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Abstract 

The purpose of the research is to develop a clinically oriented methodology for training, validating, and selecting a 

neural network model for pneumothorax segmentation on chest radiographs under severe class imbalance and the 

need for controlled limitation of false positive alerts in clinical decision support systems. 

Methods. We propose a two-loop segmentation quality assessment framework comprising a technical loop for monitor-

ing training convergence using the loss function values and raw metrics, and a clinical loop for evaluating binarized 

masks after a fixed post-processing pipeline. For each training epoch, a binarization threshold is swept; an operating 

point is deemed acceptable if predefined clinical constraints are satisfied. The final epoch is then selected as the one 

that maximizes Dice index on positive cases among all acceptable solutions. The segmenter is implemented using a U-

Net++ architecture and trained via a two-stage scheme with increasing spatial resolution, using a hybrid loss function. 

Results. On clinically representative data SIIM-ACR development set, configuration selected by the protocol 

achieved Dice index on positive cases = 0,753 (95% CI 0,734–0,771) with false positive rate = 0,177 (95% CI 0,158–
0,197) and image-level sensitivity = 0,948, and substantially outperformed the baseline configuration. 

Conclusion. The proposed two-loop validation methodology and constraint-based epoch selection within the admis-

sible region provide reproducible control of the trade-off between segmentation quality on pathological images and 

the false alarm rate on non-pathological images, reducing the risk of selecting a suboptimal model when relying sole-

ly on minimum loss. The results support the use of the developed protocol in designing segmentation modules for 

decision support systems in radiological imaging tasks. 
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42CEMB0?=>3> >1CG5=8O: 

– AB048O 1 (?@>3@52, AB048O ?@5420-
@8B5;L=>3> >1CG5=8O): >1CG5=85 =0 @07-
@5H5=88 512 =0 512 ?8:A5;59. �A?>;L-
7C5BAO AB0=40@B=0O DC=:F8O ?>B5@L 
Focal + 8=45:A �09A0. *5;L – 1KAB@0O 
AE>48<>ABL 25A>2 M=:>45@0 8 45:>45@0 8 
D>@<8@>20=85 3@C1KE :0@B ?@87=0:>2; 

– AB048O 2 (4>>1CG5=85, B>G=0O ?>4-
3>=:0 25A>2 =0 2KA>:>< @07@5H5=88): 
4>>1CG5=85 ;CGH8E 25A>2 ?5@2>9 AB0-
488 =0 @07@5H5=88 1024 =0 1024 ?8:A5-
;59. �0==K9 MB0? :@8B8G5A:8 2065=, 
B0: :0: =5:>B>@K5 87 ?@87=0:>2 ?=52-
<>B>@0:A0 <>3CB O2;OBLAO B5:ABC@=K<8 
?0B>;>38O<8 2KA>:>3> @07@5H5=8O, 45-
B0;8 :>B>@KE <>3CB 1KBL ?>B5@O=K ?@8 
C<5=LH5=88 @07@5H5=8O 4> 512 =0 512 
?8:A5;59 [24]. 

%B018;870F8O: ?@>872>48BAO 70<>-
@>7:0 AB0B8AB8: Batch Normalization 2 
M=:>45@5 4;O AB018;L=>AB8 >1CG5=8O =0 
<0;>< @07<5@5 10BG0 A =0:>?;5=85< 
3@0485=B0 4> MDD5:B82=>3>. �KG8A;8-
B5;L=K5 @5AC@AK 1K;8 >3@0=8G5=K, ?>-
MB><C =0 @07@5H5=88 1024 =0 1024 ?8:-

A5;59 8A?>;L7>20;AO 10BG @02=K< 4, 0 
MDD5:B82=K9 10BG A 0::C<C;OF859 3@0-
485=B0 1K; @025= 64. 

� 40;L=59H8E M:A?5@8<5=B0E 107>-
20O <>45;L, >1CG5==0O =0 @07@5H5=88 
512 =0 512, >1>7=0G05BAO :0: :>=D83C-
@0F8O C12, 0 8B>3>20O <>45;L ?>A;5 
2B>@>3> MB0?0 4>>1CG5=8O =0 1024 =0 
1024 – :0: C108. 

