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ABSTRACT. A subgroup H of a group G is said to be transi-
tively normal in G, if H is normal in every subgroup K > H such
that H is subnormal in K. We described some infinite groups, whose
non—finitely generated subgroups are transitively normal.

Introduction

We say that a subgroup H of a group G is pronormal in G if
for each element g € G there exists an element u € (H, HY9) such that
HY9 = H". Pronormal subgroups have naturally appeared in the process of
investigation of such important subgroups of finite (soluble) group as Sylow
subgroups, Hall subgroups, system normalizers, and Carter subgroups.
The term “a pronormal subgroup” belongs to P. Hall. The pronormal
subgroups possess the following essential property. Let G be an arbitrary
group and K be a pronormal subgroup of G. If L is a subgroup of G such
that K < L and K is subnormal in L, then K is normal in L. Observe
that not only pronormal subgroups, but some its generalizations have this
property also. Quite recently in the paper [1], the concept of transitively
normal subgroup has been introduced. A subgroup H of a group G is
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said to be transitively normal in G, if H is normal in every subgroup
K > H such that H is subnormal in K. As we can see, every pronormal
subgroup is transitively normal, but converse is not true. Indeed, every
self-normalizing subgroup H (that is H = Ng(H)) is transitively normal.
Note that a pronormal and self-normalizing subgroup is abnormal (see,
for example, [2, § 6, Theorem 7 ]). Recall that a subgroup A of a group G
is called abnormal in G, if z € (A, A”) for each element x € G. We note
that every subgroup which includes an abnormal subgroup is abnormal
and therefore is self-normalizing too (see, for example, [2, § 6, Theorem 1]).
However, not every self-normalizing subgroup is abnormal.

The property “to be transitively normal subgroups” is connected with
another important property. A group G is said to be a T-group if every
subnormal subgroup of GG is normal. In other words, G is a T-group if
the property “to be normal subgroup” is transitive in G. Abelian groups
and groups whose all subgroups are normal (the Dedekind groups) are
trivial examples of T-groups. R. Baer [3] proved that every Dedekind
group G either is abelian or G = Q) x D X B where @ is a quaternion
group, D is an elementary abelian 2-subgroup and B is a periodic abelian
subgroup such that 2 ¢ II(B). The structure of finite soluble T-groups has
been established by W. Gaschiitz [4]. We note that in general case, not
every subgroup of T-group is a T-group itself; so we come to the following
type of groups. A group G is said to be a T-group if every subgroup
of G is a T-group. It turns out that a finite T-group is metabelian. W.
Gaschiitz proved that every finite soluble T-group is a T-group although
this is no longer true for infinite soluble groups. In finite soluble T-groups
and T-groups have been studied by D.J.S. Robinson [5]. We observed
that T-groups have many pronormal subgroups, actually every finitely
generated subgroup of a T-group is pronormal. Converse is also true.
T.A. Peng [6] proved that a finite group G is a T-group if and only if
every cyclic subgroup of G is pronormal. This result was extended to
infinite locally soluble groups by N.F. Kuzennyj and I.Ya. Subbotin [7].
In particular, we obtain the following characterization of locally solubleT-
group: a locally soluble group G is a T-group if and only if every finitely
generated subgroup of G is pronormal. In this connection, it is natural to
consider an opposite case, that is the groups in which every non-finitely
generated subgroup is pronormal. In this paper, we will consider more
general situation, more precisely we will study the groups whose non-
finitely generated subgroups are transitively normal. Of course, we will
consider these groups under some natural restrictions. As the results of
A.Yu. Olshanskij (see the book [8]) show, in many cases it is not realistic
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to expect meaningful results on groups beyond the class of generalized
soluble groups. We will study our groups under the following restriction.
Recall that a group G is said to be radical if it has an ascending series
whose factors are locally nilpotent. Some standard properties of radical
groups can be found in [9]. In this paper we start the consideration of
radical groups, whose non-finitely generated subgroups are transitively
normal. Recall that a periodic radical group is locally soluble. But converse
is not true.

The fist main result of this paper is the following description of
the locally soluble groups, whose non-finitely generated subgroups are
transitively normal.

Theorem A. Let G be a locally soluble periodic group whose non-finitely
generated subgroups are transitively normal. If G is not a Chernikov
group, then G is a T-group. If G is a Chernikov group, then either G is
a Dedekind group or the divisible part Y of G is a quasicyclic group and
G/Y is a finite T-group.

We observe that the conditions of Theorem A are also sufficient.
Indeed, let G be a Chernikov group, Y be the divisible part of GG, and
suppose that Y is quasicyclic and G/Y is a finite T-group. If H is a
subgroup of GG such that H is non-finitely generated, then clearly Y < H.
Since G/Y is a T-group, H/Y s transitively normal in G/Y. Then H is
transitively normal in G.

First natural step'in every study of radical group is a consideration of
locally nilpotent case. For these groups we proved

Theorem B. Let G _be a locally nilpotent group whose non-finitely gener-
ated subgroups are transitively normal. Then every subgroup of G, which
is mon-finitely generated, is normal in G.

The groups, whose non-finitely generated subgroups are normal, have
been studied by L.A. Kurdachenko and V.V. Pylaev [10], G. Cutolo [11],
G. Cutolo and L.A. Kurdachenko [12]. In particular, locally nilpotent
groups, whose non-finitely generated subgroups are normal, were described
quite completely.

The last main result of this paper is following

Theorem C. Let G be a radical group whose non-finitely generated
subgroups are transitively normal. Suppose that G is not periodic. If a
locally nilpotent radical of G is mon minimaz group, then G is abelian.

The case of minimax groups, whose non-finitely generated subgroups
are transitively normal, requires separate consideration.
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1. Preliminary results

1.1. Lemma. Let G be a group whose non-finitely generated subgroups
are transitively normal. Let L be an ascendant locally nilpotent subgroup of
G and suppose that L = Drycp Ly where the subgroups Ly is non-identity
for each. If the index set is infinite, then L is normal in G, moreover,
every subgroup Ly is G-invariant for each A € A.

Proof. Since the set A is infinite, the subgroup L cannot be finitely
generated. Hence it is transitively normal in G. Being ascendant in G, it
is normal in G [1, Lemma 1.1].

Let A be an arbitrary index, put M = A\{A}. Then the subset M
is infinite, so that there are two infinite subset My, Ms of M such that
M = My UMy, M;N My =@. The subgroup Kj = Ly x (L,|n € M;)
is non-finitely generated, because the set M; is infinite, so that K is
transitively normal in G, j € {1, 2}. Since K is normal in L, it is ascendant
in G, which follows that K; is normal in G[1,Lemma 1.1}, j € {1,2}.
The equation Ly = K; N Ky implies that L) is normal in G. O

1.2. Lemma. Let G be a locally nilpotent group. If a cyclic subgroup (g)
is transitively normal in G, then (g) is normal in G.

