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Introduction. 

In this work, we consider a sixth-order half-linear differential equation for the p–Laplacian with 

delay 

 

(𝑟(𝑡)|𝑥(𝑉)(𝑡)|
𝑝−2

𝑥(𝑉)(𝑡))
′

+ 𝑞(𝑡)|𝑥(𝜏(𝑡))|
𝑝−2

𝑥(𝜏(𝑡)) = 0,                       (1) 

 

here 𝑝 > 1, is a real number. 

Let the coefficients of the equation satisfy the following conditions: 

 

(С1) 𝑟 ∈ 𝐶1([𝑡0, ∞), [0, ∞)), 𝑟(𝑡) > 0, 𝑟′(𝑡) ≥ 0,   

         𝑞 ∈ 𝐶([𝑡0, ∞), [0, ∞)),  𝑞(𝑡) > 0, 
 

(С2) 𝜏(𝑡) ∈ 𝐶([𝑡0, ∞), 𝑅), 𝜏(𝑡) ≤ 𝑡,  

                       lim
𝑡→∞

𝜏(𝑡) = ∞, 

 

             (С3)  ∫
1

𝑟1/(𝑝−1) (𝑠)
𝑑𝑠 = ∞

∞

𝑡0

. 

 

Definition 1 [1]. A nontrivial solution to equation (1) is called oscillatory if for any 𝑇 > 0 it 

has an infinite set of zeros in (𝑇, ∞). 

Definition 2 [1]. Equation (1) is called oscillatory if all its solutions are oscillatory. 

Linear and nonlinear differential equations (ordinary and partial differential) with delay arise 

in the mathematical modeling of phenomena and processes in various fields of theoretical physics, 

mechanics, control theory, biology, biophysics, biochemistry, medicine, ecology, economics and 

technical applications. Let us present some factors that lead to the need to introduce delay into 

mathematical models described by differential equations. In biology and biomechanics, the delay is 

due to the limited speed of transmission of nervous and muscle reactions in living tissues; in medicine 

– in problems of the spread of infectious diseases – the delay time is determined by the incubation 

period (the period of time from the moment of infection to the first signs of the disease); in population 

dynamics, the delay is due to the fact that individuals participate in reproduction only after reaching 

a certain age; in control theory, delay is usually associated with the finite speed of signal propagation 
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and the limited speed of technological processes; also, equations with delay are often used when 

describing dynamic processes in the mechanics of a deformable solid body of a medium with 

hereditary properties, in thermodynamics - when describing irreversible processes, in 

electrodynamics - when taking into account the finiteness of the interaction rate, in technology - when 

taking into account the delay in the transfer of energy, materials and signals , in economics - when 

taking into account the delay time of capital turnover [2-9]. In particular, differential equations with 

p-Laplacian like operators, as the classical half-linear or Emden–Fowler differential equations, have 

numerous applications in the study of non-Newtonian fluid theory, porous medium problems, 

chemotaxis models, etc.; see [10-13].  

In 2014, T. Li co-authors in [14] proposed several open problems to study the qualitative 

properties of solutions of differential equations, and the authors used the Riccati method to find the 

oscillation conditions of the studied equations.  

Using Riccati and comparison methods, O. Basigifan and co-authors in [15] obtained the 

oscillation criteria of a fourth-order delay half-linear differential equation for a 𝑝-Laplacian like 

operator with different parameters 𝑝1, 𝑝2, and at the end of the article they gave two examples 

demonstrating the significance of the conclusions. 

On the basis of the above discussion, we will establish criteria for the oscillation of equation 

(1). 

Materials and methods of research.  

The following lemmas are necessary in the process of proving the fluctuation criteria of 

equation (1). We quote them without proof. 

Lemma 1 [16]. Let ℎ ∈ 𝐶𝑛([𝑡0, ∞), (0, ∞)). Suppose that  ℎ(𝑛)(𝑡) is of a fixed sign on [𝑡0, ∞). 