(GA>J<S CBF9DP CD< B5GK9A<< 

(C=:F8O ?>B5@L: 4;O H030 2 1K;0 
A:>=AB@C8@>20=0 381@84=0O DC=:F8O 
?>B5@L A :><?>=5=B>9 Tversky loss, 18-
=0@=>9 :@>AA-M=B@>?88 (BCE) 8 focal 

loss, 4;O 1>@L1K A 48A10;0=A>< <564C 
D>=>< 8 >1J5:B>< 8=B5@5A0 A25@B>G=>9 
=59@>==>9 A5B8, 0 B0:65 4;O <8=8<870-
F88 ?@>?CA:>2 ?0B>;>388 [8].  

� @01>B5 8A?>;L7CNBAO ?0@0<5B@K 
DC=:F88 ?>B5@L Tversky: α = 0,3, ³ = 0,7. 
�8?5@?0@0<5B@K <5B@8:8 @0AGёB0 Tversky 

?>72>;ONB 0A8<<5B@8G=> HB@0D>20BL 
;>6=>?>;>68B5;L=K5 8 ;>6=>>B@8F0-
B5;L=K5 >H81:8. �K1>@ ³ > α >15A?5G8-
205B 1>;55 2KA>:89 HB@0D 70 ?@>?CA: 
?8:A5;59 A ?0B>;>3859, ?> A@02=5=8N A 
;>6=>?>;>68B5;L=K< A@010BK20=85< 
[25]. -B> ?5@52>48B <>45;L 2 @07@O4 <>-
45;59 A ?>2KH5==>9 GC2AB28B5;L=>-
ABLN, 40==K9 @568< ?@54?>GB8B5;L=K9 
2 7040G0E %##$ [26]. 

"4=0:> 03@5AA82=0O >?B8<870F8O 
GC2AB28B5;L=>AB8 (A<5I5=85 HB@0D>2 
G5@57 ?0@0<5B@K α 8 ³) =587156=> ?@8-
2>48B : 35=5@0F88 871KB>G=>3> G8A;0 
;>6=>?>;>68B5;L=KE A@010BK20=89 
(HC<0) =0 A=8<:0E 157 ?0B>;>389. +B>-
1K MB>B ?@>F5AA =5 2KH5; 87-?>4 :>=-
B@>;O 8 =5 ?@825; : 453@040F88 A?5F8-
D8G=>AB8, 2 =0AB>OI59 @01>B5 22>48BAO 
65AB:89 D8;LB@ – :;8=8G5A:89 :>=BC@ 
>F5=:8 A D>@<0;87>20==K< >3@0=8G5-
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=85< =0 C@>25=L ;>6=KE B@52>3, :>B>-
@K9 2KABC?05B 2 @>;8 A8AB5<=>3> 
?@54>E@0=8B5;O. 

 9FB8<>4 86GI>BAFGDAB= 64?<84J<< 
(RAW/CLIN) 

�;O >1J5:B82=>9 >F5=:8 :0G5AB20 
<>45;8 22>48BAO @0745;5=85 <5B@8: =0 
420 :>=BC@0:  

– RAW-:>=BC@ (B5E=8G5A:89): >F5=-
:0 25@>OB=>AB=KE :0@B A5B8 157 ?>AB>-
1@01>B:8. �A?>;L7C5BAO 4;O <>=8B>-
@8=30 AE>48<>AB8 8 AK@KE <5B@8: :0-
G5AB20 >1CG5=8O A25@B>G=>9 =59@>==>9 
A5B8; 

– :;8=8G5A:89 :>=BC@ (?@8:;04-
=>9): >F5=:0 18=0@87>20==KE <0A>: ?>-
A;5 ?@8<5=5=8O ?>@>3>2>3> >BA5G5=8O 8 
D8;LB@0F88 ?> <8=8<0;L=>9 ?;>I048. 

"?@545;5=85 <5B@8:: ?CABL 4;O 
87>1@065=8O i 7040=0 8AB8==0O 18=0@-
=0O <0A:0 ?0B>;>388 H W

iM {0,1} ô , 

?@54A:070=85 =59@>A5B8 =0 MB>< 87>1-
@065=88 ?@54AB02;5=> 25@>OB=>AB=>9 
:0@B>9 H W

iP [0,1] ô . �8=0@870F8O 2K-
?>;=O5BAO ?> ?>@>3C t: 

i iB (t) 1(P t)= ó ,  

345 1( )  – 8=48:0B>@=0O DC=:F8O, ?@8-
<5=O5<0O ?>M;5<5=B=>. �;O ?>;CG5=8O 
<0A:8, A>>B25BAB2CNI59 ?@8:;04=><C 
8A?>;L7>20=8N 2 A>AB025 %##$, 22>48B-
AO :;8=8G5A:89 :>=BC@ (CLIN) :0: D8:-
A8@>20==K9 >?5@0B>@ ?>AB>1@01>B:8: 

( )i iM̂ (t) CLIN B (t)= .  

