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[Ipu 3TOM HEHUCMONB30BAHHBIC OCTATKH JACHEKHBIX CPEJCTB C NPSABIAYIINX KapT MPHOABISIOTCS K
HOMHHAy aKTUBUPOBAaHHOW KapThl.

Baxxno otmetuts, 9TO UL TOTO, 4TOOBI BBl MOriM MCHonb30BaTh 3Ty (QYHKIMIO Bail TenedoH
JIOJDKEH OBITh OCHAIIEH HEKOTOPHIM COOCTBEHHBIM MHKPO Opay3epoM. MoOHIBbHAs KOMMEpIUS jJenacT
MOJIL30BATENsL  elie 0ojiee HE3aBHCUMBIM, HE TMPHUBSA3aHHBIM K CTallMOHAPHBIM YCTPOMCTBaM,
MPEIOCTaBIIsASl BCE BBIIICTIEPEUUCICHHBIE BO3MOXKHOCTH TPH HAJMYWK OJHOTO TOJBKO MOOWIHHOTO
TeredoHa WIM KapMaHHOTO KOMITBIOTEpAa. DTO OYEHb BaXKHO ISl JIETIOBOTO YeNIOBEKAa: YacTO MHOI0e
3aBHCHT OT MIHOBEHHO MPUHSATOTO PEIICHHS, H 3TOMY HE JIOJDKHBI TIPEMSATCTBOBATH TaKHe (haKTOPBI, KaK
HEBO3MOXKHOCTB OBICTPOTO O(hOPMIICHUS CACIKY WIA OTCYTCTBUE IOCTYIA K MH(POPMAIIMOHHBIM KaHAJIaM.

Paznuunble criocoOBl OTUIATHI M JIOCTABKU TOJOUIYT JF00OMY KIIMEHTY, BEJIb OH MOXET MOJIYYHTh
CBOM 3aKa3, HE BBIXOJIA U3 IOMa B OTOBOPEHHBIE CPOKHU.

BHenpeHre AOMOMHUTENBHOW YCIYrH B Mara3uHe JKOHOMHYECKA OOOCHOBAaHHO W TOMHMO
OBICTPOH OKYITAEMOCTH ITPOEKTA MOBBICHT PEHTHHT U TIOJyYEHHE JOTIOTHUTEILHON MPUOBITN Mara3uHa 3a
CUeT:

- JIOTIOJTHUTEIIEHOTO KPYTJIOCYTOYHOT'O KaHayia CObITa TOBapOB;

- yIOOHOTO cepBHCa IJIsl MOTPEOHUTENeH, MO3BOJSAIONIETO O3HAKOMHUTHCS C TIEPEYHEM TOBAPOB,
COBEpIINTh PE3EPBHPOBAHME WM IMOKYIIKY TOBApOB B PEaTbHOM BPEMEHH, HCIIONB3YS pPa3IndHbIE
BapUAHTHI IOCTABKH;

- JIOTUYHO TIpEACTaBIICHHAas WH(OpMAIUs TIO3BOJUT KIUEHTY CaMOCTOSITEIBbHO HAWTH
HWHTEPECYIONINI €ro ToBap.

3aknmroueHue. B arToif  HaywyHOH paboTe OCBEIICHBI KIIOYECBBIC AaCHEKThl CO3JAHUS U
(hYHKITMOHUPOBAHUS BHUPTYaJbHOTO Mara3WHa Kak COBPEMEHHOW (OPMBI DIICKTPOHHOW KOMMEPIIUU.
ABTOp TOAPOOHO PacCMOTpPEN MPEUMYIIECTBA OHJIANH-TOPTOBIH, €€ TEeXHOIOTHYECKYIO CTPYKTypy W
HEO0OXOAMMBIC MMPOTPAMMHBIC PEIICHHUS, 00CCIICUNBAIOIIIE CTAOMIEHOCTh U yIOOCTBO PabOTHI HHTEPHET-
MarasuHa. BbUTM TpoaHamM3upoOBaHBl METOABI UACHTU(UKAIMA W OTCIICKHBAHUS TI0JIH30BATEIICH,
BO3MOXKHOCTH HMHTETPALMU C IDIATEXHBIMA CHCTEMaMH, BOIPOCH HWH(POPMAIMOHHON Oe30MacHOCTH,
aBTOMAaTHU3aIUs TIPOIIECCOB 3aKa3a M OILIATHI.