Moreover,  ℎ(𝑛)(𝑡) not identically zero and that there exists 𝑡1  ≥  𝑡0 such that, for all 𝑡 ≥  𝑡1,  

 

ℎ(𝑛−1)(𝑡)ℎ(𝑛)(𝑡) ≤ 0. 

 

If we have lim
𝑡→∞

ℎ(𝑡) ≠ 0, then there exists 𝑡𝜆 ≥ 𝑡0 such that  

 

ℎ(𝑡) ≥
𝜆

(𝑛 − 1)!
𝑡𝑛−1|ℎ(𝑛−1)(𝑡)| 

 

for every 𝜆 ∈ (0, 1) and 𝑡 ≥ 𝑡𝜆. 

Lemma 2 [17]. If the function 𝑥 satisfies the conditions 𝑥(𝑖) (𝑡) > 0, 𝑖 =  0, 1, … 𝑛, and 

𝑥(𝑛+1) (𝑡) < 0, then  

 

𝑥(𝑡)

𝑡𝑛/𝑛!
≥

𝑥′(𝑡)

𝑡𝑛−1/(𝑛 − 1)!
. 

 

Lemma 3. Let (С1), (С2), (С3) hold. If х is an eventually positive solution of (1), then  for all 

𝑡 ≥  𝑡0 one of the following conditions is satisfied 

(I) 𝑥 > 0, 𝑥′ > 0, 𝑥′′ > 0, 𝑥′′′ > 0, 𝑥(𝐼𝑉) > 0, 𝑥(𝑉) >  0,  𝑥(𝑉𝐼) ≤  0 ; 

(II) 𝑥 > 0 𝑥′ < 0, 𝑥′′ > 0, 𝑥′′′ < 0, 𝑥(𝐼𝑉) > 0, 𝑥(𝑉) <  0,  𝑥(𝑉𝐼) ≤  0. 

Proof. The proof is obvious and therefore is omitted. 

 

Main results. 

First we prove the following comparison theorem.  

Theorem 1. Let (С1), (С2), (С3) hold. If  the linear first order differential equation with 

delay 
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′(𝑡) +
𝜆𝑝−1

120𝑝−1

𝑞(𝑡)𝜏5(𝑝−1)(𝑡)

𝑟(𝜏(𝑡))
𝜂(𝜏(𝑡)) = 0                                          (2) 

 

is oscillatory, then the equation (1) is also oscillatory. 

Proof.  

Let's prove it by contradiction. Let (1) have a nonoscillatory solution in 𝑡 ∈ [𝑡0, ∞). Then, by 

definition, there exist 𝑡1 ≥ 𝑡0 such that 𝑥(𝑡)  >  0 and 𝑥(𝜏(𝑡)) > 0 for  𝑡 ≥  𝑡1.  

Let us introduce the notation 

 

(𝑡) ≔ 𝑟(𝑡) (𝑥(𝑉)(𝑡))
𝑝−1

. 

 

Putting into equation (1), we get 

  

𝜂′(𝑡) + 𝑞(𝑡)𝑥𝑝−1(𝜏(𝑡)) = 0.                                                       (3) 

   

Since 𝑥 is positive and increasing, we see lim
𝑡→∞

𝑥(𝑡) ≠  0.  

According to Lemma 3, two cases are possible. 

Consider case (I). Then, based on Lemma 2, the following inequality holds: 

 

𝑥(𝑡)

𝑡
≥

𝑥′(𝑡) 

5
.                                                                        (4) 

 

We can derive two sides from this 

 

(
𝑥(𝑡)

𝑡
)

′

≥
𝑥′′(𝑡) 

5
, 

 

or (4) taking into account we find 

 

𝑥(𝑡)

𝑡2
≥

𝑥′′(𝑡) 

20
. 

 

Next, each time using (4), we sequentially differentiate the resulting inequalities three times, 

then we find 

 

𝑥(𝑡)

𝑡5
≥

𝑥(𝑉)(𝑡) 

120
. 

