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]">%I)'/;4"B)6+;,. )"$%')"*+),. /)%1246,828, @. ^24)'<%*+, A;4"B)"

)#)+7:# $%:?’C+7'/%n% f=-n/%)+3!-//1: :7+%f# +- g-)%A# 

H%+60AE"5% +:+-"2: 3%2$’@-".5%4% A0<45%+-)9<55D: <.'0-"3-).:, 2"-%A: -< <64%.:-2: A6D A0<45%+-)9<55D %5-

3%6%4075:' 8<'9%.@9<5?, 8%3."2< .<3) 2%6%75%J 8<6%8:, 6"4"5?, $)'6:5 2%83) -< 05G:'.

^A0>+5"5% <5<608 -< $%.095D55D -.<A:I0>5:' 0 5">.%2"."E"9:' 2"-%A09 A6D 8<9A<5? +"42"5-<I0J -< 36<+:F03<I0J

8%;.<E"5?, $.%<5<608%9<5% 8<+%;: A0<45%+-)9<55D 9 2"A:I:50.

H%+60AE"5% %+5%950 $0A'%A: A% %$.<I@9<55D 2"A:75:' 8%;.<E"5?, 8%3."2< $.%<5<608%9<5% 2"-%A: +"42"5-<-

I0J 5< %+5%90 U-Net 2"."E -< 36<+:F03<I0J 08 9:3%.:+-<55D2 84%.-3%9:' 5">.%55:' 2"."E.

 +-<5%96"5%, V% 5">.%2"."E"90 2"-%A: $"."9".G)@-? -.<A:I0>50 $0A'%A: 8< -%750+-@ +"42"5-<I0J -< 36<+:F0-

3<I0J 8%;.<E"5?.  :A06"5% %+5%950 $"."9<4: 9:3%.:+-<55D 5">.%2"."E"9:' <.'0-"3-). ) +:+-"2<' 3%2$’@-".5%4%

A0<45%+-)9<55D, 8%3."2< 2%E6:90+-? <9-%2<-:8<I0J $.%I"+) A0<45%+-:3: -< $0A9:V"55D -%75%+-0 ."8)6?-<-09.

 :3%5<5% 3%2$’@-".50 "3+$".:2"5-: 8 $%$"."A5?%4% %;.%;6"55D -< +"42"5-<I0J 8%;.<E"5?. P< %+5%90 "3+$"-

.:2"5-09 9+-<5%96"5% "F"3-:950+-? U-Net 2"."E A6D 8<A<7 +"42"5-<I0J 8%;.<E"5?.

M%8.%;6"5% 2"-%A <9-%2<-:75%4% A0<45%+-)9<55D 5< %+5%90 U-Net -< 84%.-3%9:' 5">.%55:' 2"."E, V% $%-"5-

I0>5% 82"5G)C -.:9<60+-? A0<45%+-)9<55D 8< .<')5%3 $<.<6"6?5%4% %$.<I@9<55D 8%;.<E"5?. R"-%A $"."A;<7<C +"-

42"5-<I0@ 02)5%40+-%'02075:' 8%;.<E"5?, %;7:+6"55D 306?30+5:' '<.<3-".:+-:3, 36<+:F03<I0@ 40+-%6%4075:' 8%-

;.<E"5? 0 F%.2)9<55D $%$"."A5?%4% A0<45%8).

P<)3%9< 5%9:85< $%6D4<C ) .%8.%;6"550 $<.<6"6?5%4% 2"-%A) <9-%2<-:75%4% A0<45%+-)9<55D, V% $%-"5I0>5%

8;06?G)C G9:A30+-? %$.<I@9<55D 8%;.<E"5? A6D $%+-<5%93: $%$"."A5?%4% A0<45%8).

 !"#$&' )!$&+: 5">.%550 2"."E0, +"42"5-<I0D, 36<+:F03<I0D, +:+-"2: 3%2$’@-".5%4% A0<45%+-)9<55D, %;.%;3<

8%;.<E"5?.

!EGHJ / Introduction 

a:+-"2: G-)75%4% 05-"6"3-) (aOT) 2%E)-? A0<45%+-

-)9<-: 8<'9%.@9<55D 5< %+5%90 2"A:75:' A<5:' -< 0+-%-

.0> '9%.%;:, 5<90-? ) '9%.:' 8 $.:'%9<5:2: +$"I:F07-

5:2: +:2$-%2<2:. aOT 90A04.<C 9<E6:9) .%6? ) .<5-

5?%2) 9:D96"550 A0<;"-) [1] -< .<3) 2%6%75%J 8<6%8: [2],

< -<3%E ) ;<4<-?%' 05G:' 9:$<A3<'.

f3-)<6?5:2 8<9A<55D2 C $%-"5I0>5:> $.:.0+- )

G9:A3%+-0 %$.<I@9<55D A<5:', -%2) V% ;06?G0+-? +:+-

-"2 3%2$’@-".5%4% A0<45%+-)9<55D 9:3%5)@-? %$".<I0J

$%+60A%95%.

EG’H;8 I'6*%IJ2))K – $.%I"+ A0<45%+-)9<55D ) +:+-

-"2<' <9-%2<-:75%4% A0<45%+-)9<55D (afH).

L42I@28 I'6*%IJ2))K – 2"-%A: -< <64%.:-2: <9-%-

2<-:75%4% A0<45%+-)9<55D.

N28" 4'G'8, – .%8.%;6"55D 2"-%A) <9-%2<-:75%4%

A0<45%+-)9<55D.

