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Abstract. Starting with Example 1 of A.M. Lyaponov’s thesis [1] (§32), which represents
a ternary differential system with quadratic nonlinearities, examples of differential sys-
tems of the generalized Darboux type were constructed in the critical case.The stability
conditions of the unperturbed motion described by these systems were determined.
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Despre stabilitatea unor exemple de sisteme critice diferentiale
ternare cu neliniaritati patratice

Rezumat. Pornind de la Exemplul 1, din teza lui A. M. Lyaponov [1] (§32), ce consta
dintr-un sistem diferential ternar cu nelinearitati pétratice, in cazul critic, au fost construite
mai multe exemple de sisteme diferentiale de tip generalizat Darboux. Pentru aceste
sisteme au fost determinate conditiile de stabilitate a migcarii neperturbate.

Cuvinte-cheie: sistem diferential, stabilitatea migcarii neperturbate, sistem diferential

de tip generalizat Darboux, sistemul dinamicii raspandirii tuberculozei.

1. INTRODUCTION

Systems of autonomous differential equations of the first order are mathematical models
of many processes in everyday life, for example the system of intrinsic transmission
dynamics of tuberculosis (TB).

This mathematical model is described by ternary differential systems with quadratic
nonlinearities, which are contained in ternary differential systems with quadratic non-
linearities generalized Darboux type. In the world, there are countless dedicated works
to TB problems, both in medicine and in mathematics. For example, among the works
devoted to the problem of dynamics of TB, in medicine and mathematics, we can mention

the paper [2].
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In the Institute of Mathematics and Computer Science of ASM, there were carried
researches in the field of TB within a project [3], without examining the stability of the
unperturbed motion governed by the system mentioned above.

Also, starting with Example 1 from A. M. Lyaponov’s thesis [1] (§32), which consisted
of a ternary differential system with quadratic nonlinearities, in the critical case, there
were constructed some examples of differential systems of the generalized Darboux type.

In this work, there were determined the stability conditions of unperturbed motion in
the critical case for the differential system aimed at the intrinsic transmission dynamics of

tuberculosis TB in society and examples of differential systems of generalized Darboux
type.

2. INTRINSIC TRANSMISSION DYNAMICS OF TUBERCULOSIS (TB)

The intrinsic transmission dynamics of tuberculosis [2, 4], represents a mathematical
model, in which the entire population is divided into:

- the sensitive population (S);

- the population carrying latent infection (L);

- the population with active tuberculosis (T).

This dynamics is defined by the following system of differential equations:

ds dL
EZT_ﬂS_ﬁSTEP, EI—(SL—/JL-F(I—P)ﬁSTEQ,
(1)
dr
E=6L—([u+V)T+pﬁSTER.

The variables and parameters of system (1) are described in the Table 1:

Table 1. The variables and parameters of the system (1)

Value | Description

S(#) | number of sensible persons in the moment ¢

L(¢) | number of infected persons in the moment ¢

T(t) | number of infectious persons in the moment ¢

A(t) | force of infection per capita in the moment ¢

T influx of young people

average mortality from causes not related to TB

probability of rapid progression of the disease

speed constant of reactivation of TB infection

additional mortality caused by active TB

W= [>T |

transfer coefficient of TB infection
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The intrinsic transmission dynamics of tuberculosis [3] (1), through the affine trans-

formation

x=1t—-uS; y=L; z=T, (2)

and p # 0, according to the medical meaning of this variable, can be brought to the form

d.
d—;c =ax+bz+2gxz;
d
9 cy+dz +2hxz; &)
dt
d
d_j =ey+ fz+2kxz.
where
1-
a=-u#0, b=pr, c:—é—u,dzﬂ, e=9, f:]ﬂ—,u—/n,
g (4)
g:_é h:_w k:_ﬁ
2’ 2u 2u’
The characteristic equation of system (3) is
P+ (—a—c—fp*+(ac+af +cf —de)p—a(cf —de) =0. (5)

Taking into account the medical meaning of the variables (a # 0), for equation (5) to have
one zero root, we obtain the relation ¢ f — de = 0.