"?5@0B>@ CLIN(∙) O2;O5BAO =587<5-
=O5<K< 2> 2A5E M:A?5@8<5=B0E =0AB>O-
I53> 8AA;54>20=8O. 

�0: 1K;> ?>:070=> @0=55, 03@538@>-
20==K5 <5B@8:8 =0 48A10;0=A=KE 2K-
1>@:0E 8A:060NB @50;L=CN :0@B8=C :0-
G5AB20. �;O CAB@0=5=8O MB8E MDD5:B>2 

>F5=:0 ?@>2>48BAO @0745;L=> =0 ?>4-
<=>65AB20E ?>78B82=KE 8 =530B82=KE 
87>1@065=89. #>78B82=K< AG8B05BAO 
87>1@065=85 A =5?CAB>9 8AB8==>9 <0A-
:>9: iM 0þ , =530B82=K< – 87>1@065-

=85 A ?CAB>9 8AB8==>9 <0A:>9 iM 0= , 

2:;NG0O A;CG08 >BACBAB28O @07<5B:8 
RLE (run-length encoding), B@0:BC5<K5 
:0: =C;520O <0A:0.  

�;NG52K5 <5B@8:8 :;8=8G5A:>3> 
:>=BC@0: ?>:070B5;8 A5<59AB20 Dice/F1 
H8@>:> ?@8<5=ONBAO 2 A>2@5<5==KE 
@01>B0E ?> <548F8=A:>9 A53<5=B0F88 
:0: 107>2K5 <5B@8:8 :0G5AB20, GB> B@5-
1C5B 0::C@0B=>9 D8:A0F88 ?@028; 8E 
@0AG5B0 8 03@530F88 [27]. 

Dice_pos – >A=>2=0O <5B@8:0 :0G5-
AB20 A53<5=B0F88 2 :;8=8G5A:>< :>=BC-
@5 – A@54=55 7=0G5=85 :>MDD8F85=B0 
�09A0, @0AAG8BK205<>5 B>;L:> =0 ?>78-
B82=KE A;CG0OE, 4;O 70I8BK >B 702K-
H5=8O <5B@8: G5@57 8AB8==> >B@8F0-
B5;L=K5 A@010BK20=8O. 

�=45:A �09A0 =0 >4=>< 87>1@065-
=88 >?@545;O5BAO :0: 

i i

i i

ˆ2 M M (t)
Dice(i, t) ˆM M (t)

 
=

+
. 

Dice_pos, CA@54=O5<K9 B>;L:> ?> 
?>78B82=K< 87>1@065=8O<: 

pos

pos

i Ipos

1
Dice (t) Dice(i, t)

| I | 

= õ ,  

345 pos iI {i : M 0}= þ . 

FP_Rate – G0AB>B0 ;>6=>?>;>68-
B5;L=KE A;CG052 – @8A: ;>6=KE B@52>3 
=0 =530B82=KE 87>1@065=8OE, 4;O :>B>-
@KE <>45;L ?@54A:070;0 =0;8G85 <0A:8 
?0B>;>388. %=8<:8 157 ?0B>;>388 =5 
8A:;NG0NBAO 87 >F5=:8, 0 8A?>;L7CNB-
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AO AB@>3> 4;O :>=B@>;O @8A:0 ;>6=KE 
B@52>3 =0 =530B82=>< ?>4<=>65AB25: 

( )
neg

Rate i

i Ineg

1 ˆFP (t) 1 M (t) 0
| I | 

=  þõ ,  

345 neg iI {i : M 0}= = . 