H6D A%+D45"55D 8<85<7"5%J 2"-: 9:85<7"5% -<30 %+-

5%950 P"1I"))K I'6*%IJ2))K:

 $.%<5<608)9<-: 5<)3%90 $.<I0 8 3%2$’@-".5%4%

A0<45%+-)9<55D ) 2"A:I:50;
 $.%<5<608)9<-: 2"-%A: <9-%2<-:75%4% A0<45%+-

-)9<55D -< 8<+%;: G-)75%4% 05-"6"3-) (OT) A6D

A0<45%+-)9<55D;
 .%8.%;:-: 2"-%A <9-%2<-:75%4% A0<45%+-)-

9<55D.

<:+!'> $)/+::'? 8$)!'891:A /+ BDF!'G+H'I. Y $.<I0

[3] .%8.%;5:3: 8<$.%$%5)9<6: +:+-"2) 3%2$’@-".5%4%

A0<45%+-)9<55D A6D )6?-.<89)3%9%J A0<45%+-:3: .<3) 2%-

6%75%J 8<6%8:, D3< h.)5-)C-?+D 5< 9:3%.:+-<550 46:;%3:'

5">.%55:' 2"."E [3]. M%;%-< afH $"."A;<7<C 7%-:.:

"-<$:: $%$"."A5C %;.%;6"55D, +"42"5-<I0D, $%D+5"55D -<

9:A06"55D %85<3.  +0 9%5: 9:3%5)@-?+D $%+60A%95%.

f9-%.: A%+60A:6: <.'0-"3-).) 5< %+5%90 <9-%3%A".<

A6D 82"5G"55D G)2) 8 2"-%@ $%3.<V"55D 9:A:2%+-0

9<E6:9:' "6"2"5-09. _D 2%A"6? $.:>2<C 8<G)26"5" 8%-

;.<E"55D 5< 9'0A 0 +-9%.@C $%60$G"5" 8%;.<E"55D 5<

9:'%A0. ^<4<6%2, <9-%3%A". +36<A<C-?+D 08 A9%' %+5%9-

5:' 3%2$%5"5-09: 3%A".< -< A"3%A".<.

H6D -%75%J +"42"5-<I0J A06D5%3 $)'6:5: 9:3%.:+-%-

9)@-? %$-:208%9<5:> $0A'0A 5< %+5%90 DeeplabV3+, D3:>

C %A5:2 08 5<>90A%20G:' <64%.:-209 +"2<5-:75%J +"42"5-

-<I0J A6D 2"A:75:' 8%;.<E"5?. _@ 2%A"6? ."<608%9<5% 5<

%+5%90 +-.)3-).: 3%A)9<55D – A"3%A)9<55D, D3< 9A%+3%-

5<6"5< A%A<9<55D2 +-:+6%4% -< "F"3-:95%4% A"3%A".<.

Z0+6D +"42"5-<I0J -<3%E 9:3%.:+-%9)@-? Grad-CAM

(Gradient-weighted Class Activation Mapping), D3:> 5<A<C

908)<6?50 $%D+5"55D, 9:A06D@7: 9<E6:90 %;6<+-0 5< 9'0A-

5%2) 8%;.<E"550, D30 .%;6D-? 5<>;06?G:> 95"+%3 ) .0-

G"55D <;% $.%45%8 2%A"60 [4]. H6D %-.:2<55D I:' 9:A0-

6"5:' %;6<+-"> Grad-CAM 2"-%A 9:3%.:+-%9)C 4.<A0C5-:

<;% 9<4:, 9:A%;)-0 8 %+-<55?%4% G<.) 84%.-3:, A6D 4"5"-

.)9<55D -"$6%9:' 3<.-, D30 9:A06D@-? 85<7)V0 %;6<+-0 5<
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8%;.<E"550, 5<A<@7: I055) 05F%.2<I0@ $.% $.:>5D--D

.0G"5? 2%A"66@ 84%.-3%9%J 5">.%55%J 2"."E0 [5].

Grad-CAM 2"-%A 2%E" 8<+-%+%9)9<-:+D A% -<3:'

5">.%55:' 2"."E, D3 2"."E0 80 +-.)3-).%9<5:2: 9:'%-

A<2:, 2"."E0 8 $%950+-@ 8’CA5<5:2: G<.<2: -< 2"."E0

08 2)6?-:2%A<6?5:2: 9'%A<2: [6].

^<9".G<6?5:2 "-<$%2 .%;%-: afH C 9:A06"55D 0 4"-

5".<I0D 5<>."6"9<5-50G:' ."40%5<6?5:' 0 2%.F%6%407-

5:' %85<3 8< A%$%2%4%@ GLCM (gray level co-occurrence

matrix) [7].

_"> 2"-%A %I05@C -"3+-).50 89’D83: 20E $03+"6D2:,

%;7:+6@@7: +-<-:+-:3) A.)4%4% $%.DA3) 9 2"E<' 8%-

;.<E"5?.

M%846D5"2% V" %A5) afH A6D 9:D96"55D .<3) 2%6%-

75%J 8<6%8:, D3) %$:+<5% ) $.<I0 [8].

H6D 9:D96"55D 2<+ 2%6%75:' 8<6%8 5< 2<2%4.<F0-

75:' 85023<' 9:3%.:+-<5% 2"-%A 46:;%3%4% 5<97<55D

You-Only-Look-Once (YOLO), A6D +"42"5-<I0J 2<+ –

$%95%.%8G:."5) 84%.-3%9) 2"."E). H6D 9:85<7"55D

2<+: -< JJ 36<+:F03<I0J 8<+-%+%9<5% 46:;%3) 84%.-3%-

9) 5">.%55) 2"."E).

