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Abstract The parameter identification problem of the temperature field of the
transformer is a piecewise smooth identification problem. Taking the flow velocity as
the identification parameter, consider a parameter identification problem of temperature
field of the transformer, prove the existence of the optimal parameter and the necessary
optimality conditions, and present a theoretical basis for the numerical simulation of
temperature field of transformers.
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120 Æv}�! , 15 gU%(9z�_e6r�6Æ[iU_ear��;��~Ip�fM6k4�KG_b�$Cw\Z�30:f�Co_vFz{�u��Æ�fM6k4CÆ_8H�Ho??Æz�fM_6rCÆ [1−3]. pÆ	^�fM_6k4CÆ�++7o"�4�87o"�4,^T�87o"^T, VaKW0W [4−5] �L��a [6−7] �Æ	^��hK�fM_h4�:�6k4_CÆ�Z*o"�SW�fM_�4�^T, VGX=_G=G_;��2>�
��fMU�M_+ 2\�-�ChV��Vxt��fM6k4�p_� 2\�O� V�	V�_2RY��E_6k4}<,�JYV�IY�E_6k4}<w��W*1J_W*�M�O��w��2�w.�_�).��%.��w0W�℄<~��).��%�whaX^�r��_ha:% [8−13], �}x:���Æ	Om��N6��='#�rxX=G_a6k4_b.�_�w����8(p	^��zhK�fM_h4�:�6k4_.��w,�30:;�� 8H [6 − 7] �O�_�fM6k4CÆ0Ww��4Æx_9Dj�pIrV�\._�E 2�).��%.��w;��--KU�.�_P \,y;.�2U�_�o\�M�
1 _Æ~���idb�`�}� 8H [6-7] ?��e�fMU�p9_YM�e� �fM6k4,�CÆV�jO���AY���
2RY��,IY���QY��22RY���P�fM6k4_CÆV��:
��| V�jE [,^T(_	 7_2RY�V�� Ω  |� ΓΩ  |V� Ω _(�W���|^T�^T7_	℄ 7_IY�V�
M = MB ∪MC �K? MB,MC �! | B�C K^T�ΓMΩ = Ω∩M  | M � Ω QW_ChV�� ΓM = ∂M\ΓMΩ 2 M _(�W�6� L  |R\:��^_uJ�� Σ = M ∪ Ω � Q = Σ× (0, L) ��fMU�1T*,RT*'LL8H [6] _' 1 ,' 2. Ku��fM6k4CÆ}rV�\.;��-�V��VxUV�IY�V�?_ z Y��2RY�K#�ChV�7Y��5u7^p
GY�\Z�5��C�2RY�,IY��E_�fMh46k4_�%}<�K7�(�W�M,A3�M�2�$�fMh46k4�).��%_r�w\�KU�\�M�t	^��hK�fM�Z_vFR{�rWEHn


H1: +� cp (x, y, z), kx (x, y, z) , ky (x, y, z) , kz (x, y, z) , q1 (x, y, z), q2 (x, y, z) ∈

PC (Ω;R) � cp (r, φ, z) � kr (r, φ, z) , ψ′kz (r, φ, z) , q3 (r, φ, z) , k4 (r, φ, z) ∈ PC (M ;R) 2u/�E�a_+��
H2
T0 ∈ C (Q;R)2u/_+��K? cp(x, y, z)2�_�)k_;<�ux(x, y, z, t),

uy(x, y, z, t), uz(x, y, z, t) �!2 x, y, z }O	_��� kx(x, y, z), ky(x, y, z), kz(x, y, z)



2 I s��!3�*/�A&`s�x℄AV�℄�N 121�!2 x, y, z }OZ_��� f(x, y, z, t) 2w_M� q1(x, y, z), q2(x, y, z) 2u/�n�a+�� TM (x, y, z, t) 2 t uuCgV� ΓMΩ 7IY�E_6k� T0(x, y, z, t) 2(W6k��fMh46k4�%}<-�2RY�}<,IY�}<�7}�3UVu2�ÆCÆup�%i�+��-�_(#}x�v=jIY�}<)Zrw!&Y��5K422RY�}<�2+�}���2RY��E_�%}<%r+�,�6k4�% (IÆC
��%}<.n8H [6-7]), �E� 1,2,3 �! | x, y, z h�Y�}O��Æ�fM� V�^T�	afU�M�:�K?_�+�U�Mj}�(#>=T:�u�%}<?_.� cp, u1, u2, u3, k1, k2, k3 aj}�fMU�M>=_>�.���(�!}U�M>=_�_�)k1<�	V	_��,Z_���pÆ�fMjE [� V�^T ($=) ��fM	a>=�K�_�)k�Z_��a_>�.����KX=�p_6k���X 6k�4{/(S_�MErw℄�26��X V�^T��fM	hAX=_Z_����_�)ka2}0S�~I�%}<_�� cp, u1, u2, u3, k1, k2, k3  K#X=7>� 2� (#X=_QSF}Jo_�Ku�fMh46k4�%}<}r��E 2�rV�\.�ChV��W_A>WD-�}<iV;��2�$j�� 2�).��%.��w;�_r�w\,U�\�M�i{E+�vJ

