaqla hall edilir.

Disli  ¢arxlarin  standart  parametrlor
dastlorini, onlarin mexaniki emal pay1 ilo alagolori
baximindan dord qrupa bolmak olar:

1. Emal pay1 ilo timumilosdirilmis olagolori
olan parametrlor. Onlar disli ¢arxlarda, dislords bir
neco elementar xotalarin iimumilosdirilmis formada,
olagasini komiyyatco ifado edirlor. Masalon, disli
carxin on boylik kinematik xotasi, disli ¢arxin bir
dovriindo  Olgiilmiis morkozlorarast  mosafonin
doyismosi, disli ¢arxin tsiklik xotalari vo sairo bu

Mbohsuldarhigin ytikseldilmaesi

Isci gedislarinin saymin azaldilmasi

Kosmo rejimu1 elementlorinin optimallagdirilmast —
Avtomatlagdirma, mexaniklagdirma

Coxyerli- coxmdvqeli pardaglamadan istifads

Dazgahmn 1dara edilmasinin optimallagdiriimas:

Kémokei gedislorin trayektortyalarmn qisaldilmasi ——
Yerlogdirmo vaxt normalarinin azaldilmast

Sakil 2. SKiDP mohsuldarhigmn yiiksaldilmasi ~ qobildondir. Emal paymin toyin edilmoasi Ugiin

sxemi onlardan istifado edilmosi, moagsodouygun hesab

edilmir. Ciinki, bu halda belo xotalarin torkibindoki

toskiledicilordon bozilorinin minimum emal paylarinin diisturunda tokrar istifadosi ehtimali yaranir.
Bu magsad ii¢ilin onlarin ilkin komponentlari daha somarsli vo daha daqiq naticalor veracakdir.

2. Hor bir dis ticiin diskosma vo digpardaqlama {igiin xas olan, emal pay ilo slagesi olan
tokrarlanan, bir-birini tamamlayan, osason miistoqil vo tosadiifi xotalar-parametrlordir. Masoslon,
addimin sapmasi, K sayli dislorin addimlarinin toplu xatasi, addimin toplu xotasi, disin qalinligs,
imumi normalin uzunlugunun sapmasi, baslangic konturunun siirtismasi, disin profilinin xatast vo
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s. Onlar1 eyni tipli, mexaniki emal payina tasir mexanizmi eyni olan, tokrar olunan xotalar qurpuna
daxil etmok olar. Bu nov tokrar olunan xatalarin i¢arisindon on shomiyyatlisi-mexaniki emal payina
tosiri nisbaton boyiik olani secgilorok, tosir mexanizmi nazors alinmaqla emal paymin toyinindo
istifado edilmolidir. Xotalar dastinds disin qalinligi, toqribon addimin yarisina borabordir. Har bir
addim haddinds disin addim xatas1 digin qalinliq xatasinin iki misline barabor olmalidir va s.

3. Emal paymin formalasmasi ilo birbasa olaqosi olan parametrlor. tokrarlanmayan fordi
gostoricilor. Eyni zamanda funksiya emal payi ilo arqument arasindaki olago ¢evra boyunca
miintozom doyison bir xarakter dasiyir. Belo xotalarin baslica monboyi pastahin yerlosdirilmosi vo
texnoloji sistemin sazlanmasi zamani qurasdirilmast vo proses sisteminin tonzimlonmosindo
(mosolon, disin istiqgamot xotalari, disli carxlarin yerlogsdirilmosindo qeyri-oxluluq xotalar vo
digpardagqlama zamani1 dislorin movqelorini sazlama) xotalar da diskesmo vo dispardaglama
prosesinin toskili zamani yaranan xotalardir. Bu parametrloro homginin, disli ¢onborin radial
vurmast va disin istiqamot xatalar daxildir. Onalr digor parametrlor ilo tokrarlanmirlar, emal pay1
toskiledicidirlor elementar komponentlordir vo buna goro do dis pardaglama iigiin emal paymin
toyin edilmosinds onlarin istifade edilmasi zoruridir. Ugiincii qrup xotalar miistaqil xarakter dastyan,
elementar, digorlori ilo tokrarlanmayan xotalardir. Odur ki, onlar emal paymnin toyininde birbasa
istirak etmolidirlor (Sokil 1, disin istigamaot xotast).

4. Emal pay1 ilo birbasa olagesi olmayan parametrlor. Onlar disli ilismonin keyfiyyotini
saciyyalondiron parametrlordir. Masolon, tomas lokosinin sahosi, tomas xottinin uzunlugu vo s.
Dérdiincii qrupa daxil olan xstalarin formalagmasi, asason disli profillorin parametrlirindon deyil,
ilison dislorin qarsiligl voziyystindon asilidir. Onlarin formalagmasina ilismo ilo bagli, lakin digli
carxa aid olmayan xotalar da tosir edirlor. Masalon, reduktorun gévdasindo osas yuvalarin oxlarinin
biroxlulugdan sapmasi, morkozlorarasi masafonin sapmast vo s. Odur ki, onlar emal paymin
toyininds istifads edils bilmazlor.

Digpardaglama {igiin toklif edilon emal paylar1 ifadslrindo biri-birini tokrarlayan
parametrlordon (mosslon, profili mohdudlandiran imumi normalin uzunlugu, profilin voziyyst
miisaidasi vo s. [4, 5-9]) istifados edilir, tosadiifi paylanan foza xotas1 (mosalon, disin maillik-bucaq
sapmasi [10]) minimum emal payinin cobri togkiledicisi kimi gobul edilmisdir. Noticada, emal
payinin minimumu boyiidiilmiis qiymotlor alir. 9slinds iso 0, emal payimnin hondosi togkiledicisi
kimi qoaul edilmalidir.

Molumdur ki, siiratkd¢iirms ilo digpardaglamada texnolaji sistem haor hansi iki qonsu disin
iizbaliz profillerinin pardaqlanmas {i¢iin sazlanir. Sonraki diglerin pardaglanmasi iso hor dofo
postahi-disli ¢arx1 bir diso uygun bucaq godor dondormokls aparilir [3, 4]. Buna gors hesab edirik
ki, (vo standartlara uygun olaraq) addimin toplu xatasi emal paymin formalagsmasinda vacib rol
oynayir vo digor, oxsar parametrlori ohato edir. Odur ki, mexaniki emal paymin maksimum
qiymatinin toyininds disli ¢arxin addimlarinin toplu xotast nozere alinmalidir. Bu xata homginin,
dolay1 yolla bolgii ¢evrasinin diametrinin xatasini ifads edir vo analoji xastalardan an boyiik qiymat
alanidir.

Baslangic konturun siirtismasi disli gomborin radial vurmasi vo profil xotalar1 gostaricilari ilo
eyni tiplidir. Hesab edirik ki, emal paymin toyini dusturunda son iki gdstorici nozors alinmaldir,
¢linki, onlar komiyyatco Ustiinliik toskil edirlor.

Dispardaglama {iglin toklif edilon emal paylar1 ifadslrinde biri-birini tokrarlayan
parametrlordon (mosalon, profili mohdudlandiran imumi normalin uzunlugu, profilin voziyyast
miisaidosi vo s. [2]) istifado edilir, tosadiifi paylanan foza xotas1 (mosalon, disin istigamot xotasi
sapmasi) minimum emal payimnin cobri tockiledicisi kimi gobul edilmisdir. Noticods, emal payinin
minimumu bdyiidiilmiis qiymatlor alir. ©slinds iss 0, emal paymin hondasi togkiledicisi kimi gqabul
edilmalidir.

Sonraki dost parametrlordon {imumi normalin uzunlugu bir torofdon disin profili ilo
mohdudlanir. Disin profil vo baslangic konturun siirlismo xotalar1 imumi normalin uzunlugunun
doyismosini formalasdirirlar. Ona goéro do disin profil xotasinin nozors alinmasi daha
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magsadauygundur. Bu halda iimumi normalin uzunlugunun vo digor analoji xotalarin mexaniki
emal payinda nozoro alinmasina ehtiyac galmir. Onun nozors alinmasi emal paymin minimum
qiymatinin siini surotds boyiidiilmasi ilo naticalonar, digpardaqlama samaraliliyi tomin edilmoz.

Natico

1. Surotkécilirmo ilo digpardaglamanin sistem analizi aparilmig, sistemli yanagma ilo onun
somaraliliyinin yiiksaldilmosi metodikasi islonmis vo somaraliyin yiiksaldilmasi monbolorinin  vo
onlarin digspardaqlama sisteminin ierarxiya lizro formalasmasi ardicilligi iizro idaro edilmosi ilo
birbasa vo dolay1 yollarla somarsliliyin yiliksaldilmasi istiqgamatlori miioyyon edilmisdir.

2. Pardaglama bolgosindo maili yerlosmis disi pardagladiqda faktiki kosmo dorinliyinin
ohomiyyaetli azalmasi tomin edilir, modulu 5 mm, dislorinin say1 34, uzunlugu 25 mm, materiali
polad 12XH3A olan disli ¢arxlarda maili yerlogsmis 5 sayl disi pardagladiqda, dord is¢i gedis Ti¢
gedislo ovaz edildikdo, digpardaglama keyfiyyati biitiin parametrlor iizro, dord gedisli pardaglamaya
analoji olaraq tomin edilir, mohsuldarliq tizro somoralililik yiiksalir.
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Summary
Analysis of systematic approach to improving the efficiency of copy-copying and teething
Rasulov N.M., Alakbarov M.Z.

Keywords: Technological connections; shaped surfaces; grinding; subsystem, direct, indirect
The objective of this work is to perform a system analysis of the formation of technological output parameters in
the gear grinding operation with copying and to develop and test both direct and indirect methods for improving the

operation’s efficiency.

Pesome
AHAJIN3 CHCTEMHOTI'0 MO/IX0/1a K BONPOCAaM NOBbILIeHHs 3()(PeKTHBHOCTH MOJMPOBKH KONHPOBaHHEM
Pacynoe HM., Anexbepos M.O.

Knrouesvie cnosa: mexnonozuueckue coeOUHenUs, ClONCHbIe NOBEPXHOCMU, NOAUPOBKA, NOOCUCTEMA, NPAMAS,
KOC8eHHas
enpto paboTHI SABISCTCA MPOBEJACHUE CUCTEMHOIO aHANM3a (POPMHPOBAHUS TEXHOJOTMYCCKHX BBIXOIHBIX
mapaMeTpOB MpH HUTH(GOBATIBHOIN Omepary ¢ KOMUPOBaHHEM 3yOOB, OTpaOOTKa U ampoOdaiys OpsSIMbIX ¥ KOCBEHHBIX
METOJIOB TIOBBIIICHHS IKCIUTYyaTAIMOHHOH 3()(hEKTUBHOCTH.

71


https://books.google.az/books/about/Systems_Analysis_and_Design.html?id=PxZ6oAEACAAJ&redir_esc=y
https://books.google.az/books/about/Systems_Analysis_and_Design.html?id=PxZ6oAEACAAJ&redir_esc=y
https://www.igi-global.com/book/handbook-research-modern-systems-analysis/490
https://www.igi-global.com/book/handbook-research-modern-systems-analysis/490

Scientific News - Series for Natural and Technical Sciences 25 Issue 1(2025)

journal homepage: www.ssu-scientificnews.edu.az

UOT 536.5

DOI 10.54758/16801245 2025 25 1 72

HccaenoBanue TenjooTAa4u NPU ABHKEHUU MPeieIbHBIX YIJ1€BOI0PO/I0B
(H-renTaH) B TPyOe NPH CBEPXKPUTHYECKUX TABJICHUAX

Mawmenos Iukap I'agxku oruy

ORCID

Cymeaumckuil 2ocyoapcmeennsiil yuusepcumem, Cymeaum, Azepbaiiodxican, OoyeHm

shikara.mammadov@sdu.edu.az

NHO®OPMALUA O CTATBE

PE3IOME

Jamovt cmamovu
Honyueno: 04.04.2024
Hcnpasneno: 30.09.2024
Ipunsmo: 09.12.2024

Knrouesvie cnosa:
MenioobMeH, CBePXKPpUMUYEcKoe
oaeenue, NIOMHOCHb MEeNn08020

Pesynomamor uccnedosanuil u HabaroOeHuil HA Hawl 632150 OOCMAMOYHDI,
0Nl 0OBSCHEHUsT  NPUYUHBL  BO3HUKHOBEHUSL  ONPEOCNCHHbIX — PEeNCUMO8
mennonepedaul, NPOUCXOOSWUX NpU NCe8OOKpumuyeckom oagnenuu. Ilpu
amom 0coboe eHuManue OblI0 YOCIEHO XAPAKMEPY UIMEHeHUs 3A8UCUMOCTU
memMnepamypbl CMeHKU Om NIOMHOCHU YOelbHO20 MeNI068020 NOMOKA,
nOdMOMY  ObLIO  YCMAHOBLEHO, YMO HE3d6UCUMO OM  NOJNOJCEHUs U
Hanpagnenus mpyovi NpuU NCEBOOKPUIMUUECKUX OABNIEHUSAX NPOUCXOOUm
nomok ocuoxocmu u TC=TM, yryuwaemcs menioooMenHblll npoyecc.