Pos_any – 4>;O ?>;>68B5;L=KE 
A=8<:>2, =0 :>B>@KE ?@54A:070==0O 
<0A:0 2 :;8=8G5A:>< :>=BC@5 =5?CAB0. 
 5B@8:0 8A?>;L7C5BAO :0: 8=48:0B>@ 
?>:@KB8O / >1=0@C65=8O 8 B@0:BC5BAO 
:0: GC2AB28B5;L=>ABL <>45;8 =0 C@>2=5 
87>1@065=8O: 

( )
pos

any i

i Ipos

1 ˆpos (t) 1 M (t) 0
I

 
| | 

=  þõ . 

Pos_any <>6=> B@0:B>20BL :0: GC2-
AB28B5;L=>ABL (sensitivity) <>45;8. 

&0:8< >1@07><, Dice_pos E0@0:B5-
@87C5B :0G5AB2> ;>:0;870F88 / A53<5=-
B0F88 =0 ?0B>;>38G5A:8E A=8<:0E, 
FP_Rate – G0AB>BC ;>6=KE B@52>3 =0 
A=8<:0E 157 ?0B>;>388, 0 Pos_any – 
CAB>9G82>ABL >1=0@C65=8O ?0B>;>388 
=0 C@>2=5 87>1@065=8O. -B8 <5B@8:8 
A>2<5AB=> 7040NB 8=B5@?@5B8@C5<K9 
:>=B@>;L :><?@><8AA0 GC2AB28B5;L-
=>ABL – ;>6=K5 B@52>38 ?@8 48A10;0=A5 
:;0AA>2. 

#>A:>;L:C 2 7040G0E A53<5=B0F88 
=0 48A10;0=A=KE 40==KE <8=8<C< 
DC=:F88 ?>B5@L =0 20;840F88 <>65B =5 
A>2?040BL A :;8=8G5A:8 ?@54?>GB8B5;L-
=K< :0G5AB2>< (MDD5:B @0AE>645=8O 
DC=:F88 ?>B5@L 8 ?@8:;04=KE <5B@8:), 
2 =0AB>OI59 @01>B5 ?@8<5=O5BAO D>@-
<0;87>20==K9 ?@>B>:>; 2K1>@0 @01>-
G59 B>G:8 8 M?>E8 >1CG5=8O, >A=>20=-
=K9 8A:;NG8B5;L=> =0 :;8=8G5A:>< 
:>=BC@5. 

#@54@538AB@0F8O A5B:8 ?>@>3>2. 
�;O 8A:;NG5=8O ?>41>@0 ?>@>30 18=0-
@870F88 ?>A;5 =0G0;0 M:A?5@8<5=B0 8A-

?>;L7C5BAO 70@0=55 D8:A8@>20==0O A5B-
:0 ?>@>3>2 :;8=8G5A:>3> :>=BC@0: 

thrBASE  = {0,001; 0,002; 0,005;  

0,01; 0,02; 0,03; 0,05; 0,10;  

0,15; 0,20; 0,30; 0,50}. 

� E>45 M:A?5@8<5=B>2 4>?CA:05BAO 
>F5=820=85 <>45;8 B>;L:> 2 B>G:0E 

thrt base . 

�;8=8G5A:85 >3@0=8G5=8O: 4;O 
:064>9 M?>E8 >1CG5=8O e =0 =01>@5 
@07@01>B:8 @0AA<0B@820NBAO 7=0G5=8O 
<5B@8: :;8=8G5A:>3> :>=BC@0 ?@8 ?5@5-
1>@5 ?>@>30 

thrt base . $01>G0O B>G:0 
AG8B05BAO 4>?CAB8<>9 5A;8 >4=>2@5-
<5==> 2K?>;=ONBAO >3@0=8G5=8O: 

Rate targetFP (e, t) fp , 8 any pos _ anypos (e, t) minó , 

345 FP_target = 0,30 8 Min_pos_any = 

= 0,20. 

� :0G5AB25 :;8=8G5A:8E <5B@8: B0:65 
8A?>;L7>20;8AL 7=0G5=8O pp_min_area =  

= 300 ?8:A5;59. �;8=8G5A:89 :>=BC@ 
B0:65 ?5@5AG8BK20;AO ?>A;5 87<5=5=8O 
@07@5H5=8O 87>1@065=89 2 A;CG0OE, 345 
?@8<5=O;>AL 87<5=5=85 @07@5H5=8O. 