Oco0oe BHUMaHHE YIEICHO TOMY, KaK KadeCTBEHHAs OpraHu3anus WH(QpOPMAaIMOHHOHN O0a3kbl,
HajaxkHAs WHPPACTPYKTypa U THOKOCTh MPOrPaMMHOIO OOECIIEYCHUs BIUSIOT Ha 3(PQGEKTHBHOCTH
OHJIaWH-OWM3HECAa M YPOBEHD YIOBICTBOPEHHOCTH KIMEHTOB. TakKe MOMIEPKHYTa BaXKHOCTH MOOMIHLHOM
KOMMEPIIAY, PaACIIHPSIONIEd JOCTYIMHOCTh YCIYT W YCKOPSIOIIEH NPOIeCChl MPHUHATHS DEIICHHHA B
YCIIOBUSIX COBpPEMEHHON I1udpoBoil cpeasl. B memom pabora JIeMOHCTPHPYET, 4YTO YCICUTHOE
(hYyHKIIMOHUPOBAaHUE MHTEPHET-Mara3nuHa TpeOyeT KOMIUIEKCHOTO MOIX0a, BKIIOYAIOMIETO TEXHUYECKHE,
OpraHHU3alOHHBIE ¥ MAaPKETHHTOBbIE KOMITOHEHTHI, & TAKXKE€ IMMOCTOSHHOW aJanTalii K M3MEHSIOIINMCS
TpeOOBaHUAM PBIHKA U IOTPEOUTEICH.
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AunHoTanus: B pabore paccMaTpuBarOTCs COBpEMEHHBIC JOCTHKCHUS M TCHICHIIMU MPUMCHEHUS
WCKYCCTBEHHOTO WHTEIUICKTa B JIMATHOCTHKE, MPOTHO3MPOBAHWU U JICUCHUM paKa MOJIOYHOM JKEJe3bl.
OnucaHbl KITIOYCBHIC HAIMPABIICHUS Pa3BUTUS TEXHOJOTUH HCKYCCTBEHHOT'O WHTEIUICKTA, BKITFOUYAs
METOJIbI TJyOOKOro OOYy4YeHHMs, CBEPTOUYHBIC HEHpoHHBIE ceTH, Vision Transformer-apXuTeKTyphl,
CHCTEMBbI KOMITBIOTEPHON JUATHOCTHKH W MHTEIUICKTyallbHbIE XUpyprudyeckue pemenus. [TokazaHno, 4to
WCKYCCTBCHHBIM WHTEIUIGKT 3HAYWTEIBHO TMOBBINIACT TOYHOCTh WHTEPIIPETAIMU  MEIUIIMHCKHUX
N300paKEeHNH, yIydIlaeT MPOTHOCTUYECKAE MOJIENH, CIIOCOOCTBYET paHHEMY BBISBICHHUIO OMyXOJieH U
pacmupsieT BO3MOXXHOCTH ITEPCOHATTU3UPOBAHHON MEUIINHBI.
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Annotation: This article examines current advances and trends in the application of artificial
intelligence in the diagnosis, prognosis, and treatment of breast cancer. Key areas of Al technology
development are described, including deep learning methods, convolutional neural networks, Vision
Transformer architectures, computer-aided diagnostic systems, and intelligent surgical solutions. It is
demonstrated that artificial intelligence significantly improves the accuracy of medical image
interpretation, enhances prognostic models, facilitates early tumor detection, and expands the possibilities
of personalized medicine.
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Annotatsiya: Ushbu maqolada ko‘krak bezi saratonini tashxislash, prognoz qilish va davolashda
sun’ly intellektni qo‘llashdagi zamonaviy yutuglar va tendentsiyalar o‘rganilgan. Sun’iy intellekt
texnologiyalarini rivojlantirishning asosiy yo‘nalishlari, jumladan, chuqur o‘qitish usullari, konvolyutsion
neyron tarmogqlari, Vision Transformer arxitekturalari, kompyuter yordamida diagnostika tizimlari va
aqlli jarrohlik yechimlari tasvirlangan. Sun’iy intellekt tibbiy tasvirlarni talqin qilishning aniqligini
sezilarli darajada oshirishi, prognostik modellarni kuchaytirishi, o‘smani erta aniglashni osonlashtirishi va
shaxsiylashtirilgan tibbiyot imkoniyatlarini kengaytirishi ko‘rsatilgan.

Kalit so‘zlar: sun’iy intellekt, ko‘krak bezi saratoni, chuqur o‘qitish, mammografiya, patologiya,
integratsiya, qaror qabul qilish, diagnostika.