Hauano ynywwennoco mennoobmena, kozoa memnepamypa GHympeHuetl
NOBEPXHOCMU  CHIEeHbl  QOCmu2aem NnCegOOKPUMUYECKOU —MeMnepamypbl
uccnedyemou  JCUOKOCMY, HEeCOMHEHHO, CBUOemeNbCmeyem o  GAUAHUU
U3MeHeHUs. MenioQu3uIecKux napamempos Ha npoyecc menionepedadu. B
IMUX  YCNOGUAX BCe MEenIoPuU3ULecKue CE0UCMBA Pe3KO MEHAIOMCS U
docmuearom ceoux IKCMpemanbHuix suavenui. Ilpu smom no mepe yoanenus
om  Kpumuueckozo0 — OaGIeHus,  NO  pe3VAbmamam — UCCAe008aHUl
Menno@uuieckux coUCme u 8 061ACmuU NCEBOOKPUMULECKUX MEeMNEPamyp,
CKOPOCMb UBMEHEHUsI (PUUUECKUX Napamempos 3amemHto ociabegaem, 4mo
00J12ICHO 0KA3bI8AMb ONpeOeNeHHOe GIUANHUE HA MENT000MEH.

NOMOKa, YIYYULEHHBIL PeHCUM
mMeni0omoayu, NCesOOKpUMUYecKas
memnepamypa, mypoyieHmubiii
PedcUM, KOHBEKMUBHAS MeNni1oomoaia

N3BecTHO, YTO OJHMUM U3 NyTed CO3JaHUS BBICOKOI(PPEKTUBHBIX, SKOHOMMUECKUX U
KOMITIAKTHBIX TEMJOTEXHUYECKHUX aIlllapaToB M YCTPOWCTB SIBJISETCS MCIOJB30BAHHUE B KAuyeCTBE
TEIJIOHOCHUTENSI BELIECTB NPU OKOJIO U CBEPXKPUTHUECKHUX HaBieHusX. [loaTomy uccinenoBaHue
TEII000OMEHa MPU TEYEHUU CPeAbl CBEPXKPUTHUYECKHX MapaMEeTpOB COCTOSHHS HA CETOHSIIHHUMA
JI€Hb IIPEACTABIISIET OTPOMHBIN IPAKTUYECKUN U HAYYHBIA UHTEpEC.

B TewyeHune mocnenHuX JieT B 3TOM 00JACTHM  BBINOJHEHO 3HAYUTENBHOE YHCIIO
AKCIIEPUMEHTAJIbHBIX  paboT, pe3yibTaTbl KOTOPBIX MOATBEPXKAAIOT HAIUYHE YIYUIIEHHOTO
pexxuma terviootnauu. IlocneqHuil B cBOIO ouepepb AaeT BO3MOXHOCTh 00ECIeUUTh OEe30IMacHYyIo
paboTy anmaparoB, padOTAOIMIMX MPH OOJIBIINX MJIOTHOCTSAX TEIIOBOTO MOTOKA.

CucremaT4eckoe SKCIIEPUMEHTAIIBHOE HCCIEJOBAHUE TEIUIOOTJA4YXd TP BBIHY)KIEHHOM
JBUKEHUM Cpe/ibl CBEPXKPUTHUYECKHX IMapaMeTpoB /0 CHUX IOp IPOBOAWUIIOCH, B OCHOBHOM, IIpH
BEPTUKAJIBHOM MOJO0KEHUU TPYOBbl U UMEETCS] HEJIOCTaTOYHOE KOJUYECTBO OMBITHBIX JAHHBIX MPU
TEYEHUH KHUJIKOCTU B TOPU3OHTAIBHBIX M HAKJIOHHBIX TpyOax, HEOOXOIMMBIX JJIsi MOJPOOHOrO
aHanu3a, pa3pabOTKM pacyeTHBIX PEKOMEHJAIMi JUIs OmpeleNeHHsl JIOKaIbHBIX 3HAYCHHUH
KoapduIMeHTa TEIJIOOTAAYd, a TaKKe IMO3BOJISIIOIIUX PACKPBITh (PU3UYECKYI0 CYIIHOCTh
paccMaTpuBaeMoi MPOOIEMBI.

Lenbto nanHO# pabOTHI ABISETCS MOITYYEHHE HKCIIEPUMEHTAIbHBIX JTAHHBIX 10 TEIIOOTAAYe
U YCTaHOBJEHHE 3aKOHOMEPHOCTEH KOHBEKTMBHOTO TEIUIOOOMEHA TMpH  BBIHYXICHHOM
TypOyJE€HTHOM TEUEHUU H-TENTaHa B BEPTUKAIbHON /MOABEMHOE U OIYCKHOE JBUKEHHUSI/,
TOPU3OHTAJIILHOW UM HAKJIOHHBIX TIOJOXEHUSAX TpyObl C TMOABOAOM Temja M pa3paboTka
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peKOMEHAAui Ul pacdyera TEIUIOOTIaud MPH Pa3IMYHBIX MOJOXKEHUAX TPYObI, yIOOHBIX IS
IIPUMEHEHMsSI B MH)KEHEPHOU IIPAKTUKE.

Anamu3  onyONMKOBaHHBIX  pabOT,  MOCBSIIECHHBIX  M3YYEHUIO  3aKOHOMEPHOCTEU
KOHBEKTHBHOI'O TEIUIOOOMEHA IpPH OKOJO M CBEPXKPUTHUYECKUX JaBICHMSIX II0Ka3al, 4YTO B
MIOCJIEAHUE TOJbl 3HAUUTEIBHO BO3POCIO YUCIO 3KCIEPUMEHTAIBHBIX padOT, OXBAaThIBAIOLIUX B
OCHOBHOM BBIHYKJCHHBIM TypOYJIEHTHBIH pekuM TeueHHs. ONbIThl MPOBOAMINCH B IIHPOKOM
IMara3oHe W3MEHEHMs  PEKUMHBIX — IapameTpoB  mpouecca. OJHAKo, CONOCTaBICHUE
HKCHEPUMEHTAIbHBIX JAaHHBIX PSAAa aBTOPOB IO KOHBEKTUBHOM TEIIOOTa4e 110KA3ai0, YTO MEXIY
HUMHU HMECTCA ONPCACIICHHOC PACXOXICHUEC U, IMO-BUAUMOMY, IIO ITOM IpHUYUHC K HACTOAIICMY
BpPEMEHHU BONpPOC 000OIIEHUs Pe3yIbTaTOB MCCIEJOBAHUN TEIUIOOTIAYM IPU CBEPXKPUTHUECKHX
AAaBJICHUAX BCHICCTB OCTACTCA IIOKa HCPCIICHHBIM. B »stoit CBA3HU, BO3HHUKACT H€O6XOI[I/IMOCTB B
IPOBE/ICHUH JAJIbHEHIINX UCCIeI0BaHUN TEIJIOOTAuU K JKUAKOCTAM MPH TypOYJIIEHTHOM pEeXHUMeE
TCUCHHA U PA3JIMYHBIX YCIIOBUSAX.

Br100op H-renTaHa B KauecTBE TEIUIOHOCUTENS,, B OCHOBHOM, CBSA3aH C HAJIMYMEM B HACTOsLIEE
BpeMsi 0OoraToro 5SKCHEPHMEHTAJIbHOIO MaTepuajia 10 €ro TermIopU3NYeCKUM CBOMCTBaM B
IIMPOKOM JIMana30He U3MEHEHUH 1aBIeHUs U TeMIEepaTypbl, KOTOPBI HEOOXOIUMBI AJIS aHaIU3a U
00001IeHNsT Pe3yIbTaTOB SKCIEPUMEHTOB 10 TEIUIOOTJAade M, KpOME TOro, H-TeNTaH o00JajaeTt
CPAaBHUTEJIbHO HU3KMMHU IapaMeTpaMH, UYTO BBISBIISET BO3MOKHOCTb U3YUYEHHUS PacCMaTpUBaEMOI0
mpouecca mHpu OoJiblIed KPaTHOCTH KPUTHYECKOro JaBieHus, T.e. npu P=(3-4)Pxp, u
CJIeZIOBAaTENbHO, BBISIBUTH BIIMSHUE JABJICHHUS HA TEINIOOOMEH. DTO JaeT TaKKe BO3MOXKHOCTb
YCTAHOBJICHHA BJIUAHHUA HU3MCHCHUA (1)I/ISI/II-IGCKI/IX CBOMCTB HCCJIGI[yCMOﬁ KHUOKOCTH Ha
TEIUIOOTAAYY.

H-rentan He 351€KTPONPOBOJIEH, JOCTATOYHO TEPMOCTOEK, SIBJISIETCS HOPMAJIbHOM KUJKOCTBIO
U ero Tero(pu3nuecKue CBOICTBa, M0-BUAUMOMY, HE UIMEIOT aHOMAJIUH.

KpOMe TOro, UMCHKOTCSA HCKOTOPBIC AAHHBIC IO MCCIICAOBAHUIO TCIJIOOTAAYU H-I'CIITaHA IPHU
BBIHY)KJCHHOM  JIBUKEHHH M  CBEPXKPUTMYECKMX  JABICHMUAX, IOJyYEHHblE  JIPYTUMHU
AKCIIEPUMEHTATOPAaMHU, YTO HEOOXOAMMO JJisi JAJbHEHIIEr0 CONOCTaBJICHUS C pe3yJibTaTaMu
HACTOSIIUX HCCIIEAOBAaHUM, MO3BOJISIONMX PACIIMPUTh 3HAHMUS O XOJ€ Mpoliecca KOHBEKTUBHOIO
TEII000MEHa MPHU CBEPXKPUTUUECKUX JABICHMSX BELIECTB U PACKPHITh (PU3UUYECKYIO CYIIHOCTb
paccMaTpuBaeMoi MpoOIeMBI.

PaccmoTrpuMm xapaktep u3MEHEHMs] TrpauKa 3aBUCHMOCTH TEMIEpPAaTypbl CTEHKH OT
IUVIOTHOCTH TEIUIOBOTO IOTOKAa ISl TMOABEMHOIO JABM)KEHHS H-TENTaHAa CBEPXKPUTUYECKOIO
AAaBJICHUA TIpHU Typ6yneHTHOM PEKUME TCUCHU.
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VYka3aHHas 3aBUCUMOCTb HUMEET CJIOXKHBIM xapakrep. Ha yuactke ADb yBenuuenue
TEMIIEPATYPHI CTEHKU IPSAMO IPONOPLHUOHAIBHO POCTY IUIOTHOCTH TEIUIOBOTO NOTOKA. B Touke b
TEMIIEPATypa CTEHKH, U CIEHOBATEIbHO, TEMIIEPATypa TEIUIOHOCHUTEIS B IPUCTEHOYHOM CIIOE€
npubImxKaeTcss K TeMIeparype, COOTBETCTBYIOLIEH MaKCUMyMy TEIUIOEMKOCTH IIpU JaHHOM
JABJICHUU.

HpI/I tC ztm B IMMIPUCTCHOYHOM CJIO€ IMPOUCXOAUT CUJIBHOC N3MCHCHUC TeHJ'IO(i)I/ISI/I‘ICCKI/IX
i)

CBOWCTB H-TE€NTaHa, B YaCTHOCTH, HE3HAYUTEIBHBIA POCT TEMIIEPATYPHI COMPOBOXKAAETCA PE3KUM
yBeIu4YeHUeM TemioeMkocTu. [loaromy nociie Touku b yBennueHue MmI0THOCTU TEIIOBOIO MOTOKA
HE NPUBOAUT K BO3PACTAHUIO TEMIEPATypbl CTEHKH, BO MHOTHMX CIy4asX C YBEIMYECHUEM
IUIOTHOCTHA TEIUIOBOTO TMOTOKAa HAOMIOJAeTCsl CHUXKEHHE TeMIepaTyphl CTeHKU. YyacTok bB
XapakTepU3yeT IMEPBBIM YIYYIEHHbIA pexuM Temnootnauu. Ha yuactke BIT yBennuenue
TEMIIEpaTypbl CTEHKHU ONSATh-TAKH MPSMO IPOMOPLHOHAIBHO POCTY IJIOTHOCTU TEIIOBOTO MOTOKA.
DTOT yyacTok rpaduka siBisieTcs Kak Obl IpoAoKeHneM ydactka Ab nmaHHOM 3aBHCHUMOCTH C TON
JUIIb Pa3HUICH, YTO OHA B IEJIOM IIEpEeMElIeHa B CTOPOHY OOJBIINX 3HAYCHHWH IJIOTHOCTU
TEIUIOBOrO TOTOKa. Bo3pacranue Ttemmeparypbl CTeHKH Ha y4acTke BT MOXXHO OOBSICHUTH
YMEHBIIEHUEM TEIIOEMKOCTH TMOCJI€ JOCTUTHYTOIO MAaKCMMyMa IIpU JAJIbHEHIIEM pPOCTE
TEeMIIepaTypsbl.

2 o
[Tpu OGoNbIIKMX 3HAYCHUSAX IUIOTHOCTH TeruioBoro motoka (=~ 3,0MB7/ m" u BBICOKOU

0
TEMIICPpATypEC CTCHKHU tC ~495°C ¢ YBCIUMYCHUECM IIJIOTHOCTU TCIIJIOBOTI'O IIOTOKA O6H8.py>KeHO

CHayaJla CHI)KCHHE TEeMIIepaTypbl CTEHKH TMOpsIIKa ~150°C, a 3arem poct ee yuactka ['/JIE. OToT
Y4acCTOK rpaduKa XapaKTepu3yeT BTOPOH YIYUIICHHBIH PEKUM TEIUIOOTAAYH.
B pabGote mpoBeneHa 3KCIEpUMEHTAJIbHAS MPOBEPKAa BOCIHPOM3BOJUMOCTH TEMIIEPATypHOU

KpHBOﬁ B O6p8.THOI>i MOoCJICA0BATCIIbHOCTH, T.C. H3MCPAIACH tC npru yYMCHBUICHUHN IIJIOTHOCTU

termoBoro  moroka:  (~4.20; 3.50; 2.61; 2.61;, 2.05; 1.64; 1.05; 0.78 nu 044MBT | M

KOTOpbI€ OXBaThIBaJIU cooTBeTCTBEHHO yuacTku ['JIE, BI', bB u Ab.