H6D %I05@9<55D -%75%+-0 +"42"5-<I0J -< 36<+:F03<-

I0J 8<$.%$%5%9<5%J 05-"4.%9<5%J afH 9:3%.:+-<5< $);-

6075% A%+-)$5< -< <5%-%9<5< ;<8< A<5:' INbreast. M"-

8)6?-<-: %I053: 8<$.%$%5%9<5%J +:+-"2: 7"."8 7%-:.:-

3.<-5) $"."'."+5) $"."90.3) $%3<8)@-?, V% A%+D45)-<

-%750+-? 9:D96"55D 2<+ +-<5%9:-? 98,96 %, 3%"F0I0C5-

3%."6DI0J R"--?@+< (MCC) – 97,62 %, -< F1-%I053< –

99,24 % A6D 5<;%.) A<5:' INbreast. i.02 -%4%, ."8)6?-<-

-: +"42"5-<I0J 2<+ 8< A%$%2%4%@ FrCN $.%A"2%5+-.)-

9<6: 8<4<6?5) -%750+-? 92,97 %, MCC – 85,93 %, F1–

%I053< – 92,69 %, -< 2"-.:3: 3%"F0I0C5-< +'%E%+-0 p<-

33<.< – 86,37 %.  :D96"50 -< +"42"5-%9<50 2<+: ;)6:

36<+:F03%9<50 7"."8 84%.-3%9) 5">.%55) 2"."E) 0 A%+D-

46: 8<4<6?5%J -%75%+-0 95,64 %, $6%V0 $0A 3.:9%@ –

94,78 %, MCC – 89,91 %, -< F1-%I053: – 96,84 % 90A$%-

90A5%.

Z%.095D55D A9%' %$:+<5:' afH 5<9"A"5% 9 -<;6. 1.

B3*+. 1. Z%.095D55D afH / Comparison of CAD systems terms of methods

k-<$ Z".G< afH +:+-"2< [3] H.)4< afH +:+-"2< [8]

 :D96"55D YOLO (You-Only-Look-Once)

a"42"5-<I0D

f9-%3%A". A6D $.:46)G"55D +$"36-G)2)
Z%95%.%8G:."5< 84%.-3%9<

2"."E< (FrCN)

DeeplabV3+ A6D +"2<5-:75%J

+"42"5-<I0J

CLAHE D3 $%$"."A50> "-<$

FrCN A6D -%75%J +"42"5-<I0J

i6<+:F03<I0D

Grad-CAM A6D $%D+5"5? -< $%3.<V"55D

05-".$."-%9<5%+-0

a$.%V"5< 9".+0D AlexNet 5< %+5%90 CNN

(ConvNet)

 :3%.:+-<55D GLCM A6D 9:A06"55D -<

4"5".<I0J %85<3

CNN 8 $’D-?2< 84%.-3%9:2: G<.<2:

0 A9%2< FC G<.<2:

ReLU $0+6D 3%E5%4% "-<$), Softmax

A6D %+-<55?%4%

'KMHNOGPGR STENVSXKYYZ GP [^ T`aTbTcKYYZ / 

Research results and their discussion 

-1/$85 ' >+)$F5 TU 8!; 8'+L:$)/D&+::;. M%846D-

5"2% %+5%950 2"-%A: (-<;6. 2) -< 8<+%;: (-<;6. 3) OT, D30

9:3%.:+-%9)@-? A6D A0<45%+-)9<55D.

a:+-"2: 3%2$’@-".5%4% A0<45%+-)9<55D 7<+-% 3%2-

;05)@-? 306?3< 2"-%A09 A6D A%+D45"55D 9:V%J -%75%+-0

-< 5<A0>5%+-0 A0<45%+-:3:. P<$.:36<A, 84%.-3%90 5">-

.%550 2"."E0 2%E)-? 8<+-%+%9)9<-:+D A6D 9:A06"55D

%85<3 8%;.<E"5?, < $%-02 36<+:F03<-%.: 2<G:55%4% 5<-

97<55D 2%E)-? 9:3%.:+-%9)9<-: I0 %85<3: A6D $0A-.:2-

3: $.:>5D--D .0G"5?. Z%A0;50 3%2;05<I0J 2"-%A09 8<;"8-

$"7)@-? -%750G:> <5<608 -< A%$%2<4<@-? 603<.D2 )

$.:>5D--0 %;h.)5-%9<5:' .0G"5?.

_0 2"-%A: $.%A%9E)@-? .%89:9<-:+D, 8<6)7<@7: 5%-

90 -"'5%6%40J -< $0A'%A:, V% A<C 82%4) $0A9:V)9<-: -%-

750+-? -< "F"3-:950+-? afH ) 2"A:750> A0<45%+-:I0.

<&/$7+/5#:1 8'+L:$)/D&+::;. f9-%2<-:75" A0<-

45%+-)9<55D h.)5-)C-?+D 5< 9:3%.:+-<550 <64%.:-209

2<G:55%4% 5<97<55D -< OT A6D 9:D96"55D $<-%6%40> 0

8<'9%.@9<5? ;"8 $.D2%J )7<+-0 603<.D. M%846D5"2%

%+5%950 2"-%A: > <64%.:-2:, D30 9:3%.:+-%9)@-? A6D

<9-%2<-:75%4% A0<45%+-)9<55D ) +)7<+50> 2"A:I:50

(-<;6. 4).