�K?>;=O5BAO 70?@5B ?>43>=:8 =0 
>B;>65==>9 2K1>@:5. "B;>65==0O 2K-
1>@:0 8A?>;L7C5BAO ?>A;5 2K1>@0 @0-
1>G8E B>G5: 8 70<>@>7:8 2A5E ?0@0<5B-
@>2, >A=>2K20OAL =0 40==KE, ?>;CG5=-
=KE 2> 2@5<O @01>BK A 20;840F8>==>9 
2K1>@:>9. 

#DBJ98GD4 6O5BD4 QCBI< 

'G8BK20O MDD5:B @0AE>645=8O 
AB@>3>9 <0B5<0B8G5A:>9 DC=:F88 ?>-
B5@L 8 @50;L=KE <5B@8: :0G5AB20 <>45-
;8, 2<5AB> B@048F8>==>3> 2K1>@0 <>-
45;8 ?> <8=8<C<C ?>B5@L ?@8 >1CG5=88 
?@54;>65= A;54CNI89 0;3>@8B< >3@0-
=8G5==>3> 2K1>@0: 7040NBAO :;8=8G5-
A:85 >3@0=8G5=8O 8 =0 :064>9 M?>E5 20-
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;840F88 ?@>872>48BAO ?>8A: ?>@>30 
18=0@870F88, C4>2;5B2>@ONI53> >3@0-
=8G5=8O<. 

#CABL E – <=>65AB2> M?>E >1CG5-
=8O, 0 e – :>=:@5B=0O M?>E0. �;O :064>9 
M?>E8 e ∈ E =0 20;840F8>==>9 2K1>@:5 
>?@545;ONBAO <5B@8:8. �KG8A;O5BAO 
>1;0ABL 4>?CAB8<KE @5H5=89, >?@545-
;O5<0O :;8=8G5A:>9 ?>;8B8:>9: D8-
=0;L=0O <>45;L 2K18@05BAO ?CB5< <0:-
A8<870F88 :0G5AB20 A53<5=B0F88 2=CB-
@8 4>?CAB8<>9 >1;0AB8. -?>E0 AG8B05B-

AO 4>?CAB8<>9, 5A;8 B0:>5 @5H5=85 AC-
I5AB2C5B. 

� A>>B25BAB288 A ?@54@538AB@0F859 
?@>B>:>;0 >F5=820=8O 2K1>@ 8B>3>2>9 
<>45;8 2K?>;=O5BAO 8A:;NG8B5;L=> ?> 
:;8=8G5A:><C :>=BC@C 8 >?@545;O5BAO 
?@028;>< ?5@28G=>9 :>=5G=>9 B>G:8. �;O 
:064>9 M?>E8 e 8 :064>3> ?>@>30 18=0@8-
70F88 @0AAG8BK20NBAO <5B@8:8 :;8=8G5-
A:>3> :>=BC@0, ?>A;5 G53> D>@<8@C5BAO 
<=>65AB2> 4>?CAB8<KE @5H5=89: 

thr Rate target any pos_any(e) {t base : FP (e, t) fp pos (e, t) min },=    ó  

345 FP_target = 0,30, Min_pos_any = 0,20, 

FP_Rate >?@545;O5BAO AB@>3> =0 ?>4-
<=>65AB25 >B@8F0B5;L=KE A=8<:>2, 0 
Pos_any – :0: 4>;O ?>;>68B5;L=KE 
A=8<:>2 A =5?CAB>9 ?@54A:070==>9 <0A-
:>9 ?>A;5 :;8=8G5A:>3> :>=BC@0. 