Ha puc.1 pe3ynbTaThl ONbITOB MOKa3aHbl 3aTeMHEHHBIMU ToukaMmu. Ha yudactke BB caenanbl
JIBA 3aMepa, COOTBETCTBYIOIIME HAYaJly M KOHI[y VYJIYYIIEHHOIO pEXUMa TEILIOOTAAuH,
Ha0II0JaeMOTO B 00JaCTH TCEBIOKPUTHYECKOM TemriepaTypbl. M3 pucyHka BHAHO, YTO TOYKH,
MOJIy4eHHBIE TIpU OOpaTHON MOCIEeNOBAaTEIbHOCTH W3MEPEHHM, JIeKaT Ha JKCIEPUMEHTAIbHON

kpusoii t; = f (q) OTO CBUAETENBCTBYET O YUCTOTE BHYTPEHHEN MIOBEPXHOCTH IKCIIEPUMEHTAIBHOU
TPYOKH U JOCTOBEPHOCTHU MOJTYYEHHBIX JTAHHBIX.
[puBeneHubie Tpaduku 3aBucuMocTH {, = f(q) JUISL TIOObEMHOTO JBMKEHMSI  H-TeNTaHa

IIpru pPas3IMYHbIX OABJICHUAX W IMOCTOAHHBIX 3HAYCHUAX MacCOBOM CKOpPOCTH M TEMIICPATYPhI
KUJIKOCTHU Ha BXOJC I'OBOPAT O BJIMAHHUU NABJICHUSA HA TEIUI0O0OMEH pI/IC2
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Puc.2. 3asucumocms tc=f(q)onsa noovemmnozo osusxncenusn n-cenmana npU pasiudHblX OA8IeHUsX

) CpaBHCHHA ABYX KpPHBBIX, BHJHO, 4YTO 0 tC ztm SKCIICPUMCHTAJIBHBIC TOYKH IIpH

Pa3IMYHBIX TABJICHUSIX XOPOIIO JOKAaTcs Ha ofaHy mpsmyio. [lpu t; =1, xpussie pacxomsrcs. Ha

yuactkax b'B’ um BB pacxoxnenue Oyner omnpeaensiTbCs pasHULEH ICEBIOKPUTUYECKUX

TEMIIEparyp, T.€.
at=(t B (¢ B
m’p — 5MIla m’p = 45MTI1a 1)

Ha yuactke xe BI' ¢ yBennuenuem ( pa3HOCTh Temmeparyp pactér. HeobxonuMo oTMETHTS,

68X .
4TO I TPOLECCOB C OAMHAKOBBIMU PW H tJIC PAa3JIMUHBIMU  OABJICHUSAMU IIPpU TMOABEMHOM

ABUKCHUNU BO3HUKHOBCHUC BTOPHUYHOI'O YIIYUHICHHOIO PEKHUMa TCIIIOOTAAYN COOTBETCTBYCT
HpI/I6HI/I3I/IT€J'II>HO OAMHAKOBOMY 3HAYCHHIO IJIOTHOCTH TCIIJIOBOI'O ITOTOKA. I[J'IFI paccMaTpuBacMoro

ciy4asi OHO paBHO (3,0 + 3,1) MBr1 | m°.

I/ICCJ'IG,Z[OBaHI/ISI IMMOoKa3aJii, 4To Meperaabl TCMIICPATYP CTCHKU HA YUaCTKC FI[ IIpU Ppa3JINIHBIX
JaBJICHHUAX TAKXEC HpI/I6J'II/ISI/ITCJ'H)HO OJJNHaKOBHI, T.C.

(tr -1, )P:4.5MHa ~ (tr -1, )P:E.OM]'[a ~ (130 +140)0 C )

Ipencrasnennsle rpaduku 3aBucumoctn [, = f(C]) Ha pUCYHKax 1 M 2 moCTpoeHsl IO
X
MOKa3aHUSIM TepMOIIap, PACMOIOKEHHBIX Ha PACCTOSIHUN q =624 01 BXOza B TPYOY.

Ha puc. 3 wu3obpaxens! rpaduku 3aBucumoctu L, = f(CI) , KOTOpBIE TIOCTPOEHBI TIO
MMOKa3aHUSM TEPMOIIApP, PACIIOIOKECHHBIX OJIMKE K BBIXOJJHOMY KOHITY KCIIEPHUMEHTAIBHOU TPYOBI,

T.€. IIpU g =910.
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13 pUCyYHKa BUJHO, 4YTO HepBHﬁ u BTOpOI71 YIYUHICHHBIC PCXKUMbI TCIIOOTAAYH UMCHOT

X
MECTO HE TOJBKO Ha PACCTOSHUHU 4 =62,4 or BXo#a B TpyOy, HO U Ha PACCTOSHUSIX BBIIIC

HETO. O,I[HaKO B OTHUX ClIydadx OBLIO 06Hapy>KeHo, 4qTo BTOpOI71 y.]'Iy‘lH.IeHHLIﬁ PECIKUM
TCIIOOTAAYM HACTyHnacT CPaBHUTCIBHO IIPH MCHBUICM 3HAYCHHU IUIOTHOCTHU TCIIJIOBOI'O
IIOTOKaA. HaHpHMep, 3HAYCHUC IUIOTHOCTH TCILJIOBOI'O IIOTOKA4, COOTBETCTBYIOLICC Hadally

X
BO3HHUKHOBCHUA BTOPOI'O YIYUYIICHHOI'O pCKuMa TCILUIOOTAAYU IIpPU a=62,4 U Ppa3INYHBIX

J@BJICHISIX COCTaBIsieT mpuMepHo 3,0MBr/x?, a npu gz 91,0 paBuo 2,72MBT/ M Kpome

1- 3219,4; 2-33,7,3-48,0;4-76,8

7 ////

./M

3 grEr

Puc.4. 3asucumocms tc=1(q)ors
NOOBEMHO20 OBUNCEHUA H-2eNMaHd
npu P=4,5 Mlla

TOrO,  MECTO  PpAacCHOJOXKEHUs  TepMmomnap
OINPENENEHHO BIMAECT U HAa 3HAYCHHE Iepernana
TeMrneparypbl cTeHku Ha ydactke ['J] rpaduxa
sapucumoctu t, = f(q). D10 ocobenno 3ametHO

IIpU OKOJIOKPUTUYCCKHUX HAaBJIICHUAX, HAIIPUMCECD,
mpu P = 4,5MITa (At j X _91~25°C.
T d

Jloist TOTO, YTOOBI HUMETH MOJIHOE
MPEJICTAaBICHUE O XapakTepe H3MeHeHus rpaduka
3aBUCUMOCTH TEMIEPATYPbl CTEHKH OT IIJIOTHOCTH
TEIUIOBOTO TOTOKA  IIeNIeCO00pa3HO  MOCTPOUTH
rpaduku MO TIOKa3aHUSM OCTaJbHBIX TEpMOIIap,
PacToIOKEHHBIX BAOJIb TPYOBI. Pe3ynbraTel 01HOTO

u3 TaKUX N3MEPEHUI pu
P =4.5MIla, pw=2000 Kr/m’e B BUJIE
sapucumoctn  t, = f (q) WUTIOCTPUPOBAHbl  Ha

puc.4.
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N3 pucyHka BUAHO, YTO TIPU MOJIBEMHOM JABUKEHUU H-TENTAaHA IS PA3IMYHBIX PACCTOSHUN
OT BXOJa TpPyOBI, XapakTep H3MEHEHHUs Trpaduka 3aBHCUMOCTH t, = f(q) pasjuueH, T.e. MpuU

gz 768 oT BXxoJa B TpyOy XapakTep M3MEHEHMs rpauka 3aBUCUMOCTU t, = f(q) aHaJIOTM4eH

3aBUCUMOCTSIM, WJUIIOCTPUPOBAHHBIM Ha puc.l-3, a npu §:19,4; 33,7 u, 48,0 nHecmoTpst Ha

YBCIIUMUCHUC IIJIOTHOCTHU TCIIJIOBOI'O IMOTOKA HAa YYAaCTKC bB Ha6HIOI[a€TCSI 3aMCTHOC CHHKCHUC
TEMIICPATYPbl CTCHKH. HOCT&TO‘IHO OTMCTHUTB, YTO HA 3TUX PACCTOAHHUAX B MHTCPBAJIC N3MCHCHUSA

IUIOTHOCTH TEIIOBOrO Mmotoka oT ~1,40MBr/m? no ~2,40MBr/m? TeMmepaTypa CTEHKH He
X
BO3pOCIIO, a, HA0OOPOT, CHU3HMIIACH TTOPSIIKA 40°C. Kpome Toro, Ha paccTosiHUIX q =19,4;33,7 u

480 ot Bxoma B TpyOy mpu OONBIIMX 3HAYCHUAX IUJIOTHOCTH TEIJIOBOTO TMOTOKA W BBICOKOM
TEMIIEPAType CTCHKU CKAYKOOOpa3HOe MaJIeHuEe TeMIIepaTypbl CTCHKH HEe OOHAPYKEHO M XapaKTep
n3MeHeHus kpuo Ha ydactkax bB u I'JIE naentuyeH.

Takum 00pa3oM, aHAIU3 ONBITHBIX JAHHBIX TOJYYCHHBIX IS PA3IHUYHBIX CCUCHHH TPYOBI
[oKa3aJl, YTO XapakTep M3MEHEHUs rpaduka 3aBUCUMOCTH 1, = f(q) B obmactu t >t mnpu

X X
H > 62,4 HECKOJIbKO OTJIMYAETCS OT TAKOBBIX, UMEIOIIUX MECTO TIPH H <62,4.

X o .
HpI/I E<62,4 BTOpPOU YIYHUYHICHHBIM PCXKUM TCIUIOOTAAaYW HACTYIACT IIPU CPABHUTCIBHO

MCHBIIUX 3HAYCHUAX TEMIICPATYPbl CTCHKHU.
C OCJIIBIO BBIABJIICHHA BIIMAHWUA 3HAYCHUA MacCOBOH CKOpPOCTH Ha XapakTCep HU3MCHCHUIA

rpaduka 3aBucUMOCTH [, = f(q) , JOCTaTO4HO COIIOCTaBUTH pE3yJbTaTbl HCCIIECIOBAHMM,

n300pakE€HHBIX Ha pHC.]l U 2, KOTOPhIE COOTBETCTBYIOT Pa3IMYHBIM 3HAUYCHUSIM pW. B pesynbrare
aHanu3a rpa@UKoB Ha yKa3aHHBIX PUCYHKAaX MOXKHO OTMETUTb, YTO HE3aBUCHUMO OT 3HAueHHH
MacCOBOM CKOPOCTH, XOJI TEMIIEPATYPHOU KPUBON M3MEHSAETCS HECKOJIBKO pa3 M MPU 3TOM JBAXKIbI
MPOUCXOIUT HMHTEHCH(]UKaluus IMpolrecca TermioooMeHa. HacTymieHue mnepBoro yiaydimeHHOTO
peXxuMa TEIIOOTAAa4YM IPU MEHBUIMX 3HAYEHHUSAX MACCOBOM CKOPOCTHM COOTBETCTBYET MEHBLIEMY
3HAQYEHUIO IIJIOTHOCTU TEILUIOBOTO IIOTOKA M IIPU OTOM, YCIOBUE IOIYYEHUsS TOPU30HTAIBHOIO
ydyacTka bB ocTaércs HeM3MEHHBIM M paBHBIM IICEBJOKPUTHYECKON TEMIIepaType HCCIELyeMOU

KUAKOCTHU, T.€C. HA 3TOM aCTKeE t /t z]. OI[HaKO CJICAYET NOAUYECPKHYTH, UTO IIPOTAKCHHOCTH
’ C m ’

TOPU3OHTAIBHOIO ydacTka bB, XapakTepu3yeMoro yiIydiIeHHBIM pEXUMOM TEIJIOOTAAYM, C
YBEJIMYEHUEM MACCOBOM CKOPOCTH yBEIINYMBACTCS.

HccnenoBanus mokasaiM, 4YTO Ha4ajJo BO3ZHUKHOBEHHUS BTOPOIO YJIYYIIEHHOTO TerjaooOMeHa
B OIBITaX C H-TENTAaHOM IPU MNOJABEMHOM JBMKEHUH IIPU PA3JIUYHBIX MACCOBBIX CKOPOCTAX
COOTBETCTBYET OAHOMY U TOMY K€ 3HaYEHUIO IUNIOTHOCTH TEIIJIOBOT'O IIOTOKA.