 

Because the 𝜏(𝑡) > 0, then 

 

𝑥(𝜏(𝑡))

𝜏5(𝑡)
≥

𝑥(𝑉)(𝑡) 

120
, 

 

from here we get that 

 

𝑥𝑝−1(𝜏(𝑡)) ≥
𝜏5(𝑝−1)(𝑡)

120𝑝−1
(𝑥(𝑉)(𝜏(𝑡)))

𝑝−1

.                                            (5) 

 

In (ІІ) case, according to Lemma 1, the following inequality holds for all 𝜆 ∈ (0, 1): 
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𝑥𝑝−1(𝜏(𝑡)) ≥
𝜆𝑝−1

120𝑝−1
𝜏5(𝑝−1)(𝑡) (𝑥(𝑉)(𝜏(𝑡)))

𝑝−1

.                                    (6) 

 

So, we compare (5) and (6) and make sure that (6) is valid in both cases. 

Next, applying inequality (6) to (3), we get 

 

′(𝑡) +
𝜆𝑝−1

120𝑝−1
𝑞(𝑡)𝜏5(𝑝−1)(𝑡) (𝑥(𝑉)(𝜏(𝑡)))

𝑝−1

≤ 0. 

 

(𝑡) taking into account the notation of the function, we find 

 

′(𝑡) +
𝜆𝑝−1

120𝑝−1

𝑞(𝑡)𝜏5(𝑝−1)(𝑡)

𝑟(𝜏(𝑡))
𝜂(𝜏(𝑡)) ≤ 0. 

 

By using the Theorem 1 in [18], we find that the equation (2) also has a positive solution. This 

leads to a contradiction to the statement of the theorem. That is, if equation (2) is oscillating, then 

equation (1) is also oscillating. So, the theorem is fully proved.□ 

Theorem 1. Let (С1), (С2), (С3) hold. If   

 

lim inf
𝑡→∞

∫
𝜆𝑝−1

120𝑝−1

𝑞(𝑠)𝜏5(𝑝−1)(𝑠)

𝑟(𝜏(𝑠))

𝑡

𝜏(𝑡)

𝑑𝑠 >
1

𝑒
,   𝜆 ∈ (0, 1),                             (7) 

 

then the equation (1) is oscillatory. 

Proof.   

Based on Theorem 1, equation (1) is oscillatory if equation (2) is oscillatory. And equation (2) 

is a first-order linear differential equation with delay τ(t). Then, according to Theorem 1 in [19], 

equation (2) is oscillatory if condition (7) is fulfilled. The proof is complete.□ 

 

References 

1. Glazman, I.M. (1963). Pryamye metody kachestvennogo spektral'nogo analiza singulyarnyh 

differencial'nyh operatorov. Moskva: Fizmatlit [in Russian]. 

2. Dolgij, Yu.F., Surkov, P.G. (2012). Matematicheskie modeli dinamicheskih sistem s 

zapazdyvaniem. Ekaterinburg: Izd-vo Ural. un-ta [in Russian].  

3. Polyanin, A.D., Sorokin, V.G., Zhurov, A.I. (2022). Differencial'nye uravneniya s 

zapazdyvaniem: svojstva, metody, resheniya i modeli. Moskva: IPMekh RAN [in Russian]. 

4. Hale, J.K. (1994). Partial neutral functional differential equations. Rev. Roum. Math. Pures 

Appl., 39, 339–344.  

5. MacDonald, N. (1989). Biological Delay Systems: Linear Stability Theory. Cambridge:  

Cambridge University Press.  

6. Bohner, M., Hassan, T.S., Li, T. (2018). Fite-Hille-Wintner-type oscillation criteria for 

second-order half-linear dynamic equations with deviating arguments. Indag. Math., Vol. 29(2), 548–

560. DOI: 10.1016/j.indag.2017.10.006 

7. Chiu, K.-S., Li, T. (2019). Oscillatory and periodic solutions of differential equations with 

piecewise constant generalized mixed arguments. Math. Nachr., Vol. 292(10), 2153–2164. 