M%846D5"2% 2"-%A: -< 8<+%;: A6D 3%53."-5:' 8<-

9A<5? A0<45%+-)9<55D (-<;6. 5).

f9-%2<-:75" A0<45%+-)9<55D 2<C 9"6:3:> $%-"5I0<6,

<6" +-:3<C-?+D 08 $"95:2: 9:36:3<2::

1. ^'S)%68+ % )"I%.)%68+: $%-.0;5% 8<;"8$"7:-: 9:-

+%3) -%750+-? A0<45%809, V%; )5:35)-: $%2:63%-

9:' 9:+5%9309.

2. X8,;" % ;')`%I2)$%.)%68+: 8<;"8$"7"55D 8<':+-)

$".+%5<6?5:' A<5:' $<I0C5-09.

3. a)824<428"$%K 42P/*+8"8%1: 5<A<55D 05-".$."-

-%9<5:' ."8)6?-<-09 A6D 603<.09 -< $<I0C5-09.

R"-%A: > <64%.:-2: <9-%2<-:75%4% A0<45%+-)9<55D

A<@-? 2%E6:90+-? 0+-%-5% $%3.<V:-: $.%I"+ A0<45%+-)-

9<55D 8<'9%.@9<5?, 8<;"8$"7)@7: G9:A30 -< -%750 ."8)6?-

-<-:.  %5: 2%E)-? 85:8:-: 5<9<5-<E"55D 5< 2"A:75:>

$".+%5<6 0 $%60$G:-: D30+-? 2"A:75:' $%+6)4. WA5<3 5"-

%;'0A5% ."-"6?5% $0A'%A:-: A% J' 9$.%9<AE"55D, 9.<'%-

9)@7: 9+0 2%E6:90 9:36:3: > "-:750 <+$"3-:.
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B3*+. 2.R"-%A: OT A6D A0<45%+-)9<55D / AI methods for diagnostics

R"-%A:

2<G:55%4%

5<97<55D

i6<+:F03<I0D

-< ."4."+0D

i6<+:F03<I0>50

<64%.:-2:

c%40+-:75< ."4."+0D, A"."9< .0G"5?, 2"-%A

%$%.5:' 9"3-%.09 (SVM), <5+<2;6"90 2"-%A:

M"4."+0>50 2%A"60
c050>5< ."4."+0D, ;<4<-%9:20.5< ."4."+0D, 5">.%550 2"."E0

A6D $.%45%8)9<55D 306?30+5:' $%3<85:309

j6:;%3"

5<97<55D

^4%.-3%90 5">.%550

2"."E0

 :3%.:+-%9)@-?+D A6D <5<608) 2"A:75:' 8%;.<E"5?

(."5-4"5, RM\ -< i\)

M"3)."5-50 5">.%550

2"."E0

^<+-%+%9)@-?+D A6D <5<608) $%+60A%95%+-"> A<5:'

("6"3-.%3<.A0%4.<2: <;% 05G0 7<+%8<6"E50 +:45<6:)

\.<5+F%.2".:

P%90 <.'0-"3-).:, V% A"2%5+-.)@-? 9:+%30 ."8)6?-<-:

) 8<9A<55D' %;.%;3: $.:.%A5%J 2%9: -< 2%E)-? ;)-:

<A<$-%9<50 A6D <5<608) 2"A:75:' -"3+-%9:' A<5:'

R"-%A:

%;.%;3:

$.:.%A5%J 2%9:

i6<+:F03<I0D -"3+-)
i6<+:F03<I0D 2"A:75:' 8<$:+09, 9:85<7"55D $<-%6%40>

8 %$:+09 +:2$-%209

T2"5%9<5< +)-50+-?

.%8$085<9<55D

 :D96"55D -< 36<+:F03<I0D 9<E6:9:' 2"A:75:' -".20509

) -"3+-0

a"2<5-:75:> <5<608  :A06"55D 05F%.2<I0J 8 A%3)2"5-09

 "#. 1. a-.)3-).5< +'"2< 2"-%AD <9-%2<-:75%4% A0<45%+-)-

9<55D / Diagram of the automatic diagnosis method

W$>3$F!1:5I 71/$8 +&/$7+/5#:$L$ 8'+L:$)/D-

&+::;. P< .:+. 1 5<9"A"5% +-.)3-).5) +'"2) 2"-%A) <9-

-%2<-:75%4% A0<45%+-)9<55D.

R"-%A +36<A<C-?+D 8 -<3:' "-<$09:

1. Z%A<9<55D 8%;.<E"55D 5< 9'0A +"42"5-<-%.< -<

36<+:F03<-%.<.

2. Z<.<6"6?5< +"42"5-<I0D 02)5%40+-%'02075:' 8%-

;.<E"5? 08 $%A<6?G:2 %;7:+6"55D2 306?30+5:'

%85<3.

3. i6<+:F03<I0D 40+-%6%4075:' 8%;.<E"5?.

4. Z%A<55D ."8)6?-<-) ) 9:46DA0 F%.2<608%9<5%4%

890-), V% 20+-:-? -:$ 0 $0A-:$ $<-%6%40J -< %;7:+-

6"50 306?30+50 %85<3:.

^<4<6%2 603<.-A0<45%+-, D3:> 3%.:+-)9<-:2"-?+D +:-

+-"2%@, $%9:5"5 5<97:-: +"42"5-<-%. -< 36<+:F03<-%.