[Ipexne 4em MNPUCTYNUTh K AHAIN3Y OMNBITHBIX JAHHBIX, ITOJYYEHHBIX MPH OIIYCKHOM
JIBIDKEHUH H-TENTaHa OTMETUM, YTO TEILIOOTIAa4yd IPU MOABEMHOM JBHKEHHM COIPOBOXKIACTCA
JIOTIOJTHUTENBHBIM 3BYKOBBIM 3(P(HEKTOM — KOJEOAHMSIMM JaBJICHHUS >KUJIKOCTH M TEeMIIepaTypbl
creHkd. llosiBIeHMe MOCIeTHUX B SKCIEPUMEHTANIBHON TpyOe COOTBETCTBYET Hauyady M3MEHEHHS
X0Jla TeMIepaTypHOH KpuBOW Mo rpaduky 3aBUcHMOCTHU t, = f(q) , T.€. HAYAJIbHOMY MOMEHTY

BO3HUKHOBCHUA YIYUIICHHOI'O TemIo0o0MeHa H IIO MCpPE MOBBIMICHUA IIIIOTHOCTHU TCILJIOBOTO
IOTOKa CuJia 3ByKa YBCIIMYUBASACH, npnoGpeTaeT HCHpCpBIBHBIfI HpOH3I/ITCHLHLII>'I XapaKkTep.
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Puc.5. 3asucumocms tc=f(q)on onycrknoeo osuscenus n-eenmana
npu P=4,5 Mlla

Ha puc.5 uzobpaxeH rpaguk 3aBUCUMOCTH t, = f(q) JUIsE TYpOYJIEHTHOTO PEeKMMa TEUECHUS

H-T'CIITaHAa IIPpHU OTIIYCKHOM JABUKCHHUU €TO BepTHKaﬂBHOﬁ TPY66, HOCTpOGHHLIfI 110 ITOKa3aHHAM

o X
TepMONapbl, PacIOI0KEHHONU Ha PACCTOSTHUN q =60,8 or Bxona B TpyOy.
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Puc.6. 3asucumocms tc=1(q)ors onycknoeo osudicenus n-ecenmana
npU pa3IudHbIX OA8NIeHUsX

W3 pucynka BuaHoO, 4To Ha yyactke Ab rpaduka, xapakrep U3MEeHEHUs TeMIEpaTypbl CTEHKU
B 3aBHCHUMOCTH OT IUIOTHOCTH TEIJIOBOTO MOTOKA MOJYMHSAETCS MPUOIU3UTEIBHO TPSIMOIUHEHHOMY
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3aKOHY aHAJIOTMYHO ONBITaM IIPU MOABEMHOM IBMKEHMM JKUAKOCTH puc.l-4. B Touke b xon
TEMIIEPaTypHOH KpPUBOW U3MEHSETCS M C YBEJIMYEHHEM IUIOTHOCTH TEIUIOBOIO IOTOKA,
HaOIIOAaeTCsl 3HAUYMTENbHAS WHTCHCHU(UKAIMS Tpolecca TEIIooTaaud. B omblTax, 3HA4YeHUS
TeMIepaTyp CTEHKH, COOTBETCTBYIOIIMX IUIOTHOCTH TemioBoro mnoroka ~1,20 m 2,40 Br/M?,
IIpaKTU4ecku He orinyaercd. Ilocme Touku B, ¢ yBennyeHHEM IJIOTHOCTH TEIJIOBOI'O IOTOKA
obHapy-xensl yuacTku BI' u I'/IE rpaduxka 3aBucumoctu t, = f(q).

I'padukn 3aBucumoctu t, = f(q) JUIsi TYpOYJIGHTHOTO peXuMa TEeUeHUS U OMYCKHOIO

JBUKEHUSI H-TeNTaHa PHUC.6 MOATBEPKIAIOT BO3MOXKHOCTH CYILIECTBOBAHUSI OTIENBHBIX PEKUMOB
TEIJIOOT/IaYM TPU PA3IUYHBIX JaBiIeHUsAXK. OTMETUM, YTO NPHU OKOJOKPUTHUUECKOM JaBICHUU U
TypOyJE€HTHOM pEXHME TEUYEHHs H-TeNTaHa C YBEJIMYEHHEM IIJIOTHOCTH TEIJIOBOIO IOTOKa
TeMIepaTypa CTEHKH JI0 BTOPOTO YIYUYIIEHHOTO TEIUIOOOMEHa M3MEHSUIach IUIaBHO, a MpHU ~

q > 3,0MBt/ ? ocTaBanach npuOIH3UTENBLHO TOCTOSHHOM (KpuBast 1, puc.6).

[ -2 17,70 2 - R0 3 - 464 4 - TS50

l‘-\.'..: : T

400 _

3 q, MEr S

Puc.7. 3asucumocms tc=f(q)ons onycknozo osuscenus n-cenmana
npu P=4,5 Mlla

Ha pI/IC7 I/1306pa)KeHbI Fpa(I)I/IKI/I 3aBUCUMOCTH TEMIICPATYpPbl CTCHKU OT IINIOTHOCTU
TCIIJIOBOT'O IMTOTOKA JJIA Typ6y.]'IeHTHOFO pexumMa TEUYCHHUA IIPHU OIYCKHOM IABHXKXCHUHU H-T'CIITAHA,

X
MMOCTPOEHHBIE 110 MMOKa3aHUSIM TEPMOTIap, PACIIONIOKEHHBIX Ha PACCTOSHUSIX 4 =17,7;32,0; 46,4 u

X
75,0 oT BXo#ga B TpyOy. AHaJM3 MOJYYEHHBIX JAHHBIX MOKa3aj, YTO B CEUCHUSIX INPHU q <608

IIOCJI€ JIOCTMKEHUs TEMIEPATYPbl CTEHKU IICEBJOKPUTHYECKUX TEMIEPATYpbl HCCIEAyeMOU
KUIKOCTU C YBEIWYEHUEM IUIOTHOCTU TEIUIOBOIO IIOTOKA TEeMIlepaTypa CTEHKH CHMKAETCA.

2
Hampumep, npu mioTHOCTH TemioBoro noroka 1,.50MB7/ M~ Temneparypa CTeHKH paBHO 318°C, a

2
npu 230MB71 /[ m” oHa cocraBiseT 228°C, tee. IIPY YBEJIMYEHUU IIJIOTHOCTU TEIUIOBOI'O IIOTOKA Ha
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2 "
08MB7/ m" Temmeparypa CTCHKH yMEHBIIIACTCS Ha 90°C. [Ipuyém mpu ONYCKHOM JIBH>)KEHHH H-
renTaHa Ha YKa3aHHBIX PACCTOSIHUSX MUHUMAJbHBIE 3HAUEHHUS TEMIEPATypbl CTEHKH, UMEIOIINE

2
MecTo npu (=~ 2,25B7/ M°, COOTBETCTBYIOIIEM YJIYYIICHHOMY PEKHMY TEIUIOOTAAa4d, MEHBIIE

4eM KpUTHYECKasi TEMIIepaTypa UCCIEAYEMOU KUIKOCTH.

Cnenyer NOMYEPKHYTb, 4YTO IPpU OIYCKHOM [JBHXKEHUM H-TE€NTaHA C HACTYIJIEHUEM
YIY4IIEHHOrO TEIUI000OMEHa IPOLECcC CONMPOBOXKAACTCA KoJeOaHMSIMM JABIEHUS KHUJIKOCTH U
TEMIIEPATYpPbl CTEHKH, B ONBITHON TpyOe MOSBISIETCA 3BYK, KOTOPBIH C YBEJIMYEHHEM IUIOTHOCTU
TEIUIOBOI'O IIOTOKA MPHOOPETAET HEMPEPBIBHBIN U MPOH3UTENbHBIN XapakTep.

W3BecTHO, 4TO HA MPAaKTHKE MPOLECCH TEII00OMEHa MPOTEKAOT B TPyOax MpPU Pa3IMYHbIX
UX TIOJNIOKCHUSX. B CBA3M € 3TMM IpEACTaBIAET HMHTEPEC HCCIENOBAaHUE 3aKOHOMEPHOCTEH
TEII000MEHA MPU TEYCHUH JKUJKOCTH B TOPU3OHTAIBHBIX M HAKJIOHHBIX TPyOax.

L°C

% VAN
P

\//

300 R s =

/ 2 3 g, r1871/r1 £

Puc.8. 3asucumocme tc=f(q)0ns N-cenmana npu P=3,5 MIla, po=2100 (ke/m*c); tE* = 12°C.

PaccmoTpuM XxapakTep W3MEHEHHUs TEeMIIepaTyphl CTCHKH B 3aBUCUMOCTH OT ITUIOTHOCTH
TEIJIOBOTO MOTOKA MPH TEUEHUU H-TeNTaHa B TOPU30HTaNbHOUW TpybOe. Ha puc.8 mpencraBnena
yKa3aHHasi 3aBUCUMOCTh U TYpOyJEHTHOTO TEUYeHHs H-TENTaHa B TOPH3OHTAILHOW TpyOe mpH
P=3,5 MIla t2* =12 °C u pw=2100 kr/m’c. OHa IIOCTPOGHA IO TOKA3AHHSIM TEPMOIIap,
PacToOKEHHBIX Ha PACCTOSHUU 2 ~ 60 ot BXxoma B TpyOy. M3 pucyHKka cienyer, 4YTo XapakrTep
W3MCHCHUS TEMIIEPaTyphl CTEHKH OT IUIOTHOCTH TEIUIOBOTO ITIOTOKA CJIIOKHBIM, Kak W TIpU
BEPTUKAIBHOM TMIOJIOKEHUH TpPyObl B obOmactu I =ty u > t, Habmomaerca peskas
MHTEHCU(pHUKAIUS TEIII000MEHa.

I'paduku 3aBucumoctu to =f(q) npu P=3,5 m 5,0 MIla, mocTpocHHbIE MO MOKA3aHHUIM
TEPMOIIAP, PACHOJIOKEHHBIX HA PACCTOSTHUN g ~ 60 oT Bxo/1a B TpyOy, MOKa3bIBAIOT, YTO OOIIMIA
XapakTep W3MEHEHHWs KPUBBIX OJMHAKOBO W cioxeH (puc 9). BrnusHue naBiieHUs KXUIAKOCTH Ha
TEII000MEH |, CIIeAOBAaTEIbHO, PACCIOCHHE IKCIEPUMEHTATBHBIX KPUBBIX U HAYAJIbHBIH MOMEHT
HACTYIUICHHS! YIYYIIEHHOTO peXrMa TeIUIo0Tadl HAaOMI0AaeTCs MpH JOCTHKEHUH TeMIlepaTypoi
BHYTpPEHHEH MOBEPXHOCTH CTEHKH MCEBIOKPUTUYECKON TEMITEPATyphl HCCIEAYEMOU KUIKOCTH.
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Puc. 9. 3asucumocmo tc = f (C]) npu 0BUIICEHUU H-2eNMAHA 8 20PU3OHMATLHOU mpyoe.

Ha yuactke BB rpaduka ¢ yBennueHnem IUIOTHOCTH TeryioBoro moroka ot~ 1,30 mo 2,30
MBt /M° Temmeparypa CTEHKM IIPaKTUYECKH OCTaeTcsi IOCTOSHHOM W paBHOM
nceBIOKpuTHYecKor Temmneparype. C nepexonom tc uepes tmuccaenyemMon 5KMIKOCTH yBEJIUYCHHE
IUIOTHOCTH TEMJIOBOTO MOTOKA MPUBOJUT K MOBBIIIEHUIO TEMIEPAaTyphl CTEHKH, B PE3yJIbTAaTe Yero
obpasyercs yuactok BI. Tlpu Bwicokux TtemmepaTtypax creHku (t; > 430°C) He3HauuTENbHOE
YBEJIMUEHUE IJIOTHOCTH TEIUIOBOTO MOTOKAa MNPUBOAMT K MAJEHUIO TEMIIEpaTypbl CTEHKH OT
3HAYEHUS COOTBETCTBYIOLIEro Touke I, 10 3HaueHus B Touke /I, a 3aTeM IMOCTEIEHHOMY POCTY €€.

MoMeHT mnajieHus TeMIepaTypbl CTEHKH MpH PA3IUYHBIX JABJICHHUSIX COOTBETCTBYET
3HAYCHMIO TUIOTHOCTH TEIUIOBOTO MOTOKa =3,50MBt/M’ . OTMETHM, YTO HHTEpBAT PACCTOSHHS
KPUBBIX 1O OCH opauHaT Ha ywyactke BBI' rpadukoB 3aBucumocTH t. =f(q) mpu paznuunbIX
JABJICHUSIX B TOPU3OHTAIBHBIX TPYyOax MOXKET ONpPEIeNsAThCsl KaK Pa3sHOCTh ICEBAOKPUTUYECKHX
TeMmImeparyp, T. €.

5,0MIIa 3,5 MIla

Ha puc. 10 npencrasienst rpaduku 3aBucumocth t=f () B onTax ¢ H-rentaHom,
X
TOCTPOCHHEBIE 1O MOKA3aHHUAM JIBYX TEPMOMAP, PACTIONOKEHHEIX COOTBETCTBEHHO HA PACCTOAHHMAX —

(3)

=29,0 u 78,5 ot BXxOAA B TPYOY.
N3 pucyHka BUOHO, 4TO Ha ydacTke Ab ¢ yBennyeHuEM IIOTHOCTH TEIJIOBOTO IOTOKA
TeMIepaTypa CTeHKH BO3pacTaeT MPpUOIU3UTENBHO 0 MPSIMOJIMHEHHOMY 3aKOHY.
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Puc. 10. 3asucumocmo tc =f (q ) 0J1s1 20pU3OHMANILHOZ0 NoKoXMCenus mpyovl npu P=4,0MIla,
pw=1730 ke/m® ¢, t2*=18°C.

Ha yuactke BB »Toif 3aBUCMMOCTHM C YyBEIWYEHHEM IUIOTHOCTH TEIJIOBOIO IOTOKA
HaOII0/IaeTCsl HEKOTOPOE CHUXKEHHE TeMmIeparypbl creHku. Hampumep, mpu (= 1,20 MB1/M°
3Ha4YE€HHE TeMIepaTypbl cTeHku coctasisieT 306°C, a mpu =~1,75 MBT1/M% Touka B-282°C, t.e.

t2-t8=24°C (xpusas 1). 3arem, mocne Touku B c yBenumuenmem (|, 3HadeHue I; BHOBb
BO3pacTaeT, MOMUYMHSIACH NPAMOIMHENHHOMY 3akoHy (ywactok BI'), anamormuno yuactky ABD.
Hanee, nocne Touku [ ¢ yBennyYeHHEM IUIOTHOCTH TEIUIOBOTO MOTOKa I HECKOJIBKO CHUXKAeTcs
(yaacrox I'JI) m mporecc TemiooTAadyd BHOBb WHTeHcuuuupyercs. [lo mepe mambHeimero
YBEJIMUYEHUS TJIOTHOCTH TEIJIOBOTO IMOTOKA BCE OTMEUYEHHBIEC BHINIE PEXHMBI MOBTOPSIOTCA, U
oOpasyercst yuactok JIEXK3 ykazannoit 3aBucumoctu. M3 3TOoro prcyHka emie cieayer, 4To oOui
XapakTep H3MeHeHus rpaduka 3aBucumoctu tc =T (Q) mwis Tepmomap, pacroOKEHHBIX Ha

pacCTOAHUAX g =29 u 78,5 or BX0oAa B TpyOy, HACHTHYECH.