H = L2(

∑

),

V =

{

T ∈ H1(
∑

)

∣

∣

∣

∣

TΓMΩ
= 0,

(

a
∂T

∂n
+ bT

)

ΓΩ∩ΓM

= 0

}

,
(1.1)%�eE_{�,7<


‖u‖k,p,Σ =

(

∑

|a|6k

‖Dau‖
p

LP (Σ)

)
1

p

, u ∈ V,

〈u, υ〉k,Σ =

∫

Σ

∑

|a|6k

DauDaυdx, u, υ ∈ V,# H , V �:r�_ Hilbert vJ�n V }� (1.1) zi{_ Hilbert vJ�p ∀ T ∈ V ��e-�ÆO

A(t, u)T = −

1

cp
∇ · (k∇T ) + u∇T, (1.2)rP�fMh46k4�%}<U:EYz_iV;�


∂T

∂t
+A(t, u)T = h(x, t), (x, t) ∈ Q (1.3)

a(x, t)
∂T

∂n
+ b(x, t)(T − T0(x, t)) = 0, (x, t) ∈ Γ × [0, L] (1.4)

T (x, t) = TM (x, t), (x, t) ∈ ΓMΩ × [0,L] (1.5)

T (x, t)|t=0 = T0(x, 0), x ∈ Σ (1.6)
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h(x, t) =















f(x, t)/cp(x), (x, t) ∈ Ω\(M ∩ Ω) × (0, L),

F (x, t)/cp(x), (x, t) ∈M\(M ∩ Ω) × (0, L),

0, (x, t) ∈ (M ∩ Ω) × (0, L).

Γ =

{

ΓΩ, (x, t) ∈ Ω × (0, L),

ΓM , (x, t) ∈M × (0, L).

a(x, t) =

{

q1(x, t), (x, t) ∈ Ω × (0, L),

q3(x, t), (x, t) ∈M × (0, L).
b(x, t) =

{

q2(x, t), (x, t) ∈ Ω × (0, L),

q4(x, t), (x, t) ∈M × (0, L).&� (x, t) = (x, y, z, t), f(x, t) } V__�+�� F (x, t) }^T__�+��Y
(x, t) ∈ (M ∩ Ω) × (0, L) u�i{ h(x, t) = 0, &}�Æ2RY�V� Ω ,=Y�V�
M _Ch+�}�fM	V�'�w_�� 8 [6] ?_�M (3a)-(3c) E�rw--�% (1.3)-(1.6) P 1rgV��8kHn�fMh46k4�%}<&S8H [6] ?_�M (3a)-(3c).w�fM	_�4�)+�W2y;��O�.��w_U�y;0W�p�fM6k4\ZUV��4�)+�y;�`?2


Uad = {u = (u1, u2, u3) ∈ PC(Q;R3) |0 6 ui (x, t) 6 K, i = 1, 2, 3; (x, t) ∈ Q} (1.7)K? K > 0 2�i6��G\� Uad } PC(Q;R3) _�WZO?��evm�e�`m�zrw:.^\�fM6k4_6k℄��)+� TL(x, t) ∈

L2(Σ × (0, L)), ~Iri{.��w0W_\95�|+E

J(T, u) = J(u) =

∫ L

0

∫

Σ

(T (x, t;u) − TL(x, t))2dΣdt, (1.8)K? (x, t) ∈ Q, u ∈ Uad. &n�w J(u) 2\95���w�fM�4�)+� u ∈ Uad_.��w0W2

(P1) :

min J(u) = J(T (x, t;u))

s.t. T (x, t;u) ∈ S, (x, t) ∈ Q

u ∈ UadK? S = {T = T (x, t;u) ∈ L2(Q,Uad;R)
∣

∣T (x, t;u)}�%(1.3)−(1.6)p�Æu ∈ Uad_gV}.�D-�}<�$r/��% (1.3)-(1.6) _V+� T (x, t;u) �at�Æy;.�
u, paz u ∈ Uad, �% (1.3)-(1.6) P 1rgV T (x, t;u) ∈ S, KE2 T (t, u). ~IrP�% (1.3)-(1.6) KU2EaI_?PA>}<A3;�


dT (t, u)

dt
+A(t, u)T (t, u) = h(t), (x, t) ∈ Q (1.9)

T (0, u) = T0, x ∈ Σ (1.10)K? h(t) = h(x, t).
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(P2) :

min J(u) = J(T (t, u)),

s.t. T (t, u) ∈ S′, (t, u) ∈ [0, L] × Uad,

u ∈ Uad&� S′ = {T = T (t, u) ∈ L2([0, L], Uad;R)
∣

∣T (t, u)}�%(1.9)− (1.10)p�Æu_V}, Ku;� (P2) _U�Vq};� (P1) _U�V�
2 b�`�}���ugf���^��shz 1  Hn H1, H2 E�.��w;� (P2) 9lP r�U�V ū ∈ Uad.�| �F Uad ⊂ PC(Q;R3) }�WZ?��(�rwn�W�M (1.4) , (1.5) }LJ_�B�LJM b(x, t)T0(x, t)

∣

∣

Γ×[0,L] = 0 , TM (x, t)
∣

∣

ΓMΩ×[0,L] = 0. 	#��"r�+� T1, � �WV� Q 7>� 2�Q&S�LJ�W�M
(

a
∂T1

∂n
+ bT1

)
∣

∣

∣

∣

Γ×[0,L] = bT0 � T1

∣

∣

ΓMΩ×[0,L] = TM .W�5 w = T − T1, BrK42LJ�W�M;��n Λ(V, V ′) } V \ V ′ _ Gâteauxr-_Z�r:�WJ\ÆO�:_ BanachvJ�p ∀A(t, u) ∈ Λ(V, V ′) � t ∈ [0, T ] �i{	J\W

a(t, u;T, ψ) = 〈A(t, u)T, ψ〉V ′,V , ∀T, ψ ∈ V, (2.1)K? V ′ } V _p�vJ�p ∀ u′, u′′ ∈ Uad, P M1 ∈ C([0, L] × R+;R+) �y^	J\W a(t, u;T, ψ) &SwE(az

|a(t, u′;T, ψ) − a(t, u′′;T, ψ)| = |〈(A(t, u′) −A(t, u′′))T, ψ〉|

6 ‖(A(t, u′) −A(t, u′′))T ‖ · ‖ψ‖V

6 ‖(u′ − u′′)∇T‖ · ‖ψ‖V

6 M1(t, ‖(u
′ − u′′)‖Uad

) ‖T ‖V · ‖ψ‖V , ∀T, ψ ∈ V,%� M1(t, 0) ≡ 0, Ku8H [14] ?_Hn�M (B1) :��~2}< (1.9) _�m+� h(t) = h(x, t), Ku ∀u′, u′′ ∈ Uad, P M2 ∈

C([0, L] ×R+ ×H), M2(t, 0, T ) ≡ 0, y^
|h(t, u′, T ) − h(t, u”, T )| ≡ 0 6 M2(t, ‖u

′ − u′′‖Uad
, |T |), T ∈ H.yB8H [14] ?_Hn�M (B2) :���8H [14] ? i� 3 r/��i�U$:��=(� ϕ′  | ϕ puJ t _Z� dϕ

dt
�i{r�E_ Hilbert vJ W (0, L) 


W (0, L) =
{

ϕ|ϕ ∈ L2(0, L;V ), ϕ′ ∈ L2(0, L;V ′)
}
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(ϕ1, ϕ2)W (0,L) =

∫ L

0

{(ϕ1(t), ϕ2(t))V + (ϕ′
1(t), ϕ

′
2(t))

′
V }dt,

‖ϕ‖W (0,L) =
(

‖ϕ‖
2
L2(0,L;V ) + ‖ϕ′‖

2
L2(0,L;V ′)

)1/2

.hz 2 f ū ∈ Uad }.��w;� (P2) _U�V�# Uad \ W (0, L) j_�m
T : u 7→ T (u)  ū F Gâteaux r-�Q T (u)  ū Fl}O u − ū ∈ Uad _ Gâteaux -�� η = T ′(ū)(u − ū)  |��}wE}<_0rV


〈η(L), ψ(L)〉H +

∫ L

0

〈η, −ψ′ +A∗(t, u)ψ〉V ′V ′dt = −

∫ L

0

〈(u − ū)∇T (ū), ψ〉dt,

η(0) = 0, ∀ψ ∈W (0, L).

(2.2)K? A∗(t, u) } A(t, u) _�[ÆO��| �i� 1 _--&</�?PA>}<A3;� (1.8)-(1.9) &S8H [14] ?_Hn�M (B1)(B2). �(�

(1) ∀ u ∈ Uad , ∀ T ∈ H , ~2 h(t) = h(t, u;T ) }�E 2_��w h(t, u;T ) �Æ

u } Gâteaux r-��Æ T q} Fréchet r-�Q h′u(t, u;T ) = h∗T (t, u;T ) ≡ 0 �G\
h′u(t, u;T ) , h∗T (t, u;T )  Uad ×H j�a�%P β1(·), β2(·) ∈ L2(0, L;R+) �y^

‖h′u(t, u;T )‖L(Uad,H) ≡ 0 6 β1(t), ∀(u, T ) ∈ Uad ×H, t ∈ [0, L],

‖h∗T (t, u;T )‖L(H) ≡ 0 6 β2(t), ∀(u, T ) ∈ Uad ×H, t ∈ [0, L].

(2) ∀ u ∈ Uad � ∀ T, ϕ ∈ V ,

a(t, u;T, ϕ) = 〈A(t, u)T, ϕ〉 =

∫

Σ

[

−
1

cp
∇ · (k∇T ) + u∇T

]

ϕdΣ,�w
a′u(t, u;T, ϕ)(δu) = lim

λ→0

a(t, u+ λδu;T, ϕ) − a(t, u;T, ϕ)

λ

= lim
λ→0

〈A(t, u + λδu)T, ϕ〉 − 〈A(t, u)T, ϕ〉

λ

= lim
λ→0

〈(A(t, u + λδu) −A(t, u))T, ϕ〉

λ

= lim
λ→0

∫

Σ λδu∇TϕdΣ

λ

=

∫

Σ

δu∇TϕdΣ

= 〈δu∇T, ϕ〉, ∀(t, u) ∈ [0, L]× Uad.� δu = u− ū _�W\r/�P γ > 0, y^
‖a′u(t, u;T, ϕ)‖L(Uad,R) 6 γ ‖T ‖ ‖ϕ‖ , ∀(t, u) ∈ [0, L]× Uad.



2 I s��!3�*/�A&`s�x℄AV�℄�N 125�wj (1)(2) �+�r/�?PA>}<A3;� (1.9)-(1.10) &S8H [14] ?_Hn�M (C1)(C2). �8H [14] ?i� 4 r/��i�U$:��\95�|+ J(u) } �1vJ Φ = L2(Q) ?i{� Σ ?�e7<

〈u, v〉 =

∫

Σ

uvdx, ∀ u, v ∈ L2(Σ)# Σ �: Hilbert vJ�%Q V ⊂ Σ. 
�i� 2 BrZC.��w;� (P2) X^U�V ū _�o�M�hz 3 f ū }.��w;� (P2) _U�V�#
−

∫ L

0

〈(u− ū)∇T (ū), p(ū)〉dt > 0, ∀ u ∈ Uad, (2.3)K? p(ū) }E*��}<_V

−

dp(t, ū)

dt
+A∗(t, ū)p(ū) = T (ū) − TL, (x, t) ∈ Q (2.4)

p(L, ū) = 0. (2.5)&� T (ū) }A3;� (1.9)-(1.10) p� ū ∈ Uad _V� TL }�vm�e:.^\_�fM6k46k℄��)+���| �ei� 2 � T (u)  ū F} Gâteaux r-_�Ku5�|+ J(u) q ū F
Gâteaux r-�%Q J(u)  ū FX^=R3_�o�M2


J ′(ū)(u − ū) > 0, ∀u ∈ Uad (2.6)p� (1.8) z[i_\95�|+ J(u),  �1vJ Φ ?CÆ�_ Gâteaux -�r^
J ′(ū)(u − ū) =

∫ L

0

∫

Σ

2(T (ū) − TL) · T ′(ū)(u − ū)dΣdt

=

∫ L

0

〈2(T (ū) − TL), η〉Σdt, ∀u ∈ Uad� (2.6) r/
∫ L

0

〈(T (ū) − TL), η〉Σdt > 0, ∀u ∈ Uad. (2.7)~2 V ⊂ Σ, (az (2.6)  V jqG\:�

∫ L

0

〈(T (ū) − TL), η〉V dt > 0, ∀u ∈ Uad (2.8)K? η = T ′(ū)(u − ū), ū }U�V��e���% (2.4)-(2.5), %P��}< (2.4) Ve (2.2) z�%Jz\ p(L, ū) = 0,Br^\�i�_U$�
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