5< +$"I:F075:' 8%;.<E"55D'.  5<G%2) 9:$<A3) I"

02)5%40+-%'020750 -< 40+-%6%40750 90A$%90A5%. Z0+6D 5<9-

7<55D +:+-"2< $.<I@C 840A5% 8 %$:+<5:2 9:V" <64%.:-

-2%2.

 $7B’"/13:' 1G)B13571:/5. L'<242I)K 'G4'G;"

P'G4"J2)+. H6D 8<;"8$"7"55D 9:+%3%J -%75%+-0 A0<45%+-

-:3: 8< A%$%2%4%@ 2"-%A09 <9-%2<-:75%4% A0<45%+-)-

9<55D 5"%;'0A5% ."-"6?5% $0A4%-)9<-: A<50, D30 ;)A)-?

9:3%.:+-%9)9<-:+D A6D <5<608). WA5:2: 08 36@7%9:'

"-<$09 C $%$"."A5C %;.%;6"55D 0 +"42"5-<I0D 2"A:75:'

8%;.<E"5?.

Z%$"."A5C %;.%;6"55D $"."A;<7<C -<30 $.%I"A).::

9:.095@9<55D 8<4<6?5%4% F%5) D+3.<9%+-0 8%;.<E"55D,

9:A<6"55D 5< %.:405<6?5%2) A%3)2"5-0 9:+%3%7<+-%--

5:' 8<9<A 0 .085:' <.-"F<3-09 (8<+907"55D %3."2:' A06D-

5%3 8%;.<E"55D, $.%9<6: 5< 5?%2), -.0V:5: -%V%), 9:-

3%5<55D () .<80 $%-.";:), 3%5-.<+-)9<55D -< 05G:' F)-

53I0%5<6?5:' $"."-9%."5?.

 %+5%90 ;<4<-?%' F06?-.09 – %$".<I0D 84%.-3:, -%;-%

%$".<I0D %;7:+6"55D 5%9%4% 85<7"55D 9:;.<5%4% $03+"-

6D, V% 9.<'%9)C 85<7"55D $03+"609, D30 %-%7)@-? >%4%.

H6D %;7:+6"55D 85<7"55D 9:3%.:+-%9)C-?+D 2<-.:ID,

V% 5<8:9<C-?+D DA.%2 84%.-3: <;% 2<-.:I"@ 84%.-3:.

^<89:7<> DA.% 84%.-3: C 39<A.<-5%@ 2<-.:I"@ ncn, A"

n – 5"$<.5" 7:+6%. P<>$%$)6D.50G0 – F06?-. j<)+< -<

2"A0<55:> F06?-. (.:+. 2).

H0C9:2 +$%+%;%2 $%$"."A5?%4% %;.%;6"55D 8%;.<-

E"5? C .%;%-< 8 40+-%4.<2<2:. j0+-%4.<2: C %+5%9%@

A6D 7:+6%9:' 2"-%A09 $.%+-%.%9%J %;.%;3:.  :A%8205<

40+-%4.<2 2%E" )+$0G5% 9:3%.:+-%9)9<-:+D A6D $%3-

.<V"55D 8%;.<E"5?. ^%;.<E"55D, .%8$%A06 85<7"5?

"6"2"5-09 D3%4% ;6:8?3:> A% .095%20.5%4% 0 8<>2<C

9"+? A0<$<8%5 2%E6:9:' 85<7"5? D+3.<9%+-">, 9:46DA<-

-:2" A%9%60 3%5-.<+-5:2 0 20+-:-:2" 9"6:3) 306?30+-?

5<$09-%509.
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Z2Q@2)8"$%K. a"42"5-<I0D 8%;.<E"5? – I" $.%I"+

.%8A06"55D 8%;.<E"55D 5< 306?3< 7<+-:5 <;% +"42"5-09,

V%; 9:A06:-: %;’C3-: <;% %;6<+-0 05-"."+) (.:+. 3). T+-

5)C 306?3< -.<A:I0>5:' 2"-%A09 +"42"5-<I0J 8%;.<E"5?,

+"."A D3:' $%.%4%9< +"42"5-<I0D -< 2"-%A 9%A%A06), <

-<3%E +)7<+50 2"-%A: 5< %+5%90 5">.%55:' 2"."E.

f.'0-"3-).: CNN, -<30 D3 Alex-Net [10], VGG-Net

[11], GoogleNet [12] 0 Dense-Net [13], ;)6: .%8.%;6"50 -<

8<+-%+%9<50 A% .085:' 8<A<7 .%8$085<9<55D 8%;.<E"5?.

^<4<6%2, 2%A"60 +"42"5-<I0J 5< %+5%90 CNN 2%E5< $%-

A06:-: 5< $0A'%A:, V% h.)5-)@-?+D 5< %3."2:' $03+"6D'

-< I06:' 8%;.<E"55D'. Z03+"6?50 $0A'%A: 36<+:F03)@-?

3%E"5 $03+"6? D3 %3."2:> %;’C3-, V% C 8<9A<55D2 36<-

+:F03<I0J. H6D 3%E5%4% $03+"6D (<;% +)$".$03+"6D)

+-9%.@C-?+D $<-7, D3:> 9:3%.:+-%9)C-?+D D3 9'0A A6D

2%A"6"> CNN 8 20-3%@ $03+"6D D3 I06?%9%@ 82055%@

A6D 5<97<55D 2%A"60 [14].