Taxkum 06pa3zom, pe3yabTaThl IPOBEICHHBIX UCCIICAOBAHUM U HAaOMIOeHNUH, Ha HaIll B3I,
SABJIIIIOTCA  AOCTAaTOYHBIMHU  JIA 00BACHEHHUS INPUYUHBI BO3HHUKHOBCHHA OTACIBHBIX PCKHUMOB
TEIIO0OMEHa, UMEIOIIUX MECTO NP CBEPXKPUTHUUECKUX IaBIEHHUAX TeruloHocutenei. Ilpu stom
oOpaiiieHo oco00e BHUMaHHE Ha XapaKTep M3MEHEHUs rpaduka 3aBUCUMOCTH TEMIIEPATypbl CTEHKU
OT IJIOTHOCTH TEIUIOBOTO TOTOKA, IO KOTOPOW YCTaHOBJIEHO, YTO HE3aBUCUMO OT IOJIOKEHUS
TpyObl M HaIpaBlieHHs TEYEHUs XHUJIKOCTH IMPH CBEPXKPUTHUYECKUX HaBleHHSIX U = t,,,
HACTyNaeT PEXKUM C YIIYUIIEHHON TEIJIO0TAA4YEH.
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Xiilasa
Doymus karbohidrogenlarin (n-heptanin) boruda kritikdan yiiksak tazyiqglords istilik miibadilosinin tadqiqi.
Mammadov $.H.

Agar sozlor: istilik miibadilosi, superkritik tozyiq, istilik aximinin sixligi, tokmillogdirilmis istilik otiirma rejimi,

psevdokritik temperatur, turbulent rejim, konvektiv istilik otiiriilmasi

Tadgiqatlarin vo miisahidalarin naticalori, fikrimizco, psevdokritik tozyiqds bas veron miioyyan istilikverma
rejimlorinin meydana galmasinin sobobini izah etmok tgiin kifaystdir. Eyni zamanda, divarin temperaturunun xiisusi
istilik selinin sixligindan asililiginin doyismosinin tabistina xiisusi diqqgat yetirilmisdir, ona gora do miioyyan edilmisdir
ki, borunun voziyystindon vo istigamatindon asili olmayaraq psevdokritik tozyiglordo maye aximi va tc=tm,
yaxsilagdirilmus istilik istilik miibadilasi prosesi bas verir.

Divarin daxili sothinin temperaturu todqiq olunan mayenin psevdokritik temperaturuna ¢atdiqda
yaxsilagdirilmig istilik miibadilosinin baglamasi, siibhosiz ki, istilik-fiziki parametrlordoki doyisikliklorin istilikverma
prosesins tosirini gostorir. Bu goraitds biitiin istilik-fiziki xtisusiyyatlor kaskin sokildo doyisir vo ekstremal giymstloring
catir. Ustalik, kritik tozyiqden uzaqlasdiqca, istilik-fiziki xassalorin todqigatlarinin naticalorino goro vo psevdokritik
temperatur sahosinds fiziki parametrlorin doyisma siirati nazoragarpacaq dorocads zsifloyir, bu da istilik miibadilosine
miioyyan tosir gostormalidir.

Summary
Study of heat transfer during the movement of saturated hydrocarbons (n-heptane)
in a pipe at supercritical pressures
Mammadov Sh.H.

Key words: heat transfer, supercritical pressure, heat flux density, improved heat transfer mode, pseudocritical
temperature, turbulent mode, convective heat transfer

The results of the studies and observations, in our opinion, are sufficient to explain the cause of the occurrence
of certain heat transfer modes that occur at supercritical coolant pressures. At the same time, special attention was paid
to the nature of the change in the graph of the dependence of the wall temperature on the heat flux density, according to
which it was established that, regardless of the position of the pipe and the direction of fluid flow at supercritical
pressures and tc=tm, a regime with improved heat transfer occurs. The onset of improved heat transfer when the
temperature of the inner surface of the wall reaches the pseudocritical temperature of the liquid under study
undoubtedly indicates the influence of changes in thermophysical parameters on the heat transfer process. Under these
conditions, all thermophysical properties change sharply and reach their extreme values. Moreover, with distance from
the critical pressure, as shown by the results of studies of thermophysical properties and in the region of pseudo-critical
temperature, the rate of change in physical parameters noticeably weakens, which should have a certain effect on heat
transfer.
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Tasadiifi dolasmanin sarhad funksionalinin Laplas cevirmasi ii¢iin kasr tartib
diferensal tonliyin alinmasi
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MOQALD HAQQINDA MOLUMAT XULAS®
Magalanin tarixgasi Maqalada manfi sokiintii, miisbat atlamalar va gecikmo ekram ilo yari parkovskinin
Daxilolma tarixi: 20.08.2024 tasqdzk.ﬁ gozma ]?ros?sini_ aragdirir. Miisbat ekran gecikma.si ilo yari Markov tasadiifi
Diizolis tarixi: 20.09.2024 gozinti prosesinin riyazi dizaym verilmisdir. Bu prosesin sarhaod funksionalliginin
Qobulolunma tarixi: 25.12.2024 Laplasimi  ¢evirmak iigiin ayridmaz bir tonlik qurulmusdur. Xiisusilo, xiisusi

paylanmalar sinifinda fraksiya sirasimin diferensial tonliyina endirilon integral tonlik

qurulur. Miisbat gecikma ekrant ilo yari Markov tosadiifi gazinti proseslarinin sarhad

Agar sozlo r . . . Sfunksionalliginin sarti paylanmasinin Laplas cevrilmasi tapild:
Laplac ¢evirmasi, tasadiifi kamiyyat,

semi-Markov prosesi, kasr tortib
diferensial tonlik

1.Giris

Molumdur ki, yaddassizliq xassasi Markov proseslorinin bir vaziyyatdo gdzlomo miiddsting
mohdudiyyatlor qoyur. G6zlomo miiddoti ya eksponensial ya da hondosi paylanmaya malik
olmalidir. Lakin bir ¢ox totbiq olunan modellords gézlomos miiddati ixtiyari qanunla paylana bilor.
Bu da semi-Markov proseslorino gotirib ¢ixarir. Semi-Markov proseslori Markov proseslorinin
iimumilosdirilmasidir. Semi-Markov proseslori nozariyyasi elmo L'evy [1], Smith [2] vo Tak acs [3]
torafindon daxil edilmisdir vo bir ¢ox tadqiqatcilar torafindon inkisaf etdirilmisdir [4-11]. Semi-
Markov tosadiifi dolasma proseslori asimptotik metodlardan vo faktorizasiya metodlarindan istifado
etmoklo Lebovitz vo Perkus [12] vo Lotov [13] torafindon todqiq edilmisdir. Bir ¢cox hallarda ikili
cevrilmolorin faktorizasiya tosvirlorinin asimptotik tohlili baxilan paylanmalarin asimptotik
geniglonmosing gotirib ¢ixarir (bax, [13]). Lakin xiisusi halda semi-Markov tosadiifi dolagsma
proseslorinin ehtimal xarakteristikalar1 tigiin doqiq formulalar tapa bilorik. Bir nec¢o todqiqat
islorindo miixtalif tip semi-Markov tosadiifi dolasma proseslorinin hor hansi ekrana birinci dofo
catma aninin Laplas ¢evirmasi iigiin diisturlar tapilmisdir [14-16]. Bu islordo adi toromoli diferensial
tonliklordon istifado olunmusdur. [17,18] islorindo manfi axinli, miisbat si¢rayisli, gecikdiron ekrana
malik semi-Markov tosadiifi dolasma prosesinin sifir vo miisbat ekrana birinci dofo gatma aninin
Laplas ¢evirmasini tapmagq tigiin kosr tortib diferensial tonlikdon istifado edilmisdir. Bu isdo moanfi
axinli , miisbat sigrayish, gozlomolors malik vo gecikdiron ekrana malik semi-Markov tosadiifi
dolagsma prosesi Oyronilir. Semi-Markov tosadiifi dolagma prosesinin sorti paylanmasinin Laplas
cevrilmasi li¢lin inteqral tonlik qurulur. Xiisusi halda, qurulmus inteqral tonlik gamma paylanmalar
sinfindo kosr tortib diferensial tonliya gotirilir. Sonda, kosr tortib diferensial tonliyin doqiq halli
tapilir.
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2. Masalonin qoyulusu
Tutag ki, (Q,F,P) ehtimal fozasinda {&,,7,,<,.};, tosadiifi komiyyatlorin ciitlori
ardicilligr verilmisdir. Belo ki, hor bir ardicilliqdaki tosadiifi komiyyotlor asili deyillor vo
miisbatdirlor. Bu tosadiifi komiyyatlordon istifado edorak, asagidaki semi-Markov tosadiifi dolagsma
prosesini qurag:
k-1 k-1 k-1
Z_t"'Z[gi‘H?i]v [§i+ni]gt<2[‘§i+ni]+§k’
N
Z_Z§i+ Gis Z[§i+ﬂi]+§k3t<2[§i+ﬂi]'
i=1 i=1 i=1 i=1
0

burada ZzO. X (t) prosesi monfi axinli, miisbat sigrayish, gecikmolors malik semi-Markov
1

tosadiifi dolasma prosesi adlamir. Forz edok ki, bu prosesi a (& >0) ekraninda gecikdirilir ( bax,
[19])
X, (t)= X(t)-sup(0, X(s)-a).

0<s<1
Xa(t) prosesinin realizasiyalarindan biri sokil 1 do gostorilmisdir.

Sakil. Semi-Markov tasadiifi dolasma prosesi

Asagidaki kimi tosadiifi komiyyet daxil edok:
ot =inf{t: X,(t)=a}.
Ogor biitiin t- lor iigiin X, (t) < a olarsa, 72 = oo gotiiriiliir. Aydindir ki, 72 X, (t) prosesinin
a ekranina birinci dofo c¢atma amidir. 77 sorhod funksionali adlanir. Mogsadimiz 7, tosadiifi

komiyyatinin sorti paylanmasinin Laplas ¢evirmosini tapmaqdan ibaratdir.
Ogor X tosadiifi komiyyat olarsa , onda onun riyazi gdzlomosi EX kimi igare olunur.
Asagidaki kimi isarolomo aparaq

L(ofz) = Ele"|X,(0)=2). (@) = Ee"

L(6?|Z) funksiyasi 7, tosadiifi komiyystinin sorti paylanmasinin Laplas ¢evirmosi adlanir.

Forz edok ki, Xa(0)= Z (Z > 0). Aydindir ki, 7' tosadiifi komiyyetini agagidaki kimido
ifado edo bilarik:
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78— SR/t if z-&+¢,>a,
Lol 44T if =&+ <a
Burada T va 7, eyni qanunla paylanmis miixtolif tosadiifi komiyyatlordir.

Laplas cevirmasi iiciin inteqral tonliyin qurulmasi vo onun kasr tortib diferensial
tonliys gatrilmasi

Bu bolmads 7, tesadiifi komiyyatinin sorti paylanmasmin Laplas ¢evirmasi liglin inteqral

tonliyi qurulur. Qamma paylanmalar sinfindo qurulmus inteqral tonlik kosr tortib diferensial tonliya
gatirilir
Tam ehtimal diisturundan istifado etsok alariq:

L(6|z) =¢(0)Te‘95P{§1 >a—z+sjdP{& <s |+

+¢(0)Te‘95dP{§l<s}ja'L(6?|y)dyP{§1<y—z+s}. )

Forz edok ki, & tosadiifi komiyyati & >0 vo £ >0 parametrli Qamma paylanmasina, ¢;
tosadiifi komiyyati iso 4 >0 parametrli eksponensial paylanmaya malik tosadiifi komiyyatlordir:

ﬂa a-1

Xte ™ x>0, le ™ x>0,
0. 00-17(@) R
, X<0.
0, x<0,

Burada I'(ez) Qamma funksiyasidir. Bu halda (1) inteqral tonliyi asagidaki kimi olacaqdir

L(l9|Z) :/B »(0) g Ha-2) J‘e ~(4+0+p)s ga-lgs |

F(a) 0
/1,3 »(0) ﬂz ~(2+0+p)s ga-1 [ o2
B o (0) ~(a-2) /1,3 @ (0) I (2+0+p)sgat [ o2y
=—————"—¢ +— e e ”L(gy)dsd 2
(i+0+B) ) f f (¢ly)dsdy. @
(2) tonliyi lizerindo miioyyon ¢evirmalor aparsaq alarlq.
ez (6?|z)— APz L(0|z) __ 0B J'e(ﬁ“g)” (z—u)* " L(6|u)du. (3)
Me) -
Asagdaki kimi isarslomo daxil edok
Q(b2) =" L(f)2). 4
Onda (3) tonliyindon alariq:
Q.(0]2)- (2 + 0+ B)QY]z) = —% Q) -u)*du. (5)

Molumdur ki, Q(U|Z) funksiyasinin Veyl monada  tortib kosr inteqrali asagidaki kimi
verilir (bax, [20] va [21]):

D (Q(dz) = (—1 [ Q@)@ -u)*du.