UckyccrBennsrii uatemiekt (M) BritouaeT B ce0s KOMIBIOTEPHI, UMUTHPYIOIINAE YETIOBEUSCKUI
WHTEIJICKT, BOCHPOU3BOMAIINE CIHEIUPUUESCKAC MBICIUTEIBHBIE TMPOLECCh W HMHTEIUICKTYahbHOE
MOBE/ICHWE YeJIOBeKa, a TakKXe JAEMOHCTPUPYIOIINE CIIOCOOHOCTh K aBTOHOMHOMY OOY4YEHHIO U
CIOCOOHOCTD BBHITIONHSTH 33[a4H, TPESOYIOIIUE YEIIOBEYSCKOTO HHTEIIeKTa [1].

Brnarogapst pa3BUTHIO alTOPUTMOB TIIyOOKOr0 OOYUYEHHS, COBEPIICHCTBOBAHUIO KOMIIBIOTEPHOTO
000pyIOBaHMS U aNTOPUTMOB, a TAK)KE AKCIOHEHIIMAIIFHOMY POCTY JaHHBIX, ONPEIEIIIONIUX TPUHATHE
KIMHUYeckux pemennid, MM Hamen mmpokoe NpUMEHEHHWE B TaKWX OOJIACTSIX METUIMHBI, Kak
MEIUIIMHCKHE MCCIICIOBaHMS, TATOJOTHYECKAsl TUArHOCTHKA, TEXHOJIOTHH JIYYeBOH Teparuu U CKPUHUHT
paka [2, 3]. DOddextuBHOE wHcHONB30BaHUE TexHOJMormd WM s ympaBieHHS CKPHHHHTOM,
MIPOTHO3UPOBAHNEM, TUATHOCTUKOH, JICYEHHEM U Pa3padOTKOH JIEKAPCTBEHHBIX MPENapaToB JUIA TOUHON
JUATHOCTUKH U JICUCHHS PaKa MOCTOSHHO HAXOAMUTCS B IICHTPE BHUMAaHUS TEKYIINX UCCIIEAOBaHui [4].

B nocnennee Bpems M npoaeMOHCTpUPOBAT 3HAYUTENBHBIN TOTEHIMA B MIOBBIIICHUN TOYHOCTH
1 3¢ (}EeKTUBHOCTH TUATHOCTUKH paka IMOCPEACTBOM aHaln3a M300pakKeHWH, MHTEPIPETAIlNH TeHOMHBIX
JMaHHBIX U MPETUKTUBHOTO MOJAETHpPOBaHMs. VICTONB3ysl anropuTMbl MAllTHHHOTO OOYYEHHs U TIIyOOKHe
HEHPOHHBIE CETH, UCCIICIOBATEIN BISIBIUIA 3aKOHOMEPHOCTH M MapKephl B METUITMTHCKUX H300paXKCHHSIX
¥ TEHETWYECKHX IaHHBIX, KOTOPHIE MOTYT MOMOYh B PaHHEM BBISBICHWH M TEPCOHATU3UPOBAHHOM
TUTAHUPOBAHUY JICUCHHS OHKOJIOTHIECKUX OOJBHBIX [5].

Wurerpamnust texHonoruii UM B KIMHUYECKYIO TPAKTUKY MOXET KOPEHHBIM 00pa30oM H3MEHUTh
MOJIXOJ] TIOCTABIIUKOB MEIUIIMHCKUX YCIYT K JICUCHHIO OHKOJIOTHYECKUX 3a00JIeBaHUM, YTO MPUBEIET K
0ojiee TOYHOHN AMArHOCTHKE, MEPCOHATN3NPOBAHHBIM CTPATETHSAM JICUEHHUS W yIy4IICHUIO PE3ylIbTaToB
nevyenus manueHToB. [lo Mepe Toro, kak MW mpopomkaeT pa3BUBAaTBCS U COBEPIICHCTBOBATHCS, MBI
MOXKEM OXHJIaTh NaJbHEWIIEro IMmporpecca B 00JacTH TOYHON TUArHOCTHKH W JICYCHHUS paka, 4To B
KOHEYHOM UTOTe MpUBEAET K Oosee dPGPEKTHBHOW U MEPCOHAIM3UPOBAHHOHN MOMOIIM MAIlMEHTaM BO
BceM mupe. MW cranm mpeoOpasyromiell TEXHOJOTHEH B XHPYPTHHU MOJIOYHOM Keje3bl, 0COOCHHO B
BH3yQJIM3allUd M JIUAaTHOCTHKE MOJIOYHOM xene3bl. [Ipunmoxkenus MM mokazanu MHOrooOemaromnme
pe3yabTaThl B MOBBINICHAN TOYHOCTH W I(PQPEKTHBHOCTH OOHAPYKECHHUs] W TMPOTHO3MPOBAHUS paka
MOJIOYHOM KeJie3bl. PazinudHbie ucciieoBaHus IPOAEMOHCTPHUPOBAIH 3h(HEKTUBHOCTD B HaexKHOCTh I
B muddepeHImai 100poKauyeCTBEHHBIX U 3JI0KaYeCTBEHHBIX 3a00ICBaHUI MOJIOYHOM JKele3bl [6].