Z0A'%A: 5< %+5%90 8%;.<E"5?, -<30 D3 U-Net [15], $.:>-

2<@-? 8%;.<E"55D 5< 9'0A 0 9:A<@-? +"42"5-<I0@ 9'0A5%4%

8%;.<E"55D (.%820. 8<6:G<C-?+D -<3:2 +<2:2). R%A"60

-:$) U-Net +-<6: $%$)6D.5:2: 8<9AD3: 9:+%30> "F"3-:9-

5%+-0 -< $.%+-%-0 $%.095D5% 8 $03+"6?5:2: $0A'%A<2:. WA-

5<3, 7"."8 5"A%+-<-5@ )9<4) A% %;6<+-"> 8< 2"E<2: I06?%-

9%4% %;’C3-<, 7<+-% 9:5:3<@-? 5"85<750 +"42"5-%9<50

%;’C3-: 5< 2"E<'. H6D 9:.0G"55D I0CJ $.%;6"2: ) $.<I0

[16] 8<$.%$%5%9<5% 2"."E) 5< %+5%90 Dense-Net $0A 5<-

89%@ One Hundred Layers Tiramisu, D3< 8’CA5)C 3%E"5 G<.

8 05G:2: 9 $%+60A%95%2) ."E:20, V% +$.:DC $%9-%.5%2)

9:3%.:+-<55@ 9:A06"5:' %85<3 0 $%+:6"55@ $%G:."55D

%85<3, 8<9AD3: 7%2) Dense-Net 2%E" 82"5G:-: 9$6:9 8%9-

50G50' %85<3 5< I06?%90 %;’C3-:. Dense-Net A%6<C I@ %;-

2"E"50+-? U-Net ) .085:' 8<+-%+)9<55D' A6D 2"A:75:' 8%-

;.<E"5?. WA5<3 A"D30 A%+60A5:3: A%9"6:, V% .%8.%;6"55D

.085:' F)53I0> 9-.<- -<3%E 2%E" $0A9:V:-: $.%A)3-:9-

50+-? U-Net $0A 7<+ 5<97<55D.

Z.:36<A +"42"5-<I0J 8%;.<E"5? 5< %+5%90 U-Net 5<9"-

A"5% 5< .:+. 4 [17], [18]. H6D 5<97<55D +"42"5-<-%.< 5<

9'0A $%-.0;5% $%A<9<-: %.:405<6?5" 8%;.<E"55D (input

image) -< >%4% 2<+3) (input mask), 5< 9:'%A0 2"."E< $%9"-

.5" +"42"5-%9<5" 8%;.<E"55D (predicted mask).

B3*+. 3. ^<+%;: OT A6D A0<45%+-)9<55D / AI tools for diagnostics

B": #"#6,7 F835.%#6D03../ G("'.3;,../

a:+-"2: $0A-.:23: (Tempus, NAVIFY Tumor Board

by Roche)

Z6<-F%.2:, V% 5<A<@-? 603<.D2 ."3%2"5A<I0J 5< %+5%90 <5<608) A<5:'

$<I0C5-< -< 2"A:75:' $.%-%3%609

i%2".I0>50 afH (Hologic, iCAD, Riverain

Technologies)

T5+-.)2"5-:, V% A%$%2<4<@-? ) .<55?%2) 9:D96"550 8<'9%.@9<5?,

<5<608)@7: 2"A:750 8%;.<E"55D

Z%.-<-:950 $.:+-.%J -< +"5+%.:

R%;06?50 A%A<-3: -< $"."5%+50 $.:+-.%J A6D 2%50-%.:54) %+5%95:'

A0<45%+-:75:' $%3<85:309 (+".I";:--D, 7<+-%-< A:'<55D,

9:-.:9<60+-? -%V%)

B3*+. 4.R"-%A: <9-%2<-:75%4% A0<45%+-)9<55D / Automatic diagnostic methods

i6<+:750

<64%.:-2:

2<G:55%4%

5<97<55D

H"."9< .0G"5?
 :3%.:+-%9)@-?+D A6D 36<+:F03<I0J 2"A:75:' A<5:' -< F%.2)9<55D

$.%45%809 5< %+5%90 +:2$-%209 -< 05G:' '<.<3-".:+-:3 $<I0C5-09

R"-%A %$%.5:'

9"3-%.09

^<+-%+%9)C-?+D A6D 8<9A<5? 36<+:F03<I0J -< ."4."+0J, 8%3."2<,

A6D .%8$085<9<55D <5%2<60> ) 2"A:75:' 8%;.<E"55D'

q<C+09+?3:>

36<+:F03<-%.
 :3%.:+-%9)C-?+D A6D A0<45%+-:3: 5< %+5%90 >2%90.50+5:' 2%A"6">

f64%.:-2: 46:;%-

3%4% 5<97<55D

^4%.-3%90 5">.%550

2"."E0

 :3%.:+-%9)@-?+D A6D <9-%2<-:75%4% <5<608) 2"A:75:' 8%;.<E"5?