DOI: 10.1002/mana.201800053 

8. Agarwal, R.P., Bazighifan, O., Ragusa, M.A. (2021). Nonlinear neutral delay differential 

equations of fourth-order: oscillation of solutions. Entropy, Vol. 23(2), No 129, 1-10. 

DOI: 10.3390/e23020129 

9. Tang, S., Li, T., Thandapani, E. (2013). Oscillation of higher-order half-linear neutral 

differential equations. Demonstr. Math., Vol. 46, No 1, 101–109. DOI: 10.1515/dema-2013-0444 

http://dx.doi.org/10.1016/j.indag.2017.10.006
http://dx.doi.org/10.1002/mana.201800053
http://dx.doi.org/10.3390/e23020129
http://dx.doi.org/10.1515/dema-2013-0444


Қ.Жұбанов атындағы Ақтөбе өңірлік университетінің хабаршысы, №3 (77), қыркүйек 2024  

Физика-математика-Физика-математика- Physics-mathematics 

15 

10. Bohner, M., Li, T. (2014). Oscillation of second-order p-Laplace dynamic equations with a 

nonpositive neutral coefficient. Appl. Math. Lett., Vol. 37, 72–76. DOI: 10.1016/j.aml.2014.05.012 

11. Bohner, M., Li, T.  (2015). Kamenev-type criteria for nonlinear damped dynamic equations. 

Sci. China Math. Vol. 58(7), 1445–1452. DOI: 10.1007/s11425-015-4974-8 

12. Dzurina, J., Grace, S.R., Jadlovska, I., Li, T. (2020). Oscillation criteria for second-order 

Emden-Fowler delay differential equations with a sublinear neutral term. Math. Nachr., 293(5), 910–

922. DOI: 10.1002/mana.201800196 

13. Li, T., Pintus, N., Viglialoro, G.  (2019). Properties of solutions to porous medium problems 

with different sources and boundary conditions. Z. Angew. Math. Phys., Vol. 70(3), 1-18. DOI: 

https://doi.org/10.1007/s00033-019-1130-2 

14. Li, T., Baculikova, B., Dzurina, J., Zhang, C. (2014). Oscillation of fourth order neutral 

differential equations with p-Laplacian like operators. Bound. Value Probl., Vol. 56, 41–58. 

DOI: 10.1186/1687-2770-2014-56 

15. Bazighifan, O., Al-Ghafri, K., Al-Kandari, M., Ghanim, F., Mofarreh, F. (2022). Half-linear 

differential equations of fourth order: oscillation criteria of solutions. Advances in Continuous and 

DiscreteModels, 1-12. https://doi.org/10.1186/s13662-022-03699-4 

16. Agarwal, R., Grace, S., O’Regan, D. (2000). Oscillation Theory for Difference and 

Functional Differential Equations. Dordrecht: Kluwer Academic. DOI: 10.1007/978-94-015-9401-1 

17. Chatzarakis, G.E., Grace, S.R., Jadlovska, I., Li, T., Tunc, E. (2019). Oscillation criteria for 

third-order Emden–Fowler differential equations with unbounded neutral coefficients. Complexity, 

Vol. 8, 1-11. DOI: 10.1155/2019/5691758 

18. Philos, C. (1981). On the existence of nonoscillatory solutions tending to zero at ∞ for 

differential equations with positive delay. Arch. Math. Basel, Vol. 36, Р. 168–178. 

19. Koplatadze, R.G., Chanturiya, T.A. (1982). O koleblyushchihsya i monotonnyh resheniyah 

differencial'nyh uravnenij pervogo poryadka s otklonyayushchimsya argumentom. Differenc. 

Uravneniya, Vol. 18, No 8, 1463–1465 [in Russian].   