Bu boraborliyi (5) do nozaroalsaq alariq:
Q,(6lz)- (2 +0+ B)Q(E2) =-28"p(0)D ™ (Q(6]2)). (6)
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Forz edok ki, @ € (0,1) va ¢(z) diferensiallanan funksiyadir. Onda ¢(z) funksiyasinin Veyl
monada ¢ tortib kosr toromasi asagidaki kimi verilir (bax, [20] vo [21]) :

1 z
D¢(z) =——— | (z—u)“¢'(u)du.
90 = gy [ -0 9 W)
(6) tonliyinin har iki torofino Veyl monada  tortib kosr toromoni totbiq etsok

D;*Q(flz)- (A +6+ B)DrQA2) + 45 p(6)(Q6]2) =0. )
tonliyini alariq
Beloliklo asagidaki teoremi isbat etmis oldug.
Theorem 1. Forz edok ki, Xa(t) prosesi monfi axinli, miisbat sigrayisli, gecikmoloro malik

vo a da gecikdiron ekrana malik semi-Markov tosadiifi dolasma prosesidir. Ogor & a >0 vo

£ >0 parametrli Qamma paylanmasina, ¢; iso A >0 parametrli eksponensial paylanmaya malik
tosadiifi komiyyatlor olarsa, onda (1) tonliyi (7) kasr tortib diferensial tonliyina gatirilir.

4. (7) tonliyinin hoalli

Tutaq Ki, k (0,00) da toyin olunmus hoqiqi funksiyadir. ¢X(®)? funksiyasinin z - o géra Veyl
monada  tortib kasr toromasini tapaq.

D“e @2 — (k(@))* <2,

(7) tonliyinin hallini Q(9|Z) =C(0)e"”* formasinda gotiirok. Burada k(@) (7) tonliyina

uygun kosr qlivvetino malik asagidaki xarakteristik tonliyin kokiidiir
K@) = (2+0+ ) [k(O) +28°p(6) =0 ®)

vo C(#) namolum funksiyasini iso

L(6|0) — ﬂ ¢(9) e—la Je—(i+€+ﬂ)ssa—lds +
0

I(a)

AP p0) ¢ —~(A+60+p)s -1 ¢ “y
+———|e s |e¥L(Gly)dsdy. 9)

i | Jerranesy
sorhad sortinden tapmaq olar.

(@)-don  L(A2)=C(0)e“ " \oraborliyini  aliriq. Tosadiifi komiyyotin  sorti
paylanmasmin Laplas ¢evirmasinin terifino goro L(0]z) =1. Demali, C(0) =1vo k(0) = 3.
Q(6]2) -nin ifadosini (9) da nozors alsaq
C0) = B o (0) o | AB°p(6)C(0) e(k(&)ﬂﬂ@)a:‘fe(A+6’+ﬂ)ssalds _
(A+p+0)° Na)(k(0)-1-5-0) >
_ AB % p(0)C(0) g2 Te_kw)ssa_lds.
Fa)k@)-1-5-6)" 3

cobri tonliyini alariq.
Axirinet baraborlikdon is9 aliriq:

C(g) - _ k(e) -A-6 _ﬂe—(k(ﬁ)—ﬂ—ﬁ)a .
A
Sonda 7, tosadiifi komiyyatinin sorti paylanmasinin Laplas ¢evirmosi agagidaki sokildo olur

L(bJz) = - k(0) - ’Z‘ b- 'Be(k(ﬁ)*ﬁfe)(zfa) .
Beloliklo agagidak: teoremi isbat etmis oldug.
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Theorem 2. Forz edok ki, Xa(t) prosesi monfi axinli, miisbat sigrayisli, gecikmoloro malik
vo a da gecikdiron ekrana malik semi-Markov tosadiifi dolasma prosesidir. Ogor & a >0 vo
S >0 parametrli Qamma paylanmasina, ¢; iso A >0 parametrli eksponensial paylanmaya malik
tosadiifi komiyyatlor olarsa, onda (7) tonliyinin doqiq holli

k(O)—A—-60— z-a)+(0+p)a
Q((9|Z)=— ( ) /1 ﬂek(ﬁ)( JH(0+p)a

olur.
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Summary
Obtaining the fractional order differential equation for the Laplace transform
of a boundary functional of a random walk
Ibayev E. A., Omarova K. K

Key words: Laplace transform, random variable, semi-Markov process, fractional order differential equation

In this paper we investigate the semi-Markov random walk process with negative drift, positive jumps and
delays. We give a mathematical construction of the semi-Markov random walk process with a delaying positive screen.
The 1ntegral equation for the Laplace transform of the boundary functional of this process is constructed. In particular,
constructed integral equation reduced to the fractional order differential equation in the class of special distributions.
The Laplace transform of the conditional distribution of the boundary functional of the semi-Markov random walk
processes with positive delaying screen is find.

Pesiome
Ioaydenue nuddpepeHnnalLHOr0 ypaBHeHHs APOOHOro NopsAaKa 1Js Npeodpa3oBanusa Jlannaca rpaHU4YHOrO
(pyHknmonasa ciaydaiiHoro 6.1yk1aHus
Hoaee 3. A., Omaposa K. K

Knroueevie cnoea: npeobpazosanue Jlannaca, cayuaiuHas — GeiuduHd,  NOJYMAPKOBCKULU — Npoyecc,
oughgpepenyuanvroe ypasnerue OpooOHO20 NOPSAOKA

B nmanHO# paboTe wmccimemyercs IMpoIecc IMOJIYMapKOBCKOTO CIYYalHOTO ONYXKOaHWS C OTPUIATEIBHBIM CHOCOM,
MOJIOKUTCIHHEIMA CKAaYKaMH ¥ 3aJICpKUBAIOIIAM d3KpaHoM. Jlama wmaTteMaTmdeckas KOHCTPYKIHS TIporecca
MTOJYMapKOBCKOTO CIY9aliHOTO ONYKIAHHS C 3aCP>KUBAIOIINM ITOJIOKUTEIBHBIM dKpaHoM. [locTpoeHo HHTEerpaipbHOE
ypaBHeHHEe A mpeoOpaszoBanust Jlammaca rpaHu4HOro (yHKIMOHana 3TOro mpouecca. B 9acTHOCTH, MOCTPOEHO
HHTETpajJbHOE ypaBHEHHUE, CBOsIIeecs K AU pepeHInaTbHOMY YPaBHEHHIO IPOOHOTO MOPS/IKa B KJIAcCe CIEHanbHbIX
pacupenenenuii. Haiineno npeodpasoBanue Jlamiaca ycaoBHOTO pacrpee/ieHUsI TPaHUYHOT0 (DYHKIIMOHAJIA MPOIECCOB
MTOJTIYyMapKOBCKOTO CIYy4allHOTO OJIy>KTaHUS C MOJIOKHUTEIBHBIM 3a/I€PKUBAIOIIUM SKPAHOM.
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Elektrik enerjisinin ucotu informasiya-ol¢cma sisteminin metroloji tominati
Goancayev Namiq Eytibar oglu

Azorbaycan Dovlat Neft va Sanaye Universiteti, Bak:, Azarbaycan, doktorant
namig040@mail.ru

MOQALO HAQQINDA MOLUMAT XULASO

Magalanin tarix¢asi Xalq tesorriifatimin inkisafini tamin edan elektrik enerjisinin ugotu zamani
Daxilolma tarixi: 02.10.2024 yaranan xatalar, garginlik, carayan, sabokada yiikiin xarakterindon asilt olan
Diizalis tarixi: 20.09.2024 faza siiriismaSi, asas Vo ali harmonikalarin elektrik enerjisinin Olgiilmasi
Qobulolunma tarixi: 25.12.2024 Xatalarmna tasirinin tadqiqi, Xatalarin va bununla slagadar miivafiq itkilarin

azaldilmast maSalalori arasdirilmis, elektrik enerjisini ugotu tictin tatbiq
Acar sozlar: olunan 6lgma vasitalorinin asas xiisusiyyatlori, bunlar asasinda informasiya-
faza siirtismasi, elektrik enerjisi, 6lema sistemi yaradarkon 6lgma kanall iizra Xatalarin yaranmasi sabablori va
informasiya 6lgma-sistemi, dolayt Mongayi tohlil olunmugdur. Tahlil naticaloring istinadon muixtalif dlgma
Glema, 6lgma Xatasi. vasitolari (voltmetr, ampermetr, elektrik enerjisi saygaci, garginlik va carayan

transformatorlary) asasinda  qurulmug informasiya-élgma  Sistemlarinin
struktur sxemlarine uygun olaraq olgma kanali iizro Xotalarin manbayi
gostarilmakla, sistemin  metroloji tominatinin ~ struktur sxemlori tortib
edilmigdir. Gostorilmisdir ki, dlgmo  kanalimn  xatalart  hom  6lgma
vasitolorinin  konstruksiyast va is prinsiplori, hom da signali emal
qurgularimin  aparat-proqram Xxotalar: ilo  yanasi, elektrik sobokasinda
gorginlik va carayan harmonikalarmmin, miiayyan oangallorin  tasirindan
tohriflor sababindon yaranan xotalarla, dolayr iisulla 6l¢iilan elektrik
enerjisinin  tayin olunmast xoatasi 2sasan gorginlik, corayan vo faza
stirtismasinin ol¢tilmasi Xatalari, eloCa da hamin kKamiyyatlorin élciilmasi ticiin
totbig olunan element va cihazlara temperaturun tasirindan - atraf miihitin va
qurgunun isi gedisinda amala galan istilik sayasinda yaranan xata ilo miiayyan
edilir. Temperatur Xxotast askar sokildo olmayib, miixtalif nov xatalarin
torkibina daxil ola bilor. Bu baximdan temperaturu kompensasiya, yaxud
temperatura gora diizalis sxemi va ya sxemlorindon istifado etmok
moaqsadauygunlugu bir daha geyd edilmigdir

1. Giris

Olkomizdo, isgaldan azad edilmis orazilordo gedon inkisaf vo yenidon qurma proseslorinin
stirotlonmasi {igilin elektrik enerjisinin istehsali durmadan artirilir. Bu voziyyotds elektrik enerjisinin
istehsali vo istehlaki zamani enerjinin 6lgmo doqiqliyinin vo onun ucgotunun diiriistlilyliniin
yiiksoldilmosi osas mosalolordon biridir [1]. Istehlak edilon elektrik enerjisinin xeyli sayda
parametrlor nazors alinmagla Olgiilmesi ¢ox funksiyali avtomatlasdirilmis ugot sistemlori istifado
etmoklo yering yetirilir. Son illordo, elektrik enerjisi ugotu iigiin informasiya-6lgmo sistemlori (10S),
eloca do ii¢ vo dord naqilli {i¢ fazali sobokslordo aktiv, reaktiv vo tam giiciin, faza gorginliklori vo
coroyanlart orta kvadratik qiymoatlorini doqiq 6l¢gmoyo imkan veron teledlgmo sistemlori genis
yayilmigdir.

Moévcud elektrik saygaclarinin funksional imkanlar genisdir. Bunlara: ¢ox tariflilik, elektrik
birbasa vo oksino enerjisinin axinlarinin ugotu, aktiv vo reaktiv saygacda bir cihazda birlogsmosi,
informasiya-6l¢gma vo enerjinin morkazlasdirilmis ugotu sistemlori tigiin malumatlarin Stiiriilmasi,
verilmis zaman intervalinda molumatlarin toplanmasi vo yadda saxlanmasi asanligi, eloco do
nozarat edilon sobokonin carayan, garginlik, giic, glic amsali, tezlik xarakteristikalarini 6l¢iilmasi,
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yiik grafiklori va cadvallarinin qurulmasi kimi imkanlar daxildir. Kifayat qodor uzaq montagolor
iiclin elektrik 6lgmo cihazlarinin ¢ox funksiyali olmasi, 6lgmo noqtalori (montogolori) orazi iizro
yigcam yerlosirso, elektrik enerjisi saygaclarinin bazi miirokkob funksiyalariin elektrik enerjisinin
ucotu informasiya-6l¢gmao sistemina Gtiiriilmosi daha moagsadsuygundur.

2.Maqsad

Elektroenergetikada bazar miinasiboatlorinin inkisafi zamani bir ¢ox enerji sistemlarindo
oksoran texniki itkilori tistoloyon kommersiya itkilorinin azaldilmasi mosalalorine getdikco daha ¢ox
diqqet yetirilir. Hazirda kommersiya itkilorinin 30-50%-0 qodori elektrik enerjisinin 6lgma
xotalarmin vo elektrik enerjisino nozarot vo ugot iiclin avtomatlagdirilmis sistemlorin geyri-
miikommal olmast ilo miisyyon edilir [5].

Olgmo cihazlarmin xotalar elektrik stansiyalar1 torofindon istehsal olunan vo istehlakgilara
verilon elektrik enerjisinin ugotunun dogiq olmamasina sabab olur. Ona gora do elektrik enerjisi
itkisinin bu hissesini 6l¢mo itkilori (xotalar1) adlandirmagq olar. Olgms itkilori hor 6l¢mo kanalinda
yekun xotaya goro miioyyon edilir ki, bu da 6z ndvbasinds torkibinds tosadiifi vo sistematik torkib
hissalorinoe malik imumi xatalarla xarakterizo olunur [2].