By a center-affine transformation
X=-ey+cz; y=y; 2=x+z(A=c#0) (6)

andcf —de=0or f = de according to Hurwitz’s theorem [5], the system (3) can be

c

brought to the critical Lyapunov form

d 2(ck —eh
d_); — %(_xz —2exy +cxz - 62)12 + ceyz);

d d 2h
Qs (c+ —e)y + = (=x? = 2exy + cxz — €2y? + ceyz);
dt ¢ c c? 7

dz - b - b
7 _—a+f+ x+( a+c+ f+ )ey+az+

dt c c
2(g + k)

t—2

. (—x? = 2exy + cxz — €2y* + ceyz),

where

—a—-c—f>0, a(c+f)>0. (8)
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According to Lemma 4.2 [6], we have

2
=0, (= g(—l +cB| — eAl)(l +eA1)(—eh+ Ck),
2
C3 = S [cBy —2eAy + ce(ArB) + A1 By) — 2¢° A1 Ay (—eh + ck),
C

2
Cy = - [CB3 —2eAs + ce(A331 + AyBy + A133) - eZ(A% + 2A1A3)] (—eh + Ck),
c

2
C5 = - [CB4 - 2€A4 + C@(A4Bl + A3B) + AzB3 + AlB4)—
C

—262(142143 + A1A4)] (—eh + Ck),

2
Co = - [CB5 - 26A5 + C€(A5Bl + A4Bz + A333 + AzB4 + AIB5)—
C

—e(A3 +2A2A4 +2A1As)](=eh + ck),

2
C; = = [cBs —2eA¢ + ce(AsB| + AsBy + AuB3 + A3B4 + AyBs + A Bg)—
C

—2¢*(A3A4 + ArAs + A Ag)]| (—eh + ck),

2
Cs = —[cB7 —2eA7 + ce(A7B1 + AeBy + AsB3 + A4Bs + A3 Bs+
c

+A2Bg + A1B7) — e* (A2 +243A5 + 2A2A6 + 2A1 A7) (—eh + ck),

2
Co = - [CBg - 26Ag + Ce(AgBl + A7B> + AgBj3 + ASB4 + A4B5+
C

+A3Bg + AyB7 + A]Bg) - 262(A4A5 + A3Ag + A2A7 + A]Ag)] (—eh + Ck),

2
Cio= - [CBg - 2eA9 + Ce(AgBl + AgBr + A7B3 + AgB4 + AsBs + A4 Be+
C
+A3B7 + AyBg + AlBg) - ez(Ag +2A4A6 +2A3A7+
+2A,Ag + 2A1A9)] (—eh + Ck), ceey

where
d (a—Db)c
Al =-— » By =——5—-—+
¢’ +de a(c? +de)
2
Ay=———[(-1+4+cB; —eAy)(1 +eAy)h],
2 c(c2+de)[( cBy —eAp) (1 +eAp)h]

2
ac3(c? + de)
—bceh — c?eh — de*h + k + cdek),

By = (-1+c¢B; —eAl)(l+eA1)(c3g+cdeg+aceh—
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2
Ay =———— (cBy—2eAy +ce(AryBy + A1 By) — 2¢*A 1 A>)h,
3 c(02+de)(02 eAy +ce(AB) + A1 By) —2¢°A1Ay)

2
By=——+——(¢cBy —2¢A> +ce(ArBy + A1By)—
3 ac3(c2+de)( 2 2 (A2B1 + A1B,)

—2e?A1A2) (g + cdeg + aceh — beeh — ¢*eh — de*h + ¢k + cdek),

2

Ap=
4 c(c? + de)

[CB3 - 26A3 + C€(A3Bl + A232 + AlBg) - ez(A% + 2A1A3)]h,

2
ac3(c? +de)

—ez(A% +2A1A3)](g + cdeg + aceh — beeh — c*eh — de*h + ¢k + cdek),

By = [CB3 —2€A3 +C€(A3B] +Ang+AlB3)—

2
As = ——[CB4 — 26A4 + C@(A4Bl + A3By + AyB3 + AlB4)—
c(c? +de)
—2e?(A2A3 + A A4)]h,
2
Bs = [CB4 - 2€A4 + C€(A4Bl + A3B> + AyB3 + AlB4)—

" ac3(c? + de)

—2¢*(A2A3 + A1A)](Pg + cdeg + aceh — beeh — c?eh — de*h + ¢k + cdek),

2
Ag=——7—— [CB5 —2eAs + ce(A5B1 + AyBr + A3B3 + Ay By + A]Bs)—
c(c? +de)
—e*(A +2A2A4 +2A1A5)]h,
2
B¢ = [CBS —26A5+C€(A531 +A4Bz+A3B3+AgB4+A135)—