 

Список литературы 

1. Глазман И.М. Прямые методы качественного спектрального анализа сингулярных 

дифференциальных операторов / И.М. Глазман. – Москва: Физматлит, 1963. – 338 с. 

2 Долгий Ю.Ф. Математические модели динамических систем с запаздыванием / Ю.Ф. 

Долгий, П.Г. Сурков. – Екатеринбург: Изд-во Урал. ун-та, 2012. – 122 с.         

3 Полянин А.Д. Дифференциальные уравнения с запаздыванием: свойства, методы, 

решения и модели / А.Д. Полянин, В.Г. Сорокин, А.И. Журов. – Москва: ИПМех РАН, 2022. – 

466 c.    

4. Hale J.K. Partial neutral functional differential equations / J.K. Hale // Rev. Roum. Math. 

Pures Appl. – 1994. – Vol. 39. – С. 339–344. 

5. MacDonald N. Biological Delay Systems: Linear Stability Theory / N. MacDonald. – 

Cambridge: Cambridge University Press, 1989. – 235 р.  

6. Bohner M. Fite-Hille-Wintner-type oscillation criteria for second-order half-linear dynamic 

equations with deviating arguments / M. Bohner, T.S. Hassan, T. Li // Indagationes Mathematicae. – 

2018. – Vol. 29(2). – P. 548–560. DOI: 10.1016/j.indag.2017.10.006 

7. Chiu K.-S. Li T. Oscillatory and periodic solutions of differential equations with piecewise 

constant generalized mixed arguments / K.-S. Chiu, T. Li // Math. Nachr. – 2019. – Vol. 292(10). – 

P. 2153–2164. DOI: 10.1002/mana.201800053 

8. Agarwal R.P. Nonlinear neutral delay differential equations of fourth-order: oscillation of 

solutions. / R.P. Agarwal, O. Bazighifan, M.A. Ragusa // Entropy. – 2021. – Vol. 23(2), No 129. – Р. 

1-10. DOI: 10.3390/e23020129 

9. Tang S. Oscillation of higher-order half-linear neutral differential equations / S. Tang, T. Li, 

E. Thandapani. // Demonstr. Math. – 2013. – Vol. 46, No 1. – P. 101–109. DOI: 10.1515/dema-2013-

0444 

10. Bohner M. Oscillation of second-order p-Laplace dynamic equations with a nonpositive 

http://dx.doi.org/10.1016/j.aml.2014.05.012
http://dx.doi.org/10.1007/s11425-015-4974-8
http://dx.doi.org/10.1002/mana.201800196
https://doi.org/10.1007/s00033-019-1130-2
http://dx.doi.org/10.1186/1687-2770-2014-56
http://dx.doi.org/10.1007/978-94-015-9401-1
http://dx.doi.org/10.1155/2019/5691758
http://dx.doi.org/10.1016/j.indag.2017.10.006
http://dx.doi.org/10.1002/mana.201800053
http://dx.doi.org/10.3390/e23020129
http://dx.doi.org/10.1515/dema-2013-0444
http://dx.doi.org/10.1515/dema-2013-0444


Қ.Жұбанов атындағы Ақтөбе өңірлік университетінің хабаршысы, №3 (77), қыркүйек 2024  

Физика-математика-Физика-математика- Physics-mathematics 

16 

neutral coefficient / M. Bohner, T. Li // Applied Mathematics Letters. – 2014. – Vol. 37. – P. 72–76. 