�;8=8G5A:85 >3@0=8G5=8O, 8A?>;L-
7C5<K5 2 :;8=8G5A:>< :>=BC@5, 7040NB-
AO =5 :0: >:>=G0B5;L=0O M:A?;C0B0F8-
>==0O A?5F8D8:0F8O 4;O A:@8=8=3>2>9 
A8AB5<K, 0 :0: 2=CB@5==89 :@8B5@89 
2K?>;=8<>AB8 4;O MB0?0 @07@01>B:8 8 
<5B>48G5A:>9 20;840F88 A53<5=B0F8-
>==>3> <>4C;O. � G0AB=>AB8, ?>@>3 
FP_target = 0,30 ?@8<5=O5BAO :0: 25@E-
=OO 3@0=8F0 4>?CAB8<>3> C@>2=O ;>6-
=KE B@52>3 =0 >B@8F0B5;L=KE A=8<:0E 2 
:>=BC@5 ?>41>@0 4;O ?@54>B2@0I5=8O 
453@040F88 A?5F8D8G=>AB8 ?@8 F5;5=0-
?@02;5==>9 >?B8<870F88 GC2AB28B5;L-
=>AB8 A53<5=B0B>@0. &0:0O ?>AB0=>2:0 
>B@0605B F5;52CN @>;L A53<5=B0B>@0 2 
40==>9 AB0BL5: ?>;CG8BL 2KA>:>GC2-
AB28B5;L=K9 <>4C;L ;>:0;870F88, 
CAB>9G82> A>E@0=ONI89 >1=0@C65=85 
?0B>;>388 ?@8 :>=B@>;8@C5<>< @>AB5 
;>6=>?>;>68B5;L=KE A@010BK20=89, => 
157 ?@5B5=788 =0 4>AB865=85 :>=5G=>3> 
C@>2=O ;>6=>?>;>68B5;L=KE A@010BK-

20=89, B@51C5<>3> 2 @50;L=>< :;8=8G5-
A:>< @01>G5< ?@>F5AA5. �K1>@ >B=>A8-
B5;L=> <O3:>3> >3@0=8G5=8O =0 MB0?5 
@07@01>B:8 <>B828@>20= 0@E8B5:BC@=>9 
45:><?>78F859 7040G8 =0 =5A:>;L:> 8A-
A;54>20=89. � 40==>< 8AA;54>20=88 
D>:CA8@C5BAO <5B>48:0 >1CG5=8O 8 
:;8=8G5A:8 >@85=B8@>20==>3> 2K1>@0 
M?>E8 / @01>G59 B>G:8 4;O A53<5=B0B>@0 
?@8 A8;L=>< 48A10;0=A5 :;0AA>2 8 MD-
D5:B5 @0AE>645=8O <5B@8:. #@8 MB>< 
6ёAB:>5 A=865=85 C@>2=O ;>6=>?>;>-
68B5;L=KE A@010BK20=89 4> C@>2=O, 
A>?>AB028<>3> A M:A?;C0B0F8>==K<8 
B@51>20=8O<8 : A:@8=8=3C, @0AA<0B@8-
205BAO :0: 7040G0 A8AB5<=>9 0@E8B5:BC-
@K 8 @5H05BAO 2 ?>A;54CNI8E 8AA;54>-
20=8OE. &0:8< >1@07><, >3@0=8G5=8O 
FP_target = 0,30, Min_pos_any = 0,20 
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Table 2. Clinical metrics on the development set for the compared configurations 
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Model / Configuration 
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FP_Rate, A@54=55 
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Fig. 1. Analysis of clinical contour metrics for the C108 configuration (epoch 15): 0 – metrics dynamics  

           depending on the binarization threshold; 1 – "sensitivity – false positive rate" trade-off curve 



136                   $0A?>7=020=85 8 >1@01>B:0 87>1@065=89 / Image Recognition and Processing 

�725AB8O .3>-�0?04=>3> 3>AC40@AB25==>3> C=825@A8B5B0. %5@8O: '?@02;5=85,  
2KG8A;8B5;L=0O B5E=8:0, 8=D>@<0B8:0.  548F8=A:>5 ?@81>@>AB@>5=85. 2026;16(2):122–149 

�52K9 3@0D8: 8;;NAB@8@C5B @07-
=>=0?@02;5==CN 48=0<8:C: ?> <5@5 
C25;8G5=8O ?>@>30 4>;O ;>6=KE A@010-
BK20=89 (>@0=6520O ?C=:B8@=0O ;8=8O) 
AB@5<8B5;L=> ?0405B, 8=45:A �09A0 (75-
;5=0O ;8=8O) @0AB5B 8 AB018;878@C5BAO, 
2 B> 2@5<O :0: GC2AB28B5;L=>ABL (A8=OO 
;8=8O) 45<>=AB@8@C5B ?>;>3CN 453@0-
40F8N. 