Elektrik enerjisi dolay1 tisulla Slgiiliir. Dolayr 6lgmo naticolorinin alinmasi ii¢lin on timumi
prosedura ¢oxkanalli informasiya dlgmo sistemlorindo realizo olunur. Umumi halda, talob olunan
notico bir ¢ox doyisonlorin - miirokkob obyektin parametrlorinin I0S-iin miixtalif 6lgmo kanallar:
vasitosi ilo olds edilon birbasa 6l¢iilmasi naticalorinin funksiyasi kimi hesablanir.

Elektrik enerjisinin monitoringi vo ugotu iigiin I0S 6ziinomoxsus xiisusiyyatloro malik
olmalidir: miixtolif istehsalgilar torofindon istehsal olunan elektrik saygaclarmin vo dlgii
transformatorlarinin istismar yerindo qurasdirilmasi, saho iizro vo orazi lizra paylanmasi vo naticoda
coxkanallt komponentlori arasinda uzun rabito xotlorinin olmasi, istismar gedisinde qurasdirma
imkani, 6lgmo obyektlorino konstruktiv qosulma, hesablama texnikasi ilo tam tomin olunmasi va s.
Bundan basqa, elektrik enerjisinin monitoringi va ugotu iiciin I0S-iin ¢ox hissesi daha miirokkab
strukturlarin torkibino daxil olmalidir [4,8].

Baxilan halda, enerjinin 6l¢iilmasi dolay1 6lgmonin naticasi olub, birbasa tisulla dlgiilon bir
komiyyotin (gorginlik, caroyan, faza siiriismosinin vo zamanin) funksiyasidir. Bu hal yalmz 10S-do
deyil, hom do prosessorlu vo ya kontrollerli (mikroprosessorlu) rogomsal cihazdan (roagomsal
elektrik saygaci) istifado edorkon vo ya bir komiyyatin birbasa 6lgmolorinin naticolorini ol ilo emal
edorkon yaranir.

Molum oldugu kimi, doyison corayan elektrik giicii vo onun qiymatino asason elektrik enerjisi
belos toyin olunur:

P =Ulcos@ vo W = PT = UIT cos @, 1)
burada P — elektrik giicli; U — totbiq edilon gorginlik; | — yiikdon (islodicidon) axan coroyanin
siddati; @ — gorginlik ilo coroyan arasinda faza siirtismasi; W — elektrik enerjisi; T — yiikiin sobokaya
(qida monbayina) qosulma miiddatidir. Burada asas komiyyat olan elektrik enerjisi W digor u, 1, ¢
komiyyatlorinin birbasa 6l¢mo naticolorine asason tayin olunur.

Kompiiter programlart iiglin giris verilonlori olan birbasa G6lgmo noticolorinin kompiiter
vasitosi ilo hesablandigir hallar iiclin dolayr 6lgmolorin metroloji struktur sxemi sokil 1-do
gostorilmisdir.
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Sakil 1. IOS-d> yerina yetirilon dolay: 6l¢malarin metroloji strukturu

Sokil 1-do togdim olunan metroloji struktur-sxemdo baslangic verilonlor kimi sabit
komiyystlor vo doyison komiyystlorin birbasa 6lgmo naticalori istifade olunur. Burada T zaman
miiddatinin 6lgmo xatast nozars alinmir. Bu zaman axtarilan dolay: dlgiilon elektrik enerjisi W-nin
qiymati bilavasito Olclilmali olan gorginlik - u, coroyan i vo gorginliklo coroyan arasinda faza
stirtismasi - ¢ kamiyyatlori ilo W = U-I-T-cosp funksional asililig1 ils slagadadir. Real hesablamalar
dolay1 6lgma naticasini

W*=U"I"T cos ¢* 1)
veracokdir ki, bu giymat
AW =W* =W = (u'i* cosp™ —uicos@) T 2
miitloq xotasini ehtiva edir.
Burada
U* = U +Au; i* =i +4i; p* = ¢ +4¢ 3)

komiyyatlorinin birbaga 6l¢iilmasi naticalaridir.

Dolay1 6lgmalarin naticolorinds xatalar asagidaki sabablordon yaranir:

- rogamsal kompiiterlords kosilmoz funksiyalarin vo masolon, inteqrallama vo diferensiallama
kimi omaliyyatlarin toqribi realizo edilmasi;

- dolay1 6lgmalarin naticalarinds irsi xotalar yaradan birbasa 6lgma naticalarinin Au; Ai va Ag
xatalari;

- hesablamalar zamani1 yuvarlaqlagdirma, iterasiya proseslorinin dayandirilmasi vo digor
sobablordon yaranan xatalar.

Xatalar nazariyyasina [6] uygun olaraq, dolayr dlgmalorin daqigliyini qiymatlondirmak ii¢lin
signalin ikinci vo daha ytiksok tortibli hadlorinin nozere alinmadan Teylor sirasina ayrilmasi istifado
olunur. Bu halda timumi xatanin miitlaq qiymati asagidaki kimi miisyyan edilir:

af
A= 31 [ A @)
burada m - arqumentlorin say1; f — 6lgmo funksiyasi; X; — i-ci arqumentin geyd olunmus qiymati; 4; —
i-ci arqumentin miitloq xotasinin hiidudlaridir.

Bu zaman 6l¢gmo kanallarinin macmu nisbi xatalar1 dpx asagidaki kimi toyin olunur:
Dord naqilli qosulma sxemi ti¢iin

1,96 1 2 2 2
8ok = f\/é‘s2 + 21'3=1 (E Sxi) + Z§'=1 5]'2 + Zi3=1 (§ 6CTi) + 2?:1 (é 6GTi) +

3 1 2 3 1 2
+3% (5100 6critgp) + XL, (5100 - 66ritge) (5)
Ug naqilli qgosulma sxemi {iciin
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, 2 2
%w%%J¥+EﬂG%)+mﬂ¥+wa+%a%§f¢+3+umw%ﬁwmn-

(Gtg*e +9) (6)
burada os — elektrik enerjisi saygacinin (S) osas nisbi xotasinin hoddi, %; Ooct — corayan
transformatorunun (CT) corayan xatasi, %; 6ct — gorginlik transformatorunun (GT) gorginlik xatasi,
%; Oct vo Ot — coroyan vo gorginlik transformatorlarinin bucaq xotalari, radianla; 6y vo Osj —
xatlords yol verilon gorginlik itkilari vo saygacin olava xotalari; %; | — faza ndmrasi; j — saygacin
olava xatasinin ndmrasi; | — saygacin slave xatalariin sayidir.

Dord nagqilli sxemdo elektrik enerjisini eyni 6l¢gma cihazlari ilo 6lgarkon imumi xota daha az
olur. Bir 6lgmo kanali ii¢lin qeyd edilon xotalara vo 6lgmo tisuluna uygun sxemlor asagidaki kimi
olacaqdir (sokil 2 va sokil 3).

l Saboka

> Ogr, dg1 dv » Oarc [¢—>{ Ohi |l 5,
Y A
U O \ ’
K > Ocr, OgT > oa Sex

Sakil 2. Transformatorlu giris dovrali IOS-da xatalarin strukturu:
Oy — voltmetrin xatasi; op — ampermetrin xatasi; o, — kommutatorun daxil etdiyi xata; d4z¢c — analog-
raqam ¢eviricisinin xatasi, oni— hesablama-idaraetmo qurgusunun xatasi,; oxs— kompiiterin (serverin)
xatasidir. Sonuncu xatanin mangayi alqoritmik xata olub, yuvarlaqlasdirma, iterasiya amaliyyatlari ilo
alagadardir

Struktur sxemlordo gostorilon bloklar, modullar, element vo qurgular iizro temperatur xotalari
homin komponentlora aid olan xaotalarin torkibino qeyri-agkar sokildo daxil olub, temperaturun
kifayoat qodor doyigmosi zamani Oziinii biiruzo verir. Cihazlara temperaturun tosirindon - otraf
miihitin vo qurgunun isi gedisindo amolo golon istilik sayssinds yaranan xata ilo miisyyen edilir.
Temperatur xotast askar sokildo olmayib, miixtolif név xotalarin torkibino daxil ola bilor. Bu
baximdan temperaturu kompensasiya, yaxud temperatura goro diizolis sxemi vo ya sxemlorindon
istifado etmok mogsadouygundur.

A 4

dcs Sarc [ Ohi [« O

\ 4

A

\ 4

dcs >

Sakil 3. Sensorlu giris dovrali IOS-da xatalarin strukturu

Sokil 3-do dgs— gorginlik sensorunun xatast; dcs — carayan sensorunun xatasidir. Zamana goro
doyison u, i kamiyyatlorini ¢oxkanalli I0S vasitasi ilo 6lgarkon, birbasa 6l¢malorin naticalorindo
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xotanin torkib hissesi olan apertur xotasi xeyli arta bilor. Bu onunla olaqadardir ki, I10S-iin 6lgmo
kanallar1 ardicil olaraq idarosedici kontroller vasitasi ilo sorgu edilir vo sorgu middoti hor bir
kanalda 6l¢mo miiddoti, miibadilo protokolunun yerino yetirilmosi miiddoati vo uzlasdirma interfeys
qurgularmin coaldliyi ilo alagodar miiddstin comindon ibaratdir.

Buna goro do, belo kanallar torafindon yerino yetirilon faktiki 6lgmo anlart forqlonir. Eyni
zamanda, dolay1 6l¢manin hor bir naticosi zamanin miioyyon anina, bir qayda olarag, birinci kanala
miiraciot anina aid edilir [7]. Coxkanall1 6lgmolordo hesablama diisturlarina daxil olan komiyyat-
lorin faktiki 6l¢lilmo anlarinda forq boyiik olub, dolay1 6lgmo naticolorindo xeyli apertur xotalarina
sabab ola bilar.

Beloliklo, zamana goro doyison U, i vo ¢ komiyyatlori coxkanalli 10S vasitesi ilo dlgorken
dolay1 6lgmolorin naticasinin xatasi ii¢ilin ifado asagidaki sokildo olacaqdir:

AW (t;) = u*(t; + Aty) - i*(t; + Aty) - cos @™ (t; + At3) - T —u(t; + Aty) - i(t; + Aty) -

~cos@(t; +At3) T (7

Burada At;, Aty, At3 - 6lgmo kanallari {izro 6lgmolorin zamana gora qeyd edilmasi ilo alagadar
zaman gors longimo (siirlismo) xotalaridir.

Bu xotalar I0S kanallarinin ndémrasi artdiqca (vericilor ardicil sorgu edildiyino goéra) artir.
Coxkanall1 6lgmo sistemlorindo oxunusda tanisliq sohvlorini azaltmaq iiglin radikal bir vasito
coxkanallt segmo vo saxlama cihazidir (SSC). SSC kommutatordan avval qosulur. Normal is
rejimindo ¢ixis signali giris signalin1 tokrarlayaraq izlomo rejimindo isloyir. Kanali sorguya ti
baslama aninda interfeys vasitosilo kompiiterdon signal daxil olur vo SSC-ni sistem kanallarinin
cixisindaki biitliin signallarin eyni zamanda saxlanmasi rejimino kegirir. Kommutator kanallari
sorgulayir va 6z ndvbasinds eyni zaman anina aid ¢ix1s signallarinin ani doyarlarini névbas ilo ARC-
nin giriging, sonra isa yazilmaq vo ya emal etmok iiciin kompiiterin yaddasina gondorir. SSC-nin
izlomo rejimindon saxlama rejimino kecgid miiddsti onlarla nanosaniyo, bu zamanin dispersiyast iso
daha da kigikdir. Buna goro do kommutatorun (multipleksorun) xatasi ciizi olacaqdir. Belaliklo,
zamana gors siirligmo xotalarinin tosirini, demok olar ki, tamamilo aradan qaldirilir.

Miiasir tipli raqomsal elektrik saygaci totbiq olunan IOS iiciin xotalarin strukturu miiasir
elektrik saygacini (MES), rabito xotlorini vo kompiiterin daxil etdiyi xotalar1 ohato edocok vo sokil
4-da gostarildiyi kimi toqdim edilocokdir. Sokil 4-da dvesn — MES-in xatasidir (n = 1,N).

Belo bir strukturlu I0S-do iimumi xotam1 kommutatorun daxil etdiyi xota; hesablama-
idaroetmo qurgusunun (kontrollerin) xotasi; kompiiterin (serverin) alqoritmik xotasini1 azaltmagqla
endirmok miimkiindiir.

Toklif edilon sxemlor iizro slavo xatalar hom sobokods harmonikalarin mévcudlugu, hom do
O0lcmo qurgularina temperaturun tosiri ilo yaranan xotalarla miioyyon olunacaqdir. Bundan basqa,
informasiyanin elektrik xotlori ilo Gtiiriilmasi adlar1 ¢okilon xotalarin strukturunda miioyyon godor
doyisikliyo sobab olacaqdir ki, bu da yeno do elektrik sobokosindo harmonikalarin yaranmasi ilo
olagoadardir [9].

Y g 5MES:I. N
U
K >  Omesz [
L Ok [ Ox >  Oks
O H———————— >
R
> Omesn €

Sakil 4. Miiasir elektrik saygacli I0S-da xatalarin strukturu
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Natico

Olgmo kanalinda xotalarin yaranma monbalorinin tohlili naticesinde gdstorilmisdir ki, homin
xotalarin yaranmasi 6l¢gma vasitalorinin is prinsipi, konstruksiyasi, informasiyanin analoq sokilden
rogomsal formaya vo oksino g¢evrilmasi, elektrik enerjisinin Ol¢lilmosindo olavo xotalar iso hom
sobakado harmonikalarin mévcudlugu, hom do 6lgmo qurgularina temperaturun tosiri ilo yaranan
xotalarla miioyyon olunur.