DOI: 10.1016/j.aml.2014.05.012 

11. Bohner M. Kamenev-type criteria for nonlinear damped dynamic equations / M. Bohner, T. 

Li // Science China Math. – 2015. – Vol. 58, No 7. – P. 1445–1452. DOI: 10.1007/s11425-015-4974-

8 

12. Dzurina J. Oscillation criteria for second-order Emden-Fowler delay differential equations 

with a sublinear neutral term / J. Dzurina, S.R. Grace, I. Jadlovska, T. Li // Math. Nachr. – 2020. – 

Vol. 293, No 5. – P. 910–922. DOI: 10.1002/mana.201800196 

13. Li T. Properties of solutions to porous medium problems with different sources and 

boundary conditions / T. Li, N. Pintus, G. Viglialoro //  Z. Angew. Math. Phys. – 2019. – Vol. 70, No 

3. – P. 1-18. DOI: https://doi.org/10.1007/s00033-019-1130-2 

14. Li T. Oscillation of fourth order neutral differential equations with p-Laplacian like 

operators /  T. Li, B. Baculikova, J. Dzurina, C. Zhang // Bound. Value Probl. – 2014. – Vol. 56. – Р. 

41–58. DOI: 10.1186/1687-2770-2014-56 

15. Bazighifan O. Half-linear differential equations of fourth order: oscillation criteria of 

solutions / O. Bazighifan, K. Al-Ghafri, M. Al-Kandari, F. Ghanim, F. Mofarreh // Advances in 

Continuous and Discrete Models. – 2022. – P. 1-12. https://doi.org/10.1186/s13662-022-03699-4 

16. Agarwal R. Oscillation Theory for Difference and Functional Differential Equations / R. 

Agarwal, S. Grace, D. O’Regan. – Dordrecht: Kluwer Academic, 2000. – 337 р. DOI: 10.1007/978-

94-015-9401-1 

17. Chatzarakis G.E. Oscillation criteria for third-order Emden–Fowler differential equations 

with unbounded neutral coefficients / G.E. Chatzarakis, S.R. Grace, I. Jadlovska, T. Li, E. Tunc  // 

Complexity. – 2019. – Vol. 8. – P. 1-11, DOI: 10.1155/2019/5691758 

18. Philos C. On the existence of nonoscillatory solutions tending to zero at ∞ for differential 

equations with positive delay / C. Philos  // Archiv der Mathematik. – 1981. – Vol. 36. – Р. 168–178. 

19. Коплатадзе Р.Г., Чантурия Т.А. О колеблющихся и монотонных решениях 

дифференциальных уравнений первого порядка с отклоняющимся аргументом / Р.Г. 

Коплатадзе, Т.А. Чантурия // Дифференциальные уравнения. – 1982. – Т. 18, №8. – С. 1463–

1465.  

 

АЛТЫНШЫ РЕТТІ КЕШІГУІ БАР ЖАРТЫЛЫЙ СЫЗЫҚТЫ 

ДИФФЕРЕНЦИАЛДЫҚ ТЕҢДЕУДІҢ ТЕРБЕЛІС КРИТЕРИІ 

 

ҚОШҚАРОВА Б.С.* , АЛДАЙ М. , БУРГУМБАЕВА С.Қ.  

 
*Қошқарова Бахытты Сәлімқызы ― Физика-математика ғылымдарының кандидаты, «Л.Н. Гумилев ат. 

Еуразия ұлттық университеті» КеАҚ, Астана, Қазақстан 

Е-mail: b-koshkarova@yandex.kz, https://orcid.org/0000-0002-0228-4110; 

Алдай Мақтагүл ― Физика-математика ғылымдарының кандидаты, «Л.Н. Гумилев ат. Еуразия ұлттық 

университеті» КеАҚ, Астана, Қазақстан 

Е-mail: saiajan@yandex.kz, https://orcid.org/0000-0002-6073-2313. 

Бургумбаева Сәуле Қайырбекқызы ― PhD, «Л.Н. Гумилев ат. Еуразия ұлттық университеті» КеАҚ, Астана, 

Қазақстан 

Е-mail: burgumbayeva_sk@enu.kz, https://orcid.org/0000-0003-2334-7405; 

 

Андатпа. Бұл жұмыста біз (𝑟(𝑡)|𝑥(𝑉)(𝑡)|
𝑝−2

𝑥(𝑉)(𝑡))
′

+ 𝑞(𝑡)|𝑥(𝜏(𝑡))|
𝑝−2

𝑥(𝜏(𝑡)) = 0 түріндегі кешігетін 

аргументі бар р-Лапласиан типті оператор үшін алтыншы ретті жартылай сызықты дифференциалдық теңдеу 

қарастырамыз. Мұндағы теңдеуге кіретін айнымалы коэффициенттері берілген шарттарды қанағаттандырады. 