Kpome toro, M1 moxeT ymydimuTh HTPOTHOCTHYECKYHO KIACCH(HKAIMIO, YTOYHUTH TOYHOCTH
yIpaBJIeHHs TPU OIICHKE paka MOJIOYHOW >KeNe3bl W MPEeooJIeTh OrpaHUYCHHs, CBA3aHHBIE C OLEHKOM,
CBS3aHHOW C 4YenmoBekoM. Mcmomb3oBanue TexHonoruw MU B Xupypruwm Tpyau pacrnpoCTpaHSETCs Ha
OHJIAIH-KITMHIYECKOE POTpaMMHOE 00eCTICUeHHE, TIO3BOJISS MTAIMEHTaM CaMOCTOSATEIIEHO 00paIaThes B
MaMMOJIOTHYECKHE KIMHUKH B KadeCTBE aJIbTEPHATHUBHI TPAAWIMOHHBIM ITyTSIM HAINpPaBICHUS K Bpady
obmedt mpaktuku. CkpuHHHT Ha ocHOoBe MU ObT ompemesieH Kak KU3HECIIOCOOHOE pEIIcHHE IS
YIIYYIIIEHUS] 3I0pPOBbSl TPYIOH B paiiOHaX C HU3KUM YPOBHEM J[0XOJla M OTPAHMYCHHBIM JIOCTYIIOM K
3[IpaBOOXPaHEHUIO, TAKUX Kak ropojackue Tpymo0sl. UM Taxke OB HHTETPUPOBAH B Pa3iIMIHbIE METO B
BU3YyaJM3aIlnH, BKIoYass MaMmMmorpaduio u Y3, s momoniy B 00HApYKEHHH U TUATHOCTHKE OIMyXOJIeH
rpyad. WHCTpYMEHTBI JMAarHOCTUYECKOTO aHaim3a, Takue kak S-Detect, Obum pa3paboTaHbl C
ucroiib30BaHueM cructeM WU juis MOBBIIEHUS TOYHOCTH YIbTPa3BYKOBOW BU3yalln3alluu 00pa3oBaHUN
rpymu [7].
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Kpome Toro, unrterpauust U1 B MPT cmocoOcTBOBana yny4iieHHIO TUArHOCTHKH paka TPYyAH,
MPOJICMOHCTPUPOBAB €€ 3HAYUTEIHHOC BIMSHHEC HAa MEAWIMHCKAE WCCICNIOBaHUS B o0jactu
Bm3yanu3zamuu Tpyau [8, 9]. Pazeutme MM B oOmacTt paHHEro OOHApY)KEHHS paka TPYyId C
ucnojs3oBanueM uHppakpacHbix (MK) u300pakeHHi W METOIOB MAIMHHOTO OOYYCHHS ITOKa3ajo
MHOTO00CIIAIONTNE PE3yJIbTaThl B BBISIBIICHUH paka TPy Ha HadaldbHBIX cTajusx. bonee Toro, poms MU
BBIXOJNT 32 paMKH AMAarHOCTHKM M OXBaThIBACT MPUHATHE XUPYPTHUECKHUX PEIICHUN W ONTHMH3ALUIO
pabouero mporecca. XUPYprd, OOJamaronIde OIMBITOM B MeToAax W TpwiokeHusx WM, wurparot
pelamInyo poils B obecredyeHnd Oe3omacHOro W 3¢ ¢EKTHBHOTO KiIMHUYecKoro BHeapenus WU B
xupypruto [10]. Xupyprudeckue poOOTH Ha 0a3e UCKYCCTBEHHOTO MHTEJJICKTa MPEOOPasiiid XUPYPTHIO
TpyaH, obecrieunBas TOYHbIC M MUHHMAJIBHO WHBA3WBHBIC TPOIEAYPHI, KOTOphIe MPUBOIAT K OoJiee
OBICTPOMY BOCCTAHOBJICHHMIO M YIYYLICHHIO PE3YyJIbTATOB JUIS MALMEHTOB. DTH POOOTHI C MEPEAOBBIMU
TEXHOJOTHSIMH BU3yalW3allMd W JAaTYUKOB TIOMOTAIOT XHUpypraM B CJIOXHBIX TpOIeaypax ¢
HCKITFOUHUTEIILHOM TOIHOCTRIO [