" ac3(c2 + de)
—62(A§ +2A,A4 +2A1A5)](3g + cdeg + aceh — beeh — c2eh — de*h + ¢k + cdek),
B 2

(e +de)

+A2Bs + A1 Bg) — 2¢?(A3A4 + ArAs + A1 Ag) | h,

[CB6 - 2€A6 + C€(A6Bl + A5BQ + A4B3 + A3B4+

2
ac3(c? + de)

+A235 + A]Bﬁ) - 262(143144 + A2A5 + A1A6)] (C3g+

+cdeg + aceh — beeh — c*eh — de*h + 3k + cdek),

B; = [CB6 - 2€A6 + Ce(A6B1 + ASBZ + A4B3 + A3B4+

=" [CB7 —2eA7 + ce(A731 + A6Bz + A5B3 + A4B4+
c(c? + de)

+A3Bs + AyBg + A1 B7) — * (A2 + 2A3As + 2A2Ag + 2A1 A7) | b,
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2
ac3(c? + de)
+A2Bg + A1B7) — e* (A2 +243A5 + 2A2A6 + 241 A7) (P g+

+cdeg + aceh — beeh — cteh — de*h + ¢k + cdek),

Bg = [CB7 - 26A7 + C€(A7B] + A6BQ + AsB3 + A4B4 + A3Bs+

A9 = [CBg - 26A8 + Ce(AgBl + A7B2 + AGB3 + A5B4 + A4B5+

" c(c? + de)
+A3B¢ + AyB7 + A1 Bg) — 2e2(A4A5 + A3A¢ + ArA7 + A1Ag) | A,
2
T ac3(c? + de)
+A3Bg + AsB7 + A1 Bg) — 2¢*(A4As + A3 Ag + ArA7 + A1 Ag)] (g + (10)

+cdeg + aceh — beeh — cteh — de*h + ¢k + cdek),

Bg = [CBg - 2€Ag + Ce(AgBl + A7BQ + AGB3 + A5B4 + A4BS+

AlO = [CBQ - 26A9 + C€(A9Bl + AgBQ + A7B3 + A6B4 + A535+

(e + de)

+A4Bo + A3B7 + Ay Bg + A1 Bg) — €* (A% +2A4A¢ + 2A3A7 + 2A2Ag + 2A1 Ag) | I,

Bl() = [CBg - 2eA9 + Ce(AgBl + Ang + A7B3 + A634 + A535+

" ac3(c? + de)
+A4Bg + A3B7 + A, Bg + A]Bg) — ez(Ag +2A4A6 +2A3A7 +2A,Ag+
+2A1A0)] (g + cdeg + aceh — beeh — ¢*eh — de*h + ¢k + cdek), . . .

Taking into account the medical meaning of the parameters from system (3) — (4), we

mention that the denominators in (9) and (10) are different from zero. We get

Lemma 2.1. Leta+c+ f < O0and a(c+ f) > 0. Then the stability of unperturbed motion
governed by system (7) includes all possible cases in the following two:
I. When (—1+c¢By—eA)(1+eAy)(ck — eh) # 0 the unperturbed motion is unstable;
II. When (-1 4+ cB1 — eA1)(1 + eA)(ck — eh) = 0 the unperturbed motion is stable.
In the last case, the unperturbed motion belongs to some continuous series of stabilized
motion. For sufficiently small perturbations, any perturbed motion will asymptotically
approach to one of the stabilized motions of the mentioned series. Moreover, this motion

is also asymptotic stable [5].

Proof. To prove Lemma we use the Lyapunov’s theorem [1] (§32) in the ternary case.
Next we analyze the coeflicients of the series C; from (9).

If C, # 0, then we obtain the Case I of Lemma 2.1.