Proof. Let F be an arbitrary finitely generated subgroup of G, containing
an element g. Then F' is nilpotent, which follows that (g) is subnormal in
F'. Being transitively normal; a subgroup (g) is normal in F'. Since it is
true for every finitely generated subgroup of G, (g) is normal in G. [

1.3. Lemma. Let G be a group and T’ be a normal subgroup of G. Suppose
that T' = Drpery(r) Ty, where Ly ds a Sylow p-subgroup of T If a set II(T)
is infinite, then the subgroup (g,T) is non-finitely generated for each
element g € G.

Proof. Suppose the contrary, let K = (g, T') is finitely generated. If g has
finite order, then the index |K : T'| is finite. But in this case, the subgroup
T must be finitely generated (see, for example, [13, Corollary 7.2.1]), and we
obtain a contradiction. Let g has infinite order. Then T has the elements
T1,...,7, such-that T = (x1)% ... (z,)X [14, p. 421 and 426]. There
exists a finite subset 7 of II(T") such that z1,...,2z, € Dryc, T, = T.
Clearly, every subgroup T, is G-invariant, so that T’ is normal in G. Then
T}, includes the normal subgroup (1) ... (z,)%. Since II(T) is infinite,
T: # T, and we obtain a contradiction. This contradiction shows that
the subgroup K is non-finitely generated. O
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1.4. Lemma. Let G be a group whose non-finitely generated subgroups
are transitively normal. Let L be a periodic locally nilpotent subgroup of
G and suppose that the set II(L) is infinite. If K is a locally nilpotent
subgroup of Ng(L), then K is a Dedekind group; moregver, if K is not
periodic, then it is abelian.

Proof. Since L is locally nilpotent, L = Dr,cyy(z) Ly, where L) is a Sylow
p-subgroup of L, p € II(L). Clearly, every subgroup L is K-invariant. Let
h be an arbitrary element of K. If h has infinite order, then (h) N L = (1).
If the order of h is finite, then there exists an infinite subset M of II(L)
such that (h) N DrpeprL, = (1). Thus in every case, there exists an
infinite subset M of II(L) with the property (h) ADrpecprL, = (1). Being
infinite, M includes two infinite subset ©, = such that M = ZU © and
ZENO =9d. Let U = DrycelL, and V = Drye=L,, then both subgroups
U,V are K — invariant and (1) = U N V. By Lemma 1.3, a subgroup
(h,U) respectively (h, V) ) is non-finitely generated. It follows that (h,U)
(respectively (h, V') is transitively normal in G. By Lemma 1.2, (h)U/U
(respectively (h)V/V') is normal in K /U (respectively in K/V'), so that
(h,U) and (h,V) are normal in K. Then (h) = (h)U N (h)V is normal
in K. In other words, every cyclic subgroup of K is normal in K. This
means that K is a Dedekind group. O

1.5. Lemma. Let G be a group whose non-finitely generated subgroups are
transitively normal. Let p be a prime and P be a locally finite p-subgroup
of G. If P is not a Chernikov group, then P is a Dedekind group.

Proof. Let x be an arbitrary element of P and F' be an arbitrary finite
subgroup of P, contains z. Since P is not a Chernikov group, P includes
an infinite elementary abelian p-subgroup A, which is F-invariant [15].
Let A = Dryecp Ay, where Ay = (ay) is a cyclic subgroup of order p, A € A.
By Lemma 1.1 every subgroup A) is F-invariant, A € A. There exists
an infinite subset M of such that () N Dryecps Ay = (1). Being infinite,
M includes two infinite subset ©Z, such that M = ZU© and =N
© = g. Let U = DrycoA) and V = Dr)czA),, then both subgroups
U,V are F-invariant and U NV = (1). By Lemma 1.3, the subgroup
(x,U) (respectively (x,V')) is non-finitely generated. It follows that (x, U)
(respectively (z,V)) is transitively normal in G. By Lemma 1.2, (z)U/U
(respectively (z)V/V) is normal in FA/U (respectively in FA/V), so that
(x,U) and (z,V) are normal in FA. Then (x) = (x)U N (x)V is normal
in FA. In particular, () is normal in F'. Since it is true for each finite
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subgroup F' of P, {(x) is normal in P. Thus every cyclic subgroup of P is
normal in P. This means that P is a Dedekind group. [

1.6. Lemma. Let G be a group whose non-finitely generated subgroups
are transitively normal. Let P be a Chernikov subgroup of G. If P is not
a Dedekind group, then its divisible part D is quasicyclic; moreover, if P
is locally nilpotent, then P/D is a Dedekind group.

Proof. Suppose that D is not quasicyclic. Let x be an arbitrary element of
D. Since D is divisible, there exists a quasicyclic subgroup X of D, which
contains z. Being quasicyclic, the subgroup X is non-finitely generated,
so that it is transitively normal. Since X is subnormal in P, X is normal
in P [1, Lemma 1.1]. Since X is quasicyclic, every subgroup of X is
P-invariant. In particular, a subgroup (z) is normal in P. It follows that
every subgroup of D is normal in P. Let g be an arbitrary element of P.
Without loss of generality we may suppose that g is a p-element for some
prime p. Then (y) = (g)N D is a cyclic p-subgroup. In this case D includes
a quasicyclic p-subgroup Y such that (y) < Y. Since Y is divisible, there
exists a subgroup Z such that D =Y x Z [16, Theorem 21.2]. As we
proved above, this subgroup Z is P-invariant. The subgroups (¢)Y and
(9)Z are both infinite, therefore they are non-finitely generated. It follows
that both subgroups (g)Y and (g)Z are transitively normal in G. By
Lemma 1.2, (¢)Y/Y (respectively (g)Z/Z) is normal in P/Y (respectively
in P/Z), so that (g)U and (g)Z are normal in P. Then the equations

@Y N{(gZ=(g)p¥Y NZ)={(g)({g)Y N DN Z) =

Gy nZ)={g)

shows that (g) is normal in P. Thus every cyclic subgroup of P is normal
in P. This means that P must be a Dedekind group. This contradiction
shows that D is a quasicyclic subgroup.

Assume that P is locally nilpotent. For every element g € P the
subgroup (g, D) is non-finitely generated. It follows that (g, D) is are
transitively normal in G. By Lemma 1.2, (¢)D/D is normal in P/D. Thus
every cyclic subgroup of P/D is normal in P/D. This means that P/D is
a Dedekind group. O

We need now information about structure of finite groups whose cyclic
subgroups are transitively normal.
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1.7. Lemma. Let G be a finite group whose cyclic subgroups are transi-
tively normal. If G, is a Sylow p-subgroup of G, then G, is a Dedekind
group. Moreover, G = H\Go; in particular, G is soluble.

Proof. Since G, is nilpotent, every cyclic subgroup of G, by Lemma 1.2
is normal. It follows that every subgroup of G, is normal in G),. This
means that G, is a Dedekind group.

Let V = Ng(Gs), then V= G2 AS where S is a Hall 2’-subgroup of V.
If z is an element of Gy of order 2, then the subgroup (z) is subnormal in V.
Lemma 1.2 implies that (z) is normal in V. We remark that any normal
subgroup of order 2 lies in the center of a group. Put Q;(G2) = (g|g € G2
and |g| < 2%). Then Q4(G2) < (V). Using similar arguments we prove
that Qx11(G2)/Q(G2) < ((V/Q4(G2)) for every positive integer k. It
follows that the upper hypercenter of V includes G9. It follows that
V = Gy x S. By Theorem 1 of the paper [17], G = HAGbs. O

1.8. Lemma. Let G be a finite group whose cyclic subgroups are transi-
tively normal. Then G is supersoluble.

Proof. Let U,V be normal subgroups of G such that U <V and a factor
V/U is chief. Lemma 1.7 shows that V/U is an elementary abelian p-group
for some prime p.

Let x € V\U. The subgroup (x) is transitively normal in G, so that
(x)U/U is transitively normal in G/U. Lemma 1.2 shows that (z)U/U
is normal in G/U. Since the factor V/U is G-chief, V/U = (z)U/U.
Hence every G-chief factor of G is cyclic. It follows that a group G is
supersoluble. ]

Let G be a group and X be a class of groups. Then the intersection
Gx of all normal subgroups H of G such that G/H € X is called the
X-residual of a group G.

In particular, if G is finite group and X = N is a class of all nilpotent
groups, then we will say about the nilpotent residual G of a group
G. We observe that in this case, G/Gy is nilpotent.

If X = LN is a class of all locally nilpotent groups, then we will say
about the locally nilpotent residual Gy of a group G. We observe that
in general the factor-group G/Gry is not locally nilpotent. However, if a
group G is locally finite, then G/Gn is locally nilpotent.
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1.9. Corollary. Let G be a finite group whose cyclic subgroups are transi-
tively normal. If L is a nilpotent residual of G, then the following assertions
hold:

(i) L is abelian;

(ii) 2 € II(L);

(iii) G/L is a Dedekind group;
)

(iv) every subgroup of L is G-invariant.

Proof. By Lemma 1.7, G = HAG2 where G is a Sylow 2-subgroup of G.
In particular, G/H is nilpotent. It follows that L < H,so that 2 ¢ II(L).
By Lemma 1.8, G is supersoluble, and therefore the derived subgroup
[G, @] is nilpotent. Clearly, the inclusion L < [G,G] implies that L is
nilpotent. Finally, using again Lemma 1.7 and take into account that
2 ¢ TI(L), we obtain that the Sylow p-subgroups of L are abelian for
every prime p, so that L is abelian itself. Since G/L is nilpotent, (g)L/L
is normal in G/L by Lemma 1.2. It follows that G/L is a Dedekind group.
Finally, Lemma 1.2 proves (iv). O

1.10. Corollary. Let G be a finite group whose cyclic subgroups are
transitively normal. Then the derived length d1(G) is at most 3.

Proof. By Corollary 1.9, the locally nilpotent residual L of G is abelian
and G/L is a Dedekind group. Then d1(G/L) < 2, so that d1(G) < 3. O

1.11. Lemma. Let G be a locally soluble periodic group whose non-
finitely generated subgroups are transitively normal. Suppose that G is not
a Chernikov group. If F'is an arbitrary finite subgroup of G, then every
cyclic subgroup of Fis transitively normal in F.

Proof. Since G is not a Chernikov group, it includes an F-invariant infinite
abelian subgroup A = Drjycp Ay, where Ay = (ay) is a cyclic subgroup of
prime order, A € A [15]. By Lemma 1.1, every subgroup A, is F-invariant,
A € A. Since F'is finite, there exists an infinite subset M of such that
F N DrycpyAx= (1). Let V= DryepsAx. We note that the subgroup
V' is F-invariant and F NV = (1). Let = be an arbitrary element of F.
Lemma 1.3 shows that the subgroup (z, V') is non-finitely generated. It
follows that (x, V) is transitively normal in G. In particular, (z)V/V is
transitively normal in F'V/V. The isomorphism F = F/(FNV) = FV/V
shows that (z) is transitively normal in F'. O
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1.12. Corollary. Let G be a locally soluble periodic group whose non-
finitely generated subgroups are transitively normal. Suppose that G is
not a Chernikov group. Then the following assertions hold:

i) the locally nilpotent residual L is abelian;

(i)
(ii) 2 & (L);
(iii) G/L is a Dedekind group;
(iv) every subgroup of L is G-invariant.

Proof. Let L be a local system of G consisting of all finite subgroups.
If FF € L, then Lemma 1.11 shows that every cyelic subgroup of F' is
transitively normal in F'. Since G/ L is locally nilpotent, the isomorphism
F/(FNL)= FL/L shows that F//(F N L) is nilpotent. It follows that
F' N L includes a nilpotent residual K of the subgroup F'. On the other
hand, if H is a finite subgroup of G such that F' < H and Kp is the
nilpotent residual of the subgroup K, then using again the isomorphism
F/(FNKy) = FKy/Kpy, we obtain that F'/(F N Kp) is nilpotent, which
implies Kr < F'N Kp; in particular, /' < H implies that Kr < Ky. In
other words, the system K = {Kp|F € L} is also local. It follows that
K = Npep K is a normal subgroup of G. For every finite subgroup F'
we have F N K = Kp, so that F//(FN K) = F/Kp is nilpotent. The
isomorphism F/(F N K) = FK/K shows that every finite subgroup of
G/K is nilpotent. It follows that G/ K is locally nilpotent, so that L < K.
On the other hand, as we showed above, L includes the nilpotent residual
K of each finite subgroup £ of G, so that L includes Upcr, K = K. Hence
L = Upep K. Using now Lemma 1.11 and Corollary 1.9 we conclude that
L is abelian and 2 ¢ TI(L). Let =,y be two arbitrary element of G, put
X = (x,y). Then X is finite. Using again Lemma 1.11 and Corollary 1.9
we obtain that X/Kx = X/(X NL) = XL/L is a Dedekind group. It
follows that (zL)¥ = (zL)! for some positive integer t. This means that
G/L is a Dedekind group.

Similarly, let ¢ € L and let h be an arbitrary element of G, put
F = (g,h). Then F is finite and ¢ € F N L = Kp. Using Lemma 1.11
we obtain that every cyclic subgroup of F' is transitively normal in F'.
Corollary 1.9 implies that g" = ¢ for some positive integer m. Since it is
true for an arbitrary element h € G, the subgroup (g) is G-invariant. []

Proof of theorem A

Assume first that G is not a Chernikov group. Let L be the locally
nilpotent residual of G. Suppose that II(L) NII(G/L) # @, and choose
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a prime ¢ with the property ¢ € II(L) N II(G/L). By Corollary 1.12, L
is abelian, thus L = Drcyy(r)Lp where L, is the Sylow p-subgroup of
L. Let Q = Ly and R = Dry,L,. Then Q) = L/R. Since q € II(G/L),
the Sylow g-subgroup S/L is non-identity. We recall that G /L is locally
nilpotent by Corollary 1.12, so that S/L is normal in G/L. It follows
that S/R is a normal Sylow g-subgroup of G/R. Let = € S\R,g be an
arbitrary element of G. Put F = (x,g). Lemma 1.11 shows that every
cyclic subgroup of F' is transitively normal in F'. The subgroups SN F and
R € F are normal in F' and (SNF)/(RNF) is a g-group. By Lemma 1.2,
every cyclic subgroup of (SN F)/(RN F) is F-invariant, in particular,

(z(RN F))IEF) — (2(RNF)) = 2/(RAE)

for some positive integer t. It follows that (zR)9* = 2’ R = (xR)’. Since
this is true for every element g € G, the subgroup (zR) is G-invariant.
If we suppose that S/R < ((G/R), then the factor-group G/R is locally
nilpotent, and we obtain a contradiction with the choice of R. This
contradiction shows that G/R # Cg/r(S/R). Since S/R is a Sylow g¢-
subgroup of G/ R, there exists the ¢'-element 2R ¢ Cy/r(S/R). Choose
the element y € S\R such that (zR)(yR) # (yR)(zR). Let H/R be
an arbitrary finite subgroup of S/R, containing yR. By proved above,
every subgroup of H/R is (zR)-invariant and 2R ¢ Cg/r(H/R). Then
H/R is abelian [18]. It follows that S/R is abelian. If we suppose that
L/R < {(G/R), then the factor-group G/R is locally nilpotent, and we
obtain a contradiction with the choice of R. This contradiction shows that
G/R # Cg/r(L/R). Since S/R is an abelian Sylow g-subgroup of G/R,
there exists a g-element vR € Cg/r(L/R). Choose the element d € S\L
such that dP € L. By proved above, the subgroup (dR) is G-invariant,
which implies that (dL) is also G-invariant. Since G/ L is locally nilpotent,
D/L = {(dL) < ((G/L). Then [D/L,vR|L/R, in particular, [D/R,vR] #
D/R. Since S/R is an abelian g-group, Proposition 2.12 of the paper [19]
shows that [D/R,vR] x Cp/gr(vR) = D/R. Then from [D/R,vR] # D/R
we obtain that C'p/g(vR) # (1). Choose now in Cp,r(vR) an element cR
of order p. Let now aR be an element of [D/R,vR| having order p. Since
every subgroup of D/R is (vR)-invariant and aR & Cp/r(vR), (aR)™ =
(aR)™ where m is.a p/-number; moreover, m #Z 1(modp). We have

(acR)™™ = ((aR)(cR))™ = (aR)" (cR)™" = (aR)*(cR) = (aR)™(cR).

On the other hand, since acR & Cp/p(vR), (acR)™® = (acR)" where t
is also p’-number such that t # 1(mod p). Hence (aR)™(cR) = (acR)! =
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(aR)!(cR), it follows that m = t(mod p) and t = 1(mod p), and we ob-
tain a contradiction. This contradiction proves that II(L) N II(G/L) # @.

Corollary 1.12 shows that L is abelian, 2 ¢ II(L),G/L is a Dedekind
group, every subgroup of L is G-invariant. In other words, all conditions of
Theorem 6.1.1 of paper [5] are satisfied. By this theorem G is a T-group.

Consider now the case when G is a Chernikov group. Suppose that D
is not a Dedekind group. Then Lemma 1.6 shows that Y is a quasicyclic
group. Let H/Y is an arbitrary subgroup of G/Y. Clearly, H is non-finitely
generated, so that H is transitively normal in G. Hence every subgroup
of G/Y is transitively normal. It follows that G/Y is a T-group. Ol

1.14. Corollary. Let G be a periodic (locally soluble)-by finite group
whose non-finitely generated subgroups are transitively normal. If G is
not a Chernikov group, then G is a T-group.

Proof. Let K be a normal locally soluble subgroup of G. Then K is
not a Chernikov group. If ¢ € G K, then the subgroup (g, K) is non-
finitely generated. It follows that (g, K') is transitively normal in G. Then
(9, K)/K = (g)K/K is transitively normal in G/K. In other words, every
cyclic subgroup of G/K is transitively normal in G/K. Corollary 1.10
shows that G/K is soluble. Then G is locally soluble, and we can apply
Proposition 1.13. O

2. The locally nilpotent groups whose non-finitely
generated subgroups are transitively normal

A group G is said to have finite O-rank ro(G) = r if G has an
ascending series whose factors are either infinite cyclic or periodic and
if the number of infinite cyclic factors is exactly r. If G has another
ascending series whose factors are either infinite cyclic or periodic, then
it is not hard to see that the number of infinite cyclic factors in this new
series is also r. It shows that ro(G) is an invariant of the group G.

If G has an ascending series with periodic and infinite cyclic factors
and the set of infinite cyclic factors are infinite, then we will say that the
group G has infinite O-rank.

Otherwise we will say that G has no O-rank.

2.1. Lemma. Let G be a group whose non-finitely generated subgroups
are transitively normal. If G includes a normal free abelian subgroup of
infinite O-rank, then G is a Dedekind group.
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Proof. Let A be a normal free abelian subgroup of infinite O0-rank, then
A = Drycp Ay where Ay = (ay) is an infinite cyclic subgroup, A € A.
By Lemma 1.1, every subgroup A) is G-invariant, A\ € A. Let = be an
arbitrary element of a group G. There exists an infinite subset M of A
such that (x) N DrygarAx = (1). Being infinite, M includes two infinite
subset ©Z, such that M = =ZUO and ZNO = . Let U = DryceA) and
V' = Dryec=A); then both subgroups U, V are G-invariant and UNV = (1).
By Lemma 1.3, the subgroup (z,U) (respectively (x,V)) is non-finitely
generated. It follows that (x, U) (respectively (x, V')) is transitively normal
in G. By Lemma 1.2 (z)U/U (respectively (x)V/V) is normal in G/U
(respectively in G/V'), so that (x,U) and (z,V) are normal in G. Then
() = (x)U N (x)V is normal in G. In particular, (x) is normal in G.
Thus every cyclic subgroup of G is normal in G. This means that G is a
Dedekind group. Ol

2.2. Corollary. Let G be a group whose non-finitely generated subgroups
are transitively normal. If G includes an_ascendant free abelian subgroup
of infinite 0-rank, then G is a Dedekind group.

Proof. Let A be an ascendant free abelian subgroup of infinite O0-rank. By
Lemma 1.1, the subgroup A is normal in G, so we may apply Lemma 2.1.
O

If G is a group, then by Tor(G) we will denote the maximal normal
periodic subgroup of G. We recall that if G is a locally nilpotent group,
then Tor(G) is a (characteristic) subgroup of G and G/Tor(G) is torsion-
free.

2.3. Lemma. Let G be a group whose non-finitely generated subgroups
are transitively normal. Suppose that L is a locally nilpotent radical of G.
If its periodic part Tor(L) is not a Chernikov group, then L is a Dedekind

group.

Proof. Let T" = Tor(L). Then T' = Dr,cpy)T, where T), is a Sylow
p-subgroup of L,p € II(L). Clearly every subgroup L, is G-invariant.
The fact p € II(L) means that T}, # (1). Thus if II(L) is infinite, then
the decomposition T' = Dr,c1y(1) T} is infinite. Suppose now that the set
II(L) is finite. Then it includes a prime p such that the Sylow p-subgroup
T, of T'is not a Chernikov group. By Lemma 1.5, the subgroup 7, is a
Dedekind group. If p # 2, then T}, is abelian. If p = 2, then either T}, is
abelian or T}, = @) x B where @ is a quaternion group and B is abelian.
In both cases, T}, includes the G-invariant elementary abelian p-subgroup
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A. We have A = Dr)cpAy, whereAy = (a)) is a cyclic subgroup of
order p, A € A. By Lemma 1.1, every subgroup Ay is G-invariant. Thus
in every case, L includes the subgroup D = Dr)cp D), where D) is a
non-identity G-invariant subgroup for each A € A and F the index set
A is infinite. Let g be an arbitrary element of L and F be an arbitraty
finitely generated subgroup of L, which contains g. Since F' is finitely
generated and nilpotent, it satisfies the maximal condition. It follows that
FND < Dryecg D, for some finite subset K. Then FNDrycp gDy = (1).
Since the subset A K is infinite, the subgroup (g)(Drycp D)) is non-
finitely generated. It follows that (g)(Dryep g Dy) is transitively normal
in G, in particular, it is transitively normal in F(Dryecp g D)). On the
other hand, F' = F/(F N Drycp\g D) = F(Dryep g D)/ (Dryea g Da)-
From this isomorphism we obtain that (g) is transitively normal in F'.
Since F' is nilpotent, Lemma 1.2, shows that (g) is normal in F. Since
it is true for every finitely generated subgroup of L, (g) is normal in L. It
follows that L is a Dedekind group. OJ

2.4. Lemma. Let G be a nilpotent torsion-free group whose non-finitely
generated subgroups are transitively normal. If its center ((G) is non-
finitely generated, then G is abelian.

Proof. Put Z = ((G). Choose in Z a free abelian subgroup C such
that Z/C' is periodic. If ro(C) is infinite, then G is a Dedekind group
by Corollary 2.2. Suppose now that C' is finitely generated. Since G is
torsion-free, G/Z is also torsion-free (see, for example, [20, § 66]). Put
D, =C",ne N.If II(Z/C) is infinite, then II(Z/D,,) is also infinite for
each n € N. Lemma 2.3 shows that in this case, the factor-group G/D,, is
a Dedekind group, n € N. Since G/Z is torsion-free, G/D,, is not periodic
and, being a Dedekind group, is abelian. It is true for each n € N, so that
G, G| < D, for each n € N. Hence [G,G] < NpenD, = (1).

Assume now that a set II(Z/C) is finite. Let 7 = P\(Z/C) (here
P is the set of all prime numbers). Then 7 is infinite. Since C' is free
abelian, NyerD), = (1). By the choice of w,C/D, is a Sylow p-subgroup
of Z/D,. It follows that Z/D, = C/Dp x Q,/D, where Q,/D, is a
Sylow p/-subgroup of Z/D,,. In particular, C' N @Q, = D,. The finiteness
of C'/D, implies that the subgroup @, is non-finitely generated. Since
G is nilpotent, the subgroup (g,@Qp) is non-finitely generated. Hence
(9,Qp) is transitively normal in G. We recall that in a nilpotent group
every subgroup is subnormal. Hence (g, Q,) being transitively normal
and subnormal in G is normal in G [1, Lemma 1.1]. In other words, every
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cyclic subgroup of G/@Q, is normal. It follows that G/Q, is a Dedekind
group. Since it is not periodic, it is abelian. This is true for each p € 7, so
that [G,G] < D, for each p € 7. Hence [G, G| < Npe-Qp = Q. We have

QNC = (NperQp) NC = Nper(Qp N C) = Nper Dy = (1).

Thus Q = Q/(QNC) = QC/C < Z/C. We remark that Z/C is a periodic
group, so that ) must be periodic. On the other hand, G is torsion-free,
hence every its periodic subgroup is identity. Consequently @ = (1), which
follows that [G,G] = (1) and G is abelian. O

2.5. Proposition. Let G be a nilpotent torsion-free group whose non-
finitely generated subgroups are transitively normal. If G is non-finitely
generated, then G is abelian.

Proof. Suppose that G has an infinite O-rank. Then G includes a free
abelian subgroup A having infinite 0-rank [21, Theorem 5]. Since G is
nilpotent, A is subnormal in G. Then Corollary 2.2 implies that G is a
Dedekind group. Being not periodic, G is abelian. Assume now that G
has finite O-rank. If we suppose that ((G) is finitely generated, then G is
finitely generated [22, Corollary 1 of Lemma 2.6]. Thus ((G) is non-finitely
generated, and we can apply Lemma, 2.4. O

2.6. Proposition. Let G be a locally nilpotent torsion-free group and
A a free abelian subgroup of infinite countable O-rank. If F' is a finitely
generated subgroup of G, then either (F, A) includes the F-invariant
subgroups K, L such that K < L, K of finite 0-rank and L/K is an
abelian torsion-free group of infinite 0-rank, or (F,A) has an infinite
central series

(1) =Dy <Dy<Dy<...<Dy<Dpir <...
whose factors are torsion free and of finite 0-rank.

Proof. We have A = Dr,cnA,, where A,, = (a,) is an infinite cyclic
subgroup, n € N. Put L, = (F,aq,...,a,), n € N. By this choice, L,
is an infinite finitely generated subgroup for each n € N. We remark
that the center Z,, = ((L,) is a pure subgroup of L,, for each n € N
(see, for example, [20, § 66, 67]). The inclusion F' < L,, implies that
Zy is an F-invariant subgroup for each n € N. The subgroup Z; is
abelian, therefore Z; 7, is also abelian. Since Ly/Z5 is torsion-free, then
either Z1 < Z3 or ro(Z122))ro(Z)1). By the same reason a product
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(Z1Z2)Z3 is abelian and either (Z17Z) < Z3 or ro(Z12273))ro(Z122).
Using the similarly arguments, we obtain that the subgroups Zj ... Z,
are abelian for each n € N. Then and its union C; = UpenZ7 ... Z, is
abelian. We note that every subgroup Z; ... Z, is F-invariant for each
n € N, therefore C] is also F-invariant. We have the following two
possibilities: C has an infinite 0-rank, or ro(C1) is finite. In the first
case, put K = (1), L = 1. In the second case, there exists a positive
integer ¢ such that ro(Z1...2;) = ro(Z1... Ziyp) for all n € N. As we
have seen above, this means that Z;... 2,1 < Z, < Zy4p < ... It
follows that C; < (((F, A)), in particular, (((F,A)) = D; # (1). We
remark that ro(D1) = ro(Ch). In this case, we consider the factor-group
(F, A)/D;. This factor-group is torsion-free (see, for example, [20, § 66, 67]),
therefore we can repeat all previous arguments. Then either (F, A)/D;
includes an F-invariant abelian subgroup Cy/D; having infinite 0-rank
or Do/ Dy = (((F, A)/D:) is a non-identity subgroup having finite 0-rank.
In the first case, put K = Dy, L = Cs. In the second case, we will consider
the factor-group (F, A)/Ds. Similar arguments prove the result. O

2.7. Proposition. Let G be a locally nilpotent torsion-free group whose
non-finitely generated subgroups are transitively normal. If G is non-
finitely generated, then G is abelian.

Proof. Suppose that G has finite O-rank. Then G is nilpotent [21, Theorem
5], and we can apply Proposition 2.5. Suppose now that G has infinite 0-
rank. Then G includes a free abelian subgroup A having infinite countable
O-rank [21, Theorem 5|. Let F' be an arbitrary finitely generated subgroup
of G. Consider the subgroup (F, A). Proposition 2.6 shows that either
(F, A) includes F-invariant subgroups K, L such that K < L, K has finite
O-rank and L/K is an abelian torsion-free group of infinite 0-rank, or
(F, A) has an infinite central series (1) = Dy < Dy < Dy <...< D, <
Dyi1 < ..., whose factors are torsion free and have finite 0-rank.

Consider the first case. Put S = (F, L). There exists a hypercenter C'
of S with a natural number including the subgroup K [23]. By Lemma 2.1,
S/K is a Dedekind group, in particular, it is nilpotent. Then S is likewise
nilpotent. Proposition 2.5 shows that S is abelian. It follows that F is
abelian.

Consider now the second case. Put D = Upen D, and V = (F, D).
Since V/D = FD/D = F/(F N D) is nilpotent, V is hypercentral. By
the construction of D,ro(D) is infinite. Then V includes a free abelian
subgroup B having infinite countable O-rank [21, Theorem 5]. We recall
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that the subgroup V satisfies the normalizer condition (see, for example,
[20, § 63]). It follows that the subgroup B is ascending. Using Corollary 2.2,
we obtain that V' is a Dedekind group. Being non-periodic, V' is abelian;
in particular, its subgroup F'is abelian.

Consequently, every finitely generated subgroup of G is abelian. It
follows that G is abelian. L

Proof of theorem B

Let T'= Tor(G). If T is a non-Chernikov subgroup, then Lemma 2.3
shows that G is a Dedekind group. In particular, every subgroup of G,
which is non-finitely generated, is normal in G. Suppose now that T is a
Chernikov subgroup. Since G is locally nilpotent, some hypercenter of G
includes T'. By Proposition 2.7, G/T is abelian or finitely generated. In
the second case G/T is nilpotent. Hence in both cases G is hypercentral.
We note that a hypercentral group satisfies the normalizer condition (see,
for example, [20, § 63]). In other words, every subgroup of G is ascendant.
In particular, every subgroup K of G, which is non-finitely generated,
is ascendant in (G. Being transitively normal in G, K is normal in G
[1, Lemma 1.1]. O

3. The radical groups whose non-finitely generated sub-
groups are transitively normal

Following A.I. Maltsev [21] we say that a group G is a soluble As-
group if G has a finite subnormal series (1) = Ko < K1 <... < K,, =G
whose factors either are abelian Chernikov group or torsion-free abelian
group of finite O-rank.

3.1. Lemma. Let G be a group whose non-finitely generated subgroups
are transitively normal. Suppose that L is a locally nilpotent radical of G.
If L is a non-As-group, then every subgroup of L is G-invariant.

Proof. Taking into aecount the results of papers [10, 11, 12| we can see
that Theorem 2.8 implies that L is a Dedekind group. If L is not periodic,
then L is abelian. If L is periodic, then L is nilpotent and abelian-by-finite.
Hence in every case, L includes a subgroup D = Drycp D) where D is a
non-identity cyclic subgroup for each and the index set is infinite. Let g
be an arbitrary element of L. Then (g) N D < Drycx D) for some finite
subset K, so that (g) NDrycp\ gD = (1). Since subset A\K is infinite, it
includes two infinite subsets ©, = such that A\K =ZU0© and 2N O = &.
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Let U = DrycgD) and V = Dr)c=D,, then U NV = (1)..Clearly the
subgroup (g, U) (respectively (g, V')) is non-finitely generated, therefore
(g,U) (respectively (g,V)) is transitively normal in G. Being subnormal
in G, (g,U) (respectively (g, V)) is normal in G. Then (g) = (¢)U N (g)V'
is normal in G. Thus every cyclic subgroup of L is normal in G. This
means that every subgroup of L is G-invariant. Ol

3.2. Corollary. Let G be a radical group whose non-finitely generated
subgroups are transitively normal. Suppose that L is a locally nilpotent
radical of G. If L is a non-As-group, then G /L is abelian.

Proof. By Lemma 3.1 every subgroup of L is G-invariant. Then G/Cg(L)
is abelian (see, for example [24, Theorem 1.5.1]). We note that in a radical
group, the locally nilpotent radical includes its centralizer [9, Lemma 4].
It follows that G/L is abelian. O

3.3. Proposition. Let G be a radical group whose non-finitely generated
subgroups are transitively normal. Suppose that G is not periodic. If the
locally nilpotent radical of G is a non-As-group, then G is abelian.

Proof. Let L be the locally nilpotent radical of G. By Lemma 3.1, every
subgroup of L is G-invariant, and Corollary 3.2 shows that G/ L is abelian.
It follows that G is an F'C-nilpotent group. Then every finitely generated
subgroup of G is nilpotent-by-finite [25, Corollary 3.20], in particular,
it satisfies the maximal condition for all subgroups. As in the proof of
Lemma 3.1 we can obtain that L includes the subgroup D = Dr,cnDn,
where D,, is a non-identity cyclic subgroup for each n € N. Since G
is non-periodic, G contains an element g of infinite order. Let F' be an
arbitrary finitely generated subgroup of GG containing element g. There
exists a positive integer k such that (¢) N D < Dri<,<;D,. Put K; =
Dr,>i4j+1Dn, j € N,sothat (g)NK; = (1) for each j € N. Furthermore,
NjenK; = (1). Consider the subgroup F K. If we suppose that it is finitely
generated, then by proved above it satisfies the maximal condition for all
subgroups. In particular, its subgroup K satisfies the maximal condition
for all subgroups. On the other hand, K; = Dry,>p 41Dy, and we obtain
a contradiction. This contradiction shows that F'K; cannot be finitely
generated. Then F'Kj is transitively normal in G. By Lemma 3.1 the
subgroup K is normal in G, so that FK;/Kj is transitively normal in
G/K;. Thus every finitely generated subgroup of G/Kj is transitively
normal in G/K;. Furthermore, every subgroup of G/Kj, which is non-
finitely generated, is transitively normal in G/ K ;. Hence each subgroup of
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G/K; is transitively normal in G/Kj. In other words, G/K; is a T-group.
The equation (g) N K; = (1) shows that G/K; is non-periodic. Then
G/K;j is abelian [5, Theorem 6.1.1]. It follows that [G, G] < K. Since it
is true for each j € N, [G,G] < NjenK; = (1) and G is abelian. O

Proof of theorem C

Let L be a locally nilpotent radical of G. If G is a non-A3-group, then
G is abelian by Proposition 3.3. Therefore suppose that L is a soluble
As-group. Let T'= Tor(G), then T is a Chernikov subgroup. Let D be a
divisible part of T'. Denote by L1 /D the locally nilpotent radical of G/D
and put T} /D = Tor(Ly/D). Suppose that 71/D is a not a Chernikov
group. Then G/ D is abelian by Proposition 3.3. We recall that a periodic
automorphism group of a Chernikov group is also Chernikov [26]. It
follows that To = Cg(D) N1} is a not a Chernikov group. Since T is
nilpotent, T, < Tor(L), and we obtain a contradiction. This contradiction
shows that 7% /D is a Chernikov group. Let-D; /D be a divisible part of
Ty/D. Then D; is a Chernikov group, and being divisible, it is abelian.
It follows that Dy < Tor(L), so that Dy =.D. Thus T1/D is finite.

Since L /T is non-finitely generated, Proposition 2.5 shows that L/T is
abelian. Since T/D is finite, L/D is nilpotent. Proposition 2 of the paper
[27] shows that L /D includes a normal torsion-free subgroup H/D such
that L/H is bounded. In particular, the isomorphisms

H/D = (H/D)/(H/DNT/D)=(H/D)(T/D)/(T/D) =
— (HT/D)/(T/D) = HT/T < L/T

shows that H/D is abelian. Let ¢ be a positive integer such that the orders
of elements of L/H divide ¢, then (L/D)' = K/D < H/D. We note that
K/D is a characteristic subgroup of L/D, so that K/D is G-invariant.
The inclusion K/D < H/D shows that K/D is torsion-free.

Suppose that G/ K is periodic. Being radical, it is locally finite. Let F'
be an arbitrary finitely generated subgroup of G. Then FK/K is finite, so
that F1 = FNK has finite index in F. But in this case, the subgroup FNK
must be finitely generated (see, for example, [13, Corollary 7.2.1]). Then
Fy/(Fy; N D) is finitely generated and nilpotent. Being finitely generated
and abelian-by-nilpotent, [} satisfies the maximal condition for normal
subgroups [14, Theorem 3|. It follows that its normal abelian subgroup
F1ND is bounded. Being a Chernikov group, it is finite. Hence F7 is finite-
by-nilpotent and F' is polycyclic. It follows that the subgroup F'D cannot
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be finitely generated. Then F'D is transitively normal in G. In other
words, every finitely generated subgroup of G/D is transitively normal.
On the other hand, every subgroup, which is non-finitely generated, is
also transitively normal. Hence every subgroup of G/D is transitively
normal. This means that G/D is a T-group. Since G/ D is not periodic,
it is abelian [5, Theorem 6.1.1].

Suppose now that G/K is not periodic. Denote by C'/D a free abelian
subgroup of K /D such that K/C is periodic. Since L/K is a bounded
A -group, it is finite. It follows that K/ D not minimax, which follows that
the set II(K/C') is infinite. Thus K/C = Dreri(rjp) Kp/C where K, /C' is
a Sylow p-subgroup of K/C. Since the set II(K/C) is infinite, it includes
two infinite subset O, = such that II(K/C) =2U 0O and EN O = &. Let
U/C =DrycoK,/C and V/C = DrK,/C,then UNV = C. Clearly, both
subgroups U and V are non-finitely generated, and therefore they are
transitively normal in G. Being subnormal in G, the subgroups U and V are
normal in G. Then C'= UNV is normalin G. Let {p,|n € N} be an infinite
set of primes. Put C1/D = (C/D)*1, Co/D = (C1/D)P2,Cpi1/D =
(Cn/D)Pn+ 1,n € N. Then every subgroup C,, is G-invariant, and the
set II(K/C),) is infinite, n € N. Thus the factor-group G/C,, includes the
periodic normal abelian subgroup K/C,, such that the set II(K/C,,) is
infinite and G/ K is not periodic. By Proposition 3.3, G/C,, is abelian, so
that [G, G| < C,,. Since it is true for each n € N, [G,G] < NpenCy, = D.
It follows that G/ D is abelian. Hence in every case, the factor-group G/D
is abelian.

Suppose that D is not quasicyclic. In this case, D includes a quasicyclic
p-subgroup Y such that D # Y. Since Y is divisible, there exists a
subgroup Z such that D =Y x Z [16, Theorem 21.2]. Both subgroups
Y, Z are non-finitely generated, and therefore they are transitively normal
in G. Being subnormal, Y, Z are normal in G [1, Lemma 1.1]. Let F' be
an arbitrary finitely generated subgroup of GG. Being finitely generated
and metabelian, F' satisfies the maximal condition for normal subgroups
[14, Theorem 3]. It follows that its normal abelian subgroup F N D is
bounded. Being a Chernikov group, it is finite. Hence F' is finite-by-
abelian, in particular, I is polycyclic. It follows that F'Y is non-finitely
generated, so that F'Y/Y is transitively normal in G/Y. We remark that
every subgroup, which is non-finitely generated, also is transitively normal.
Hence every subgroup of G/Y is transitively normal. This means that
G/Y is a T-group. Since G/Y is non-periodic, it is abelian [5, Theorem
6.1.1]. By the same reasons, G/Z is abelian. Then [G,G] <Y NZ = (1),
which shows that G is abelian.
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Hence, if we suppose that G is non-abelian, then D is quasicyclic.
Let g € G\D and consider the mapping ®, : d — [g,d],d € D. Since
G/D is abelian, this mapping is a ZG-endomorphism of D. We have
Ker(®,) = Cp(g), Im(®,) = [g, D], so that

D/Ker(®,) = D/Cp(g) = D/Ker(®,) = ZG Im(®,) = {g: D).

If Cp(g) is a proper subgroup of D, then it is finite, and the above
isomorphisms show that [g, D] must be infinite. Since D is quasicyclic,
lg, D] = D. Let = be another element of G. Then g* = gd for some element
d € D. The equation [g, D] = D implies that there exists an element
b € D such that d = [g,b]. Then g* = gd = g[g,b] = gg~ b 'gb = ¢*. It
follows that b~ € Cg(g). In other words, G = DCg(g). The intersection
Ca(g9) N D = Cp(g) = B is finite. Being finite-by-abelian and locally
nilpotent, B is nilpotent. We have already proved that 7'/D is finite. It
follows that Tor(B) is finite. Using again Propesition 2 of the paper [27],
we obtain that B includes a normal torsion-free subgroup By such that
B/B; is bounded. Let m be a positive integer such that the orders of
elements of B/B; divide m, then B™ = By < B;. We note that B™ is a
characteristic subgroup of B, which implies that B" is G-invariant. An
inclusion By < Bj shows that Bs is torsion-free. In particular, BonD = (1).
Since B/Bj is bounded As-group, it is finite.

Since G/D is abelian, [G, G| < D, so that By N [G,G]| = (1). This
means that Bs < ((G). In particular, the subgroup A = DB is a
normal abelian subgroup of GG. Every subgroup of A, which is non-finitely
generated, is transitively normal in G. Being subnormal, it is normal in
G. Let F be a finitely generated subgroup of A. Then F N D is finite,
so that DF/F = D/(D N F) is infinite and hence quasicyclic. Being
divisible, DF'/F has a complement in abelian subgroup A/F (see, for
example, [16, Theorem 21.2]). In other words, there exists a subgroup
A such that A/F = A;/F x DF/F. Since A/D is not minimax, A/DF
is also not minimax. It follows that A;/F is not minimax. Let 71 /F =
Tor(A;/F). Suppose first that the set # = II(71/F) is infinite. Thus
T, /F = DrpesS,/F where S,/ F is a Sylow p-subgroup of 77 /F. Since a
set 7 is infinite, it includes two infinite subset ©, = such that rt =ZU ©
and 2N O =@. Let Ay/F = DryceS,/F and A3/F = Drpc=5,/F,
then A, N A3 = F'. Clearly, both subgroups A and As are non-finitely
generated, therefore they are transitively normal in GG. Being subnormal
in G, A; and A3 are normal in G. Then Ay N A3 = F is normal in G.

Consider now the case when the set II(71/F) is finite. Then T /F
is a Chernikov subgroup, so that A;/F = T)/F x A4/F. We noted
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that the torsion-free subgroup A4/F is not minimax. Let F/F be a
finitely generated subgroup of A4/F such that A4/FE is periodic. Let
{pn|n € N} be an infinite set of primes. Put £y /F = (E/F)P1. Since the
set II(A4/FE1) is infinite, a Sylow pj-subgroup R;/FE; of A4/F; is non-
finitely generated. Hence it is transitively normal and, being subnormal,
is normal. By its construction, Ry N E = E;. Put Ey/F = (E1/F)P2.
Again the Sylow ph-subgroup Ry/FE, of Ry/E5 is non-finitely generated.
As above it follows that Ro is normal in G. In a similar way, we define
inductively E,1/F = (E,/F)Pn + 1 and denote by R,+1/E,+1 the
Sylow py41-subgroup of R, /E,+1,n € N. Then Ry, 3 is normal in G and
R,y1NE =FE,;1,n € N. Since E/F is free abelian, N,en E,/F = (1),
that is Np,enEn, = F. Put R = NpenRy,. Then F < R and

R/FNE/F = (NpenRn/F)NE/F =
= MneN(Rp/FNE/F) = NpenE,/F = (1).

Since A4/F is periodic and A4/F' is torsion-free, R/F = (1) or R = F.
Since every subgroup R,, is normal in G,n € N, F' is likewise normal in G.

Thus every subgroup of A is G-invariant. Suppose that G # Cg(A).
Then |G/Cq(Bs) = 2 (see, for example [24, Theorem 1.5.7]) and if h is
an element such that G = (h)Cg(A), then h? € Cg(A) and a”* = a=! for
each element a € A. It follows that [a, h] = a=2 for each a € A. On the
other hand, if 1 # a € By, then the inclusion By < ((G) implies that
[a, h] =1, so that a~2 = 1. Thus we obtain a contradiction, because Bs
is torsion-free. This contradiction shows that G = Cg(A). In particular,
A < ((G) and G is nilpotent. Using Theorem 2.8 we obtain that every
subgroup of G, which is non-finitely generated, is normal in G. Since G
is not minimax. From the results of papers [10, 11, 12] it follows that G
must be abelian. O
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