Кешігуі бар сызықты және сызықты емес дифференциалдық теңдеулер (жай және дербес туындылы теңдеулер) 

теориялық физиканың, механиканың, басқару теориясының, биологияның, биофизиканың, биохимияның, 

медицинаның, экологияның, экономиканың және техникалық қолданудың әртүрлі салаларындағы құбылыстар 

мен процестерді математикалық модельдеуде пайда болады. Математикалық модельдер мен дифференциалдық 

теңдеулерде кешігуі болуы, әдетте, алынған шешімдердің орнықтылық облысының тарылуына әкелетін 

күрделендіретін фактор болып табылады. Кешігуі бар қарапайым дифференциалдық теңдеулерді зерттеу және 

шешу күрделілігі бойынша кешігуі жоқ дербес туындылы дифференциалдық теңдеулерді зерттеу және шешумен 
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салыстырмалы. Қазіргі уақытта кешігуі бар дифференциалдық теңдеулердің шешімдерінің әртүрлі қасиеттерін 

зерттеуге арналған көптеген жұмыстар бар. Бұл жұмыстың мақсаты – қарастырылып отырған дифференциалдық 

теңдеудің тербелмелімділігін зерттеу болып табылады. Тербелмелі критерийді алу үшін Риккати әдісі 

қолданылады және кешігуі бар бірінші ретті дифференциалдық теңдеумен салыстыру теоремасы дәлелденеді, ал 

оған бұрын белгілі тербеліс критерийін қолдануға болады. 

Түйін сөздер: тербелімділігі, жартылай сызықты дифференциалдық теңдеулер, р-лапласиан, алтыншы 

ретті, кешігуі бар дифференциалдық теңдеулер, салыстыру теоремасы 
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Аннотация. В данной работе мы рассматриваем полулинейное дифференциальное уравнение шестого 

порядка для оператора типа p-Лапласиана с запаздывающим аргументом вида (𝑟(𝑡)|𝑥(𝑉)(𝑡)|
𝑝−2

𝑥(𝑉)(𝑡))
′

+

𝑞(𝑡)|𝑥(𝜏(𝑡))|
𝑝−2

𝑥(𝜏(𝑡)) = 0. Здесь коэффициенты уравнения удовлетворяют заданным условиям. Линейные и 

нелинейные дифференциальные уравнения (обыкновенные и в частных производных) с запаздыванием 

возникают при математическом моделировании явлений и процессов в различных областях теоретической 

физики, механики, теории управления, биологии, биофизики, биохимии, медицины, экологии, экономики и 

технических приложениях. Наличие запаздывания в математических моделях и дифференциальных уравнениях 

является осложняющим фактором, который, как правило, приводит к сужению области устойчивости 

получаемых решений. Исследование и решение обыкновенных дифференциальных уравнений с запаздыванием 

по сложности сопоставимы с исследованием и решением уравнений в частных производных без запаздывания. В 

настоящее время имеется множество работ по изучению различных свойств решений дифференциальных 

уравнений с запаздыванием. Целью данной работы является изучение осцилляторности рассматриваемого 

дифференциального уравнения. Для получения критерия осцилляторности используется метод Риккати и 

доказывается теорема сравнения с дифференциальным уравнением первого порядка с запаздыванием, к которому 

можно применить известный ранее критерий осцилляторности. 

Ключевые слова: осцилляторность, полулинейные дифференциальные уравнения, p-лапласиан, шестой 

порядок, дифференциальные уравнения с запаздыванием, теорема сравнения 
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