(RM\, i\, ."5-4"509+?30 85023:) A6D 9:D96"55D $<-%6%40>

M"3)."5-50 5">.%550

2"."E0

kF"3-:950 A6D %$.<I@9<55D $%+60A%95:' 2"A:75:' A<5:',

-<3:' D3 "6"3-.%3<.A0%4.<2: -< 05G0 7<+%8<6"E50 +:45<6:

f)A0%908)<6?50 2%A"60
^<+-%+%9)@-?+D A6D <5<608) 89)309, -<3:' D3 A:'<55D <;% +".I";:--D,

V%; 9:D9:-: <5%2<60J

j0;.:A50 2"-%A:

f5+<2;6"90 2"-%A:
 :3%.:+-%9)@-? 3%2;05<I0J .085:' 2%A"6"> A6D $0A9:V"55D

-%75%+-0 A0<45%809

\.<5+F".5" 5<97<55D
Z"."A;<7<C 9:3%.:+-<55D $%$"."A5?% 5<97"5:' 2%A"6"> 5< 5%9:' 2"A:75:'

A<5:' A6D 82"5G"55D -.:9<6%+-0 5<97<55D -< $%3.<V"55D ."8)6?-<-09

B3*+. 5.R"-%A: -< 8<+%;: A6D 3%53."-5:' 8<A<7 A0<45%+-)9<55D / Methods and tools for specific diagnostic tasks

f5<608 2"A:75:'

8%;.<E"5?

^4%.-3%90 5">.%550 2"."E0
P<>$%G:."50G0 A6D <5<608) 8%;.<E"5?,

8%3."2< VGGNet, ResNet, Inception

M"40%5<6?50 CNN
 :3%.:+-%9)@-?+D A6D 9:D96"55D %;’C3-09 5< 2"A:75:'

8%;.<E"55D'

f5<608 "6"3-.%55:'

2"A:75:' 8<$:+09

M"3)."5-50 5">.%550 2"."E0
 :3%.:+-%9)@-?+D A6D $.%45%8)9<55D 8<'9%.@9<5?

5< $0A+-<90 0+-%.0J $<I0C5-<

j.<F%90 5">.%550 2"."E0
^<+-%+%9)@-?+D A6D <5<608) 98<C2%89’D8309 20E .085:2:

2"A:75:2: $%3<85:3<2:

f5<608 4"5%25:'

A<5:'

j6:;%30 5">.%550 2"."E0
 :3%.:+-%9)@-?+D A6D 9:D96"55D 4"5"-:75:' 2)-<I0>

-< $.%45%8)9<55D +':6?5%+-0 A% $"95:' 8<'9%.@9<5?

R<G:55" 5<97<55D 5< %+5%90 A"."9
^<+-%+%9)C-?+D A6D 36<+:F03<I0J -< $.%45%8)9<55D

5< %+5%90 9"6:3:' 5<;%.09 4"5%25:' A<5:'



$% &(*+-%./ 01 *&3 4*67 9&:4/*.; =>;*737@4/, 2024, =. 6, A 2 (10) 61

 "#. 2. M"8)6?-<-: .%;%-: 2"A0<55%4% F06?-.<: < – 8<G)26"5" 8%;.<E"55D (3%2;05%9<5:> G)2); b – 2"A0<55:> F06?-. 5m5;

c – 2"A0<55:> F06?-. 9m9; d – 2"A0<55:> F06?-. 21m21 / The results of the median filter: < – noisy image (combined noise);

b – median filter 5m5; c – median filter 9m9; d – median filter 21m21

 "#. 3. Z.:36<A +"42"5-<I0J 8%;.<E"5? / An example of image segmentation

 "#. 4. Z.:36<A +"42"5-<I0J 20-%'%5A.0J 5< %+5%90 U–Net / Example of mitochondria segmentation based on U–Net

\*"6,`%;"$%K. i6<+:F03<I0D 8%;.<E"5? – I" $.%I"+

<9-%2<-:75%4% 8<.<')9<55D 8%;.<E"55D A% %A5%4% <;%

306?3%' 36<+09 5< %+5%90 >%4% 820+-). T+5)@-? -.<A:I0>-

50 2"-%A: 36<+:F03<I0J, V% 9:3%.:+-%9)@-? .0850 %85<-

3: 8%;.<E"55D, +"."A D3:' 2"-%A %$%.5:' 9"3-%.09 -<

2"-%A 5<>;6:E7:' +)+0A09, < -<3%E +)7<+50 2"-%A: 5<

%+5%90 5">.%55:' 2"."E.

a)7<+50 2"-%A: 36<+:F03<I0J 8%;.<E"5? 5< %+5%90

5">.%55:' 2"."E 0+-%-5% $"."9".G)@-? -.<A:I0>50

$0A'%A: 8< -%750+-@ 0 +36<A5%@ 98<C2%A0C@ 20E %85<-

3<2:. \.<A:I0>50 2"-%A: 8<6:G<@-?+D 3%.:+5:2: A6D

2"5G +36<A5:' 8<A<7 <;% ) 9:$<A3<', 3%6: 3.:-:750 %;-

7:+6@9<6?50 ."+).+: <;% 05-".$."-%9<50+-? 2%A"60.

JFL$&$31::; 31>D!A/+/'& 8$)!'891::;.  :3%5<5"

A%+60AE"55D A<C $0A+-<9: A6D 9:+5%93), V% D3 0 -.<A:-

I0>50, -<3 0 5">.%2"."E"90 2"-%A: 9:3%.:+-%9)@-?+D

90A$%90A5% A% $%+-<96"5:' 8<9A<5? -< 08 ).<')9<55D2

$"95:' %;2"E"5?. \.<A:I0>50 2"-%A: $%-.";)@-? 2"5-

G" ."+).+09 0 3%.:+50 ) .<80 $"95:' %;2"E"5? 9 %;7:+-

6@9<6?50> $%-)E5%+-0. a)7<+50 $0A'%A: 5< %+5%90 5">-

.%55:' 2"."E, -<30 D3 2"."E0 U-Net, A"2%5+-.)@-? 9:-

+%3) -%750+-? 9:D96"55D $<-%6%40> -< <5%2<60> 5< 2"-

A:75:' 8%;.<E"55D', <6" $%-.";)@-? ;06?G" ."+).+09,

D3 5<97<6?5:' (-"+-%90 5<;%.: A<5:'), -<3 0 <$<.<-5:'.