Cihazlara temperaturun tasirindon - otraf miihitin vo qurgunun isi gediginde amals galon istilik
sayosindo yaranan temperatur xotasi askar sokildo olmayib, miixtolif ndv xotalarin torkibine daxil
ola bilor. Bu xatan1 azaltmaq l¢iin temperaturu kompensasiya, yaxud temperatura goro diizalis
sxemi vo ya sxemlorindon istifado etmok mogsodouygundur.

Coxkanalli 10S-lordo dlgmolari paralel yerino yetirmok miimkiin olmadigma goro birbasa
Olemolords 6lgmonin aparildigi anlarin siiriismosi bas verir ki, bu da noticods olavo xotalarin
yaranmasina gotirib ¢ixarir.
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Summary
Metrological support for the information-measurement system of electric energy accounting
Ganjayev N.E.

Keywords: phase slip, electrical energy, information and measurement system, indirect measurement,
measurement error.

The primary features of the government tools used to measure electric energy include the errors that arise during
electricity accounting, which is essential for the development of the national economy within an information-sharing
system. Issues related to reducing these errors and the associated losses are also addressed.

The study analyzes the main characteristics of the measurement devices employed for electric energy
accounting. It explores the causes and origins of errors in the measurement channel when developing an information-
measurement system. Based on the analysis results, the sources of errors in measurement channels are identified
according to the structural schemes of information-measurement systems utilizing various measuring devices (such as
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voltmeters, ammeters, electric energy meters, and voltage and current transformers).

It has been demonstrated that errors in the measurement channel arise not only from the design and operating
principles of the measuring instruments and signal processing devices but also due to distortions caused by harmonics in
the voltage and current within the electrical network, as well as specific interferences. The primary sources of
measurement errors in determining electric energy are mainly related to inaccuracies in measuring voltage, current, and
phase shift, along with errors induced by temperature effects on the elements and devices used for these measurements.

Although temperature errors may not be immediately apparent, they can contribute to various types of
inaccuracies. In this context, the importance of implementing temperature compensation or correction schemes has been
emphasized once again.

Pe3ome
MertpoJiorndyeckoe odecnedenne HHHPOPMAHOHHO-U3MEPHUTEIHHOIM CHCTEMBI
yudera JIeKTPUYECKoii IJHepruu
I'anooscaes H.D.

Knwouegvie cnosa: ¢azosoe cronviicenue, I1eKMPUYECKds IHepeUs, UHGOPMAYUOHHO-UIMEPUMENbHAA
cucmema, KOC6eHHOe usMeperue, No2PeuHOCHb U3MEPEHUSL.

K OCHOBHBIM O0COOEHHOCTSIM TOCYAZAapCTBEHHBIX HHCTPYMEHTOB W3MEPEHHUS 3JIEKTPOIHEPTUH OTHOCSTCA
OLIMOKY, BO3HUKAIOIIUE NPU YUETe DJIEKTPOIHEPIHH, YTO HEOOXOJMMO Ul Pa3BUTHS HAIIMOHAIBHOW SKOHOMHUKH B
paMkax cucTeMbl oOMeHa wuH(popmarued. Takxe paccMaTpHBalOTCS BONPOCHI CHW)KEHHS O3THX IOIPEITHOCTEH M
CBS3aHHBIX C HUMH IIOTEPb.

B nccnenoBannm aHanM3UpPYyOTCSl OCHOBHBIE XapaKTEPUCTUKNA U3MEPHUTENILHBIX MPUOOPOB, UCIIONb3YEMbIX IS
ydera 3J1eKTpo3Hepruu. Mccineayrorcs NpUYMHBI U NPOMCXOKIEHUE IOTPEIIHOCTEH B U3MEPUTEIBLHOM KaHaje IIpU
co3MaHMM  MH(OPMAIMOHHO-U3MEPUTENBHONH cucTeMbl. [lo  pesynbraraM aHanM3a ONpPENENCHBl HCTOYHUKH
MOTPEIIHOCTEH B KaHAJTaX W3MEPEHUS B COOTBETCTBUM CO CTPYKTYPHBIMH CX€MaMU HH(OPMAIIIOHHO-U3MEPHUTEIBHBIX
CHCTEM, HCTIONIB3YIONINX PA3IMIHbIE N3MEPUTEIbHBIC TPHOOPH! (BOIBTMETPHI, AMIEPMETPBI, CIETIUKH HIEKTPHUECKOH
SHEPTHH, TPAHC(HOPMATOPHI HANPSDKEHHS U TOKA).

ITokazaHo, YTO MOTPEIIHOCTH B KaHAJE U3MEPEHHUS BO3HUKAIOT HE TOJIBKO M3-332 OCOOCHHOCTEH KOHCTPYKIINU H
MPUHIONIA ISHCTBHUS M3MEPHUTEIbHBIX MPHOOPOB M YCTPOMCTB OOpPaOOTKH CHUTHAJIOB, HO M BCIEACTBUE WCKa)KCHUH,
BBI3BAHHBIX TapMOHHKAMH HANpsDKCHHUS M TOKa B DJICKTPHUYECKOM CETH, a TaKkKe CHeHU(PHYECKUMH NOMEXaMH.
OCHOBHBIE HICTOUYHHUKH MOTPELTHOCTEN M3MEpPEHHUH NpU ONpEeAeTIeHUN JIEKTPHUECKON SHEPTUU B OCHOBHOM CBS3aHBI C
HETOYHOCTSIMHM TIPH W3MEPEHUHU HANpsDKEHHs, TOKAa M (a3oBOr0 CIBUra, a TAKKe C MOTPEIIHOCTSMH, BBI3BAHHBIMU
TEMIIEPaTYPHBIM BO3ACHCTBUEM HA DJIEMEHTBI U YCTPOMCTBA, UCIIONb3YEMBbIE IS 3TUX U3MEPECHUM.

XoTs TeMIepaTypHbIe MOIPENIHOCTH MOTYT OBITh HE Cpa3y 3aMeTHBI, OHH MOTYT BHOCHUTH CBOW BKJIaJ B
pa3IuyHbIe BUABI HETOYHOCTEN. B CBSA3M ¢ 3TUM ellie pa3 NOAYEPKUBACTCS BAXKHOCTh PeaIM3alui CXEM TEMIIEPaTypHOM
KOMIIEHCAIIUH WX KOPPEKLIUU.
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Article history: To control multidimensional complex systems, the elements that make up the
Received: 03.10.2024 system must be known. These systems are applied to multidimensional
Received in revised form: 24.12.2024 objects. The size of the objects is determined by the number of their control
Accepted: 26.02.2025 inputs and controlled outputs. The problem of parametric synthesis consists
only in determining the parameters of these systems. For this, it is required to
Keywords: collect information in the system at equal intervals for each known object of
regulator, transition curve, the system. To solve this problem, experiments were organized on the
identification, transfer function, example of regulators that form part of the system and the results were
mathematical model obtained.

1. Introduction

Oil has a very complex composition. The processes for determining the composition of oil are
quite simple. Each oil brand is determined based on other obtained compositions, and a certain
quality indicator is assigned to it based on operating costs and demand for the specified products
[1]. Among the oil refining enterprises included in the fuel and energy complexes, complex
equipment that provides the primary processing of oil occupies a special place.

Oil heated to 350-400 °C in heating furnaces enters the rectification column. Then, the process
of continuous evaporation and condensation of the components in the liquid state of the oil occurs
in the column. The boiling temperature of the products in the plates placed horizontally should be
close to each other. The upper plates contain fractions boiling at lower temperatures, and the lower
plates contain fractions boiling at higher temperatures.

This complex equipment in itself constitutes a very complex system. In order to synthesize
and analyze such systems, it is necessary to identify the object by control and excitation channels.
The identification process implies obtaining transfer functions for control objects. After obtaining
the transfer function of the object, parametric synthesis of the regulated system is performed. To
obtain the transfer function, full detailed information about the object is required.

2.Problem

The ratio of the output quantity of an object to the input quantity under the initial conditions is
called the transfer function [2]. Active experimental methods are often used to obtain these
functions. In order to create a dynamic model of an object, impulse-shaped signals are given to the
input, and the cases of deviations of the object from the regulation values can be analyzed according
to the transition process curve obtained at the output. The main problem when setting the problem is
that after the emergence of exciting effects, the object does not deviate from its regime values, that
is, does not violate its regulation
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3. Problem solution

Identification of objects is understood as the determination of the structure and parameters of
their mathematical models based on observations. Identification is a multi-stage operation, and
several empirical statistical methods can be used during identification. In general, the problem of
identification is the determination of a model that converts the input effects of an object into output
quantities by various mathematical means [3].

During the solution of the problem, the issue of synthesis of a temperature control system in
the upper part of the rectification column of the ELOU-AVT-6 unit was considered. For this, first of
all, a regulator suitable for the regulated process is connected to the system. Here, it should be taken
into account that the current temperature value often deviates from the regulation value depending
on the exciting effects. For this reason, the difference between the regulation value and the current
value should always be minimized. In such a case, when solving the problem under consideration, it
IS more appropriate to connect a Pl-type controller to the system.

Before starting the experiment, the controller's tuning parameters must be changed,

W(p) = Ky, (T; > 0, Tgir = 0).

The optimal values of the required quality indicators of the transfer function of the controlled

object and the tuning parameters of the controller must be calculated.

Benzin

I S

Soyutma
Xotti

K-2

Fig. 1. Temperature controlling scheme in the rectification column.

y(t)

X P, dog

t, = 5daq

Fig. 2. Transition curve of the controlling process.
The temperature controller (TC) receives information about the current temperature value
(y) at the top of the column. The difference between the current value and the set value (x) is
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compared in the temperature controller, and the final control signal is sent as a command signal to
the input of the flow controller (FC).

If the current temperature at the top of the column exceeds the specified set value, the flow
controller generates a final control signal and sends a command signal to the control valve on the
cooling line, returning the cooling liquid back to the system, returning the temperature at the top of
the column to the set value.

An analytical method using the amplitude-phase-frequency characteristic was used to
calculate the tuning parameters of the temperature controller connected to the automatic control
system. After connecting the PI controller to the closed-loop control system, the output signal of the
controller in the process was u=~58%, the temperature above the rectification column was yy~95°C,
and the parameter setpoint was x~95°C. When the setpoint of the controller was increased, the
following values corresponded to the new settled regime of the system u = 62% , y; = 99°C,
x1 = 99.5°C

According to these values, the transfer function of the system and the object is determined
by the following formulas.
0.131p +1

0.549p2 + 1.156p + 1

Wob(p) = 2.85 3.873p2+6.973p+1 ¢ 1

The optimal values of the controller's tuning parameters were as follows
K, =293,T, = 2.93,

WP (p) = 0.83

sis

4. Conclusion

The synthesis of a control system consists of selecting the structure of the system, its
elements and parameters to ensure the given quality indicators. The stability and quality indicators
of the system depend on the formulation of its characteristic equation and coefficients. In solving
the above problem, the characteristic equation of the system and coefficients for the controlled
object were formulated. Within these coefficients, the control system will maintain its mode
parameters at optimal values.
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Xiilaso
Neftin ilkin emali proseslorinds tanzimloyicilor iiciin parametrik sintez iisullarinin toskili
Moacidov EM.

Acgar sozlar: tonzimlayici, kegid ayrisi, identifikasiya, 6tiirma funksiyasi, riyazi model.

Coxolgiilii miirokkab sistemlori idara etmok iigiin sistemi togkil edon elementlor malum olmalidir. Bu sistemlor
¢oxdlgiilii obyektlora totbiq edilir. Obyektlorin 6l¢iisii onlarin nozarat girislorinin vo idars olunan ¢ixislarinin sayi ilo
miioyyon edilir. Parametrik sintez problemi yalniz bu sistemlorin parametrlorinin miisyyen edilmesinden ibaratdir.
Bunun {igiin sistemin hor bir molum obyekti ii¢lin barabor fasilolorlo sistemdo molumat toplamaq tolob olunur. Bu
problemi hall etmak {iglin sistemin bir hissasini toskil edon tonzimlayicilorin timsalinda tocriibalor togkil edilmis vo
naticalor alinmigdir.

Pesrome
Pa3paboTka MeTO10B MapaMeTPUYECKOI0 CHHTE3a PeryJsTOPOB B Mpoleccax NepBUYHOI mepepadoTku HedTH
Meoscuoos A.M.

Knwouegvie cnoea: pezynamop, nepexoonas Kpueas, uoeHmuukayus, nepeoamounas — @QyHKyus,
Mamemamuyeckas Mooeb.

Jlia ynpaBieHus MHOTOMEPHBIMU CJIOKHBIMU CHCTEMaMM HEOOXOIMMO 3HATh 3JIEMEHTHI, U3 KOTOPBIX COCTOUT
cucremMa. DT CUCTEMBI IIPUMEHSIOTCSI K MHOTOMEPHBIM 00beKTaM. Pa3zMep 0OBEKTOB ONpenensieTcsi KOJIUYeCTBOM UX
YIPaBJISAIONINX BXOJOB M YNpPaBIAEMBIX BBHIXOJOB. 3a/ladya MapaMEeTPHUECKOro CHHTE3a COCTOUT JIMIIb B ONPEEICHUH
rapaMeTpoB 3TUX cucTeM. [y 3Toro HeoOX0AMMO cOOUpaTh JJaHHBIE B CUCTEME Yepe3 PaBHbIC MPOMEKYTKH BPEMEHU
JUISl KaXKI0TO M3BECTHOro oObekTa B cucteMe. Jlisi penieHust 3Toi MpoOjieMbl OBUTH MPOBEICHBI DKCIIEPUMEHTHI Ha
IIPUMEpPE PETryIATOPOB, BXOIIINX B COCTAB CHCTEMBI, M TIOJyYCHBI PE3YJIbTATHI.
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