If —eh +ck =0, then C; = 0 (Vi) and if (-1 + ¢B; — ¢A1)(1 + eA;) = 0, then
A; = B; =0 (i = 2) from (10). This implies C; = 0 (i > 3). Lemma 2.1 is proved. |
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3.  STABILITY CONDITIONS OF UNPERTURBED MOTION FOR SOME DIFFERENTIAL
SYSTEMS OF GENERALIZED DARBOUX TYPE WITH QUADRATIC NONLINEARITIES
Following Example 1 from [1] (§32), which in the critical equation has 2 parameters,

we will examine a few cases of ternary systems of Lyapunov critical canonical form:

Example 3.1. We will examine the ternary differential system with three parameters in

the critical equation of the form

% =(ax+by+cz)(—x+y+2),

dy

STy -y 2 (x4 y +2), (11
d

d—j:x—z+(x+2y—z)(—x+y+z),

where a, b, ¢ are real arbitrary coefficients.
The characteristic equation of the linear part is
P +2p*+p =0, (12)
where
p1=0, pp=p3=-1. (13)
According to Lemma 4.2 [6], we have
Ci =0, Ch=a+b+c,
C3=4a+6b+6c=2[2a+3(b+c)],
Cy =20a +38b+38c =2[10a + 19(b + ¢)],
Cs = 116a + 254b + 254c = 2[58a + 127(b + ¢)],
Co =740a + 1774b + 1774¢ = 2[370a + 887(b + ¢)], (14)
C7 =5028a + 12822b + 12822¢ = 2[2514a + 6411(b + ¢)],
Cg =35700a + 951905 + 95190¢ = 2[17850a + 47595(b + ¢)],
Cy =261780a + 721870b + 721870c¢ = 2[130890a + 360935(b + ¢)],

Cio = 1967300a + 5569118b + 5569118¢ = 2[982650a + 2784559(b + ¢)], . . .,
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where
A1=Blzl; A2232=2, A3:33:10, A4=B4=58, A5235=370,

Ag¢ = Be = 2514, A7 = B; = 17850, Ag = Bg = 130890, A¢ = Bg = 983650, (15)
Ao = Byo = 7536418, . ...

As the characteristic equation (12) of system (11) has the roots (13), then according to

Lyapunov’s Theorem [1] (§32), in the ternary case, we obtain

Lemma 3.1. The stability of the unperturbed motion, governed by system (11), includes
all possible cases in the following four:

L a+ b+ c #0, then the unperturbed motion is unstable;

II. a > 0, then the unperturbed motion is stable;

III. a < O, then the unperturbed motion is unstable;

IV. b + ¢ = —a =0, then the unperturbed motion is stable.

In the last case, the unperturbed motion belongs to some continuous series of stabilized
motion. For sufficiently small perturbations, any perturbed motion will asymptotically
approach to one of the stabilized motions of the mentioned series. Moreover, this motion

is also asymptotic stable [5].

Proof. According to Lyapunov’s Theorem [1] (§32), we analyze the coefficients of the
series C;, from (14). If C, # 0, then we get the case I of Lemma 3.1.

If C; =0, then b + ¢ = —a. Substituting in C3 we obtain C3 = —2a. Depending on the
sign of this expression, we get the cases II and III of Lemma 3.1.

If C3=0,then b+ ¢ = —a =0. In this case, C; =0 (i > 4). Lemma 3.1 is proved. O

Example 3.2. We examine the ternary differential system with six parameters in the

critical equation of the form

d

d_); =ax*+ a2y2 + agzz +2aq4xy + 2asxz + 2a6yz,

dy

E:x—y+(x—y+2z)(—x+y+z), (16)
dz

7 =x—-z+x+2y-2)(-x+y+2),

where a; (i = 1,6) are real arbitrary coefficients.
According to Lemma 4.2 [6], we have
Ci1=0, Cy=a;+ (ay+az+2ae)+2(as +as),
Cs = 4[(az + a3 +2a¢) + (a4 + as))],

Cy= 4[6(6!2 +az+ 2a6) + 5(614 + a5)],
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Cs = 4[39(a2 +as+ 2616) + 29(04 + a5)],

Ce = 4[268(ay + a3 + 2a¢) + 185(aq + as)],
C7 =12[639(ay + a3 + 2a¢) +419(aq + as)],
Cg = 60[942(ay + a3 + 2ae) + 595(aq + as)], 4"
Co =20[21319(as + az + 2ae) + 13089(as + as) ],
Cio = 4[819096(a; + a3z + 2ag) +491825(as + as)], . . .,

where
AIZBIZI; AZZBZZZ, A3=B3=10, A4=B4=58,

As = Bs =370, Ag¢ = Bg =2514, A7 =B, = 17850,
Ag = Bg = 130890, Aq = By = 983650,
Ao = Bo = 7536418, . ...

(18)

We introduce the notation

Li=ay+ asz + 26[6; Ly =—a; - 2((14 + a5);
(19)
L3 =-ay - (as+as); Ly=—(a4+as).
As the characteristic equation (12) of the system (16) has the roots (13), then according

to Lyapunov’s Theorem [1] (§32), in the ternary case, we obtain

Lemma 3.2. The stability of the unperturbed motion, governed by system (16), includes
all possible cases in the following five:

L. Ly # Lo, then the unperturbed motion is unstable;

Il. Ly = Ly, Ly < O, then the unperturbed motion is stable;

IIl. Ly = Ly, L3 > 0, then the unperturbed motion is unstable;

IV. Ly =Ly, L3 =0, L4 # 0, then the unperturbed motion is unstable;

V. a; + a3z +2a¢ = a; =0, aq = —as, then the unperturbed motion is stable.

In the last case, the unperturbed motion belongs to some continuous series of stabilized
motion. For sufficiently small perturbations, any perturbed motion will asymptotically
approach to one of the stabilized motions of the mentioned series. Moreover, this motion

is also asymptotic stable [5]. The expressions L; (i = 1,4) are given in (19).

Proof. According to Lyapunov’s Theorem [1] (§32), we analyze the coefficients of the
series C; from (17). If C, # 0, then L1 — L, # 0. We obtain the Case I of Lemma 3.2.
If C; =0, then L = L,, and

C3 =4[L1 + (as +as)] =4[Lr + (as + as)] =4[—-a1 — (as + as)] =4Ls.
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Depending on the sign of this expression, we get the Cases II and III of Lemma 3.2.
If C,=C3=0,then L; = Ly and L3 = 0 implies a; = —(a4 + as) and

Cy = 4[6L1 + 5(614 + a5)] = 4[6L2 + 5(6!4 + a5)] = 4[—6611 - 7(614 + a5)] =4L4.
Assume that L4 # 0. In this case we get the Case IV of Lemma 3.2.

IfCy=C3=C4=0,thenLi =Ly, L3=Ls=0o0ras+az+2a¢=a; =0, a4 = —as.
In this case, all C; =0 (i > 5). Lemma 3.2 is proved. |

Example 3.3. We examine the ternary differential system with 6 parameters in the critical

equation, of which three form the common factor of the quadratic part, of the form

d
d_)tc = (ax+b1y+ciz)(ax + by +cz),

d
d_);:x—y+(x—y+21)(ax+by+cz), (20)
dz

E=x—z+(x+2y—z)(ax+by+cz),

where a, b, c,ay, by, c| are real arbitrary coefficients.

‘We introduce the notation
M1 =a+b+c; M2=a1+b1+c1;

21
M3=—aa1+(b+c)(b1+cl); M4=(b+C)(b1+C1). @b

According to Lemma 4.2 [6], we have
Ci =0, Co=M M, C3=(MM;+Ms)A;,
Cy = MyA5 + (M Ms + M) As,
Cs = 2M4ArAs + (MM + M3) Ay,
Co = Ma(2A2A4 + A3) + (M My + M3) As,

C7 =2M4(A2As + A3Ay) + (M1 My + M3) As, 22
Cs = My(242A6 + 2A3As + A) + (M Ma + M3) A,
Co = 2M4(ArA7 + A3Ag + A4As) + (M My + M3) Ag,

Cio = Ma(2A2As + 2A3A7 + 2A4A¢ + A2) + (M1 My + M3) Ao, . . .,

where
A1 =B = 1; A2=Bz=2(a+b+c),

A3 =B3 = (a +3b+ 3C)A2,

75



ON STABILITY OF SOME EXAMPLES OF TERNARY DIFFERENTIAL
CRITICAL SYSTEMS WITH QUADRATIC NONLINEARITIES

Ay =By = (b+c)Al+(a+3b+3c)As,

As = Bs =2(b+c)AyA3+ (a+3b +3c)Ay,
A¢ = Bg = (b+¢)(2A244 + A}) + (a +3b + 3¢)As,
A7=B7=2(b+c)(A2As + A3A4) + (a + 3b + 3¢) As, (23)
Ag = Bg = (b +¢)(2A246 + 2A3A5 + A2) + (a + 3b + 3¢) A7,
Ag=Bg =2(b+c)(ArA7 + A3A¢ + AyAs) + (a +3b + 3¢) Ag,
Ao =Bio=(b+¢)(2A2Ag +2A3A7 + 2A4 A6 + Ag) + (a+3b+3c)Ao,...

As the characteristic equation (12) of system (20) has the roots (13), then according to

Lyapunov’s Theorem [1] (§32), in the ternary case, we obtain

Lemma 3.3. The stability of the unperturbed motion governed by the system (20) includes
all possible cases in the following six:

I. MM, # O, then the unperturbed motion is unstable;

II. My =0, M M5 < 0, then the unperturbed motion is stable;

1II. My =0, M M3 > 0, then the unperturbed motion is unstable;

IV. MMy # O, then the unperturbed motion is unstable;

V. My = 0, then the unperturbed motion is stable;

VI. My = 0, then the unperturbed motion is stable;.

In the last case, the unperturbed motion belongs to some continuous series of stabilized
motion. For sufficiently small perturbations, any perturbed motion will asymptotically
approach to one of the stabilized motions of the mentioned series. Moreover, this motion

is also asymptotic stable [5]. The expressions M; (i = 1,4) are given in (21).

Proof. According to Lyapunov’s Theorem [1] (§32), we analyze the coefficients of the
series C; from (22). Suppose that M; # 0.

If C; # 0, then MM, # 0 and we get the Case I of Lemma 3.3.

If C; =0, then M, =0, and C3 = (M| M, + M3)A, = 2M | M3. Depending on the sign
of this expression, we obtain the Cases II and III of Lemma 3.3.

If C; = C3 =0, then My = M3 = 0 and Cy = M4A3 + (M1 My + M3)A3z = AM? M. 1f
MMy # 0, we get the Case IV of Lemma 3.3.

IfCy=C3=C4=0,then My, = M3 =M, =0,and all C; =0 (i > 5). We have the
Case V of Lemma 3.3.

If M| =0, then all C; = 0 (Vi) and we obtain the Case VI. Lemma 3.3 is proved. O

76



Natalia Neagu and Mihail Popa

REFERENCES

[1] Lyapunov, AM. The general problem on stability of motion. Collection of works, II — Moscow-
Leningrad: Izd. Acad. Nauk SSSR. 1956 (in rusa) (Liapunoff A.M., Probléme générale de la stabilitaté
du mouvement. Annales de la Faculté des sciences de 1’Université de Toulouse, Ser. 2, 9(1907), p.
203-470, Reproduction in Annals of Mathematics Studies 17, Princenton: University Press, 1947,
reprinted, Kraus Reprint Corporation, New York, 1965).

[2] AviLov, K.K., RomaNIUHA, A.A. Mathematical models of tuberculosis extension and control of it.
Mathematical Biology and Bioinformatics, 2007, vol. 2, no. 2, 188-318 (in Russian).

[3] PutunTICA, V. 5. A. Model matematic de control al tuberculozei in Republica Moldova. Raport stiintific
final pe anii 2010-201 1. Institutul de Matematicd si Informaticd al ASM, Chisindu, 2011.

[4] BLowEr, S.M. anD oTHER. The intrinsinc transmission dynamics of tuberculosis epidemics. Nature
Medicine, 1995, vol. 8, no. 1, 815-821.

[5] MALkiN, 1.G. Theory of stability of motion. Moskva: Nauka, 1966. 530 p. (in Russian).

[6] NeaGu, N. Algebre Lie si invarianti la sisteme diferentiale cu proiectii pe unele modele matematice.
PhD Thesis, Chiginau, 2017. 125 p.

Received: September 29, 2023 Accepted: November 30, 2023

el

(Natalia Neagu) “Ion CREANGA” STATE PEDAGOGICAL UNIVERSITY, 5 GH. IABLOCIKIN ST., MD-2069,
CHigINAU, REPUBLIC OF MoLDOVA

E-mail address: neagu.natalia@upsc.md

(Mihail Popa) MoLpovA STATE UNIVERSITY, “V. ANDRUNACHIEVICI” INSTITUTE OF MATHEMATICS AND
COMPUTER SCIENCES, 5 ACADEMIEI ST., MD-2028, CHigINAU, REPUBLIC OF MOLDOVA

E-mail address: mihailpomd@gmail .com

7



	Introduction
	Intrinsic transmission dynamics of tuberculosis (TB)
	Stability conditions of unperturbed motion for some differential systems of generalized Darboux type with quadratic nonlinearities