O9:A30+-? %$.<I@9<55D A<5:' ) 2"A:75:' +:+-"2<' 5"

C 3.:-:75% 9<E6:9%@, $.%-" .%8.%;6"5:> 2"-%A A0<45%-

+-)9<55D C $<.<6"6?5:2, V% 8<;"8$"7)C $%-"5I0>5:>

$.:.0+- ) G9:A3%+-0.

 "/;'1" )'1,P)" '84,@"),> 42P/*+8"8%1 I'6*%I-

J2))K – .%8.%;6"5% 2"-%A <9-%2<-:75%4% A0<45%+-)-

9<55D 5< %+5%90 5">.%55:' 2"."E, %+5%9<5:> 5< $<.<-

6"6?5%2) $0A'%A0 A% 9:3%5<55D +"42"5-<I0J -< 36<+:F0-

3<I0J.

L4";8,S)" P)"S/U%68+ 42P/*+8"8%1 I'6*%IJ2))K –

5< %+5%90 .%8.%;6"5%4% 2"-%A) ;)A)-? .%8.%;6"50 <64%-

.:-2: +"42"5-<I0J -< 36<+:F03<I0J 8%;.<E"5? 8< A%$%-

2%4%@ 84%.-3%9:' 5">.%55:' 2"."E, D30 8<$6<5%9<5%

9:3%.:+-<-: 9 +:+-"20 <9-%2<-:75%4% A0<45%+-)9<55D.
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 !"$&'( [19], [20], [21], [22] $*+,". ",/",0.1. 2.2-

+46. 7,6!’8+4"9,:, ;<$:9,2+>*$99', 64+,;. +$ $1:,".-

+6. ;<$:9,2+>*$99' "$7> 6,1,@9,A /$1,/..

 "#%&()"*/*Conclusions*

1. D",$9$1</,*$9, 64+,;. +$ /$2,0. ;<$:9,2+>-

*$99' * CAF, /,7"46$ ;1' /$*;$9G 24:649+$&<A +$ 71$-

2.H<7$&<A /,0"$I49G. J< 64+,;. K ,29,*9.6. * !,0>;,*<

/$2,0<* ;<$:9,2+>*$99'.

2. L.7,9$9, !,"<*9'1G9.N $9$1</ +"$;.&<N9.( +$

94N",64"4I4*.( 64+,;<* 24:649+$&<A +$ 71$2.H<7$&<A

/,0"$I49G. O4N",64"4I4*< 64+,;. $7+>$1G9<, A( Q.",7,

*.7,".2+,*>8+G !<; @$2 !",K7+>*$99' RTF.

3. V,/",0149, 64+,; $*+,6$+.@9,:, ;<$:9,2+>-

*$99' 9$ ,29,*< U-Net +$ CNN, X, !,+49&<N9, /649Q>K

+".*$1<2+G ;<$:9,2+>*$99' /$ "$(>9,7 !$"$141G9,:,

,!"$&8*$99' /,0"$I49G (24:649+$&<A +$ 71$2.H<7$&<A).
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COMPUTER DIAGNOSTIC SYSTEMS: METHODS AND TOOLS 

The paper investigates computer diagnostic systems, their architectures, methods, and algorithms used in their work to

diagnose cancer, including breast, lung, brain, and other tumors.

Traditional and neural network methods for image segmentation and classification are analyzed and compared, and

diagnostic tools in medicine are analyzed.

The key approaches to medical image processing are investigated, in particular, the analysis of segmentation methods

based on U–Net networks and classification using convolutional neural networks.

It is established that neural network methods outperform traditional approaches in terms of accuracy and efficiency in

segmentation and classification tasks. The main advantages of using neural network architectures in computer diagnostic

systems are revealed, in particular, the possibility of automating the diagnostic process and improving the accuracy of the

results. Neural network–based solutions provide a more adaptive and scalable approach that can be trained and improved

as new data becomes available, making them highly suitable for rapidly evolving industries such as medical diagnostics.

Computer experiments on image preprocessing and segmentation were conducted. Thus, the effectiveness of U–Net

networks for image segmentation tasks was established.

An automatic diagnostic method based on U–Net and convolutional neural networks has been developed that reduces

the diagnostic time due to parallel image processing. The paper presents a detailed scheme of the developed method. It

includes the segmentation of immunohistochemical images, after which the quantitative characteristics and classification

of histological images will be calculated, followed by the combination of all the results obtained to make a diagnosis. This

approach provides a comprehensive analysis that combines structural and quantitative data, which helps to increase the

reliability of diagnostic results

The scientific novelty of the developed method of automatic diagnosis based on neural networks is the use of a parallel

approach to performing segmentation and classification.

The developed method can be used in computer diagnostic systems in medicine. The use of the developed method

gives an increase in the speed of data processing and, accordingly, diagnosis. In addition, parallel execution contributes to

more efficient use of computing resources.

Keywords: neural networks, segmentation, classification, computer diagnostic systems, image processing.
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