#@02K9 3@0D8: ?0@0<5B@8G5A:>9 
:@82>9 :><?@><8AA0 =03;O4=> >1JOA=O-
5B @57C;LB0B @01>BK 0;3>@8B<0: @01>G0O 
B>G:0 4;O ?>@>30 t = 0,50 @0A?>;0305BAO 
=0 2K@065==>< 873815 :@82>9. � MB>9 
B>G:5 4>AB8305BAO >?B8<0;L=K9 10;0=A: 
<>45;L 2K45@68205B :;8=8G5A:>5 >3@0-
=8G5=85, A>E@0=OO ?@8 MB>< 2KA>:CN 
GC2AB28B5;L=>ABL >1=0@C65=8O. �K1>@ 
1>;55 =87:8E ?>@>3>2 405B <8=8<0;L-
=K9 ?@8@>AB : GC2AB28B5;L=>AB8, => 
?@82>48B : @57:><C, =5?@>?>@F8>=0;L-
=><C @>ABC G8A;0 ;>6=KE B@52>3. 

� A>2>:C?=>AB8 @57C;LB0BK =0 
=01>@5 @07@01>B:8 ?>:07K20NB, GB> 
?@54;>65==0O <5B>48:0 >1CG5=8O 8 
:;8=8G5A:8 >@85=B8@>20==>3> 2K1>@0 

@01>G59 B>G:8 >15A?5G8205B 1>;55 
1;03>?@8OB=K9 10;0=A Dice_pos 8 
FP_Rate ?> A@02=5=8N A 107>2K< ?@>-
B>:>;><. �=B5@?@5B0F8O =01;N405<>-
3> C;CGH5=8O :0: MDD5:B0 C25;8G5=8O 
@07@5H5=8O 8 87<5=5=8O DC=:F88 ?>-
B5@L A>>B25BAB2C5B 8AE>4=>9 8=65-
=5@=>9 38?>B575, >4=0:> ?@8G8==K9 
2:;04 >B45;L=KE :><?>=5=B>2 (@07@5-
H5=85, A>AB02 DC=:F88 ?>B5@L, ?@028-
;0 :;8=8G5A:>3> :>=BC@0) B@51C5B >B-
45;L=>3> 01;OF8>==>3> 8AA;54>20=8O 
8 @0AA<0B@8205BAO :0: ?@54<5B ?>A;5-
4CNI53> 0=0;870. 

#DB69D>4 A4 BF?B:9AAB= 6O5BD>9  
< K-Fold 

�;O >F5=:8 AB018;L=>AB8 ?@54;>-
65==>9 0@E8B5:BC@K 8 CAB>9G82>AB8 
0;3>@8B<0 2K1>@0 @01>G59 B>G:8 1K;0 
?@>2545=0 ?@>F54C@0 ?5@5:@5AB=>9 
?@>25@:8 (Stratified Group K-Fold ?@8 
K = 5) =0 =01>@5 4;O @07@01>B:8. �5B0-
;878@>20==K5 <5B@8:8 :;8=8G5A:>3> 
:>=BC@0 ?> :064><C 87 @07185=89 ?@54-
AB02;5=K =865 (B01;. 3). 

&45?<J4 3. $57C;LB0BK 5-:@0B=>9 ?5@5:@5AB=>9 ?@>25@:8 (Stratified Group K-Fold) 4;O ?@54;>65==>9  
                    <>45;8 C108 

Table 3. Results of 5-fold cross-validation (Stratified Group K-Fold) for the proposed C108 model 

#>42K1>@:0 / 
Subset 

"1J5< 
@07185=8O / 

Split size 

Dice_pos, A@54=55 
[95% ��] / 

Dice_pos, mean 

(95% CI) 

FP_Rate A@54=55 
[95% ��] / FP_Rate, 

mean (95% CI) 

Pos_any A@54=55 
[95% ��] / Pos_any, 

mean (95% CI) 

(>;4 0 405 / 1410 0,753 [0,734–0,771] 0,177 [0,158–0,197] 0,931 [0,905–0,956] 
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Fig. 2. Dynamics of the loss function and clinical metrics for the C108 configuration  
           on the development set during fine-tuning 
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Fig. 3. Example of a positive case with a small pneumothorax volume: ground truth and clinical-loop  
           predictions of C12 (0) and C108 (1) 
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Fig. 4. Example of a positive case with extensive pneumothorax: comparison of mask topology; prediction  
            fragmentation is reduced and the connected component is represented more clearly: 0 – C12; 1 – C108 
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Fig. 5. Example of a negative case: false positives in C12 and suppression of the spurious  
           mask in C108: 0 – C12; 1 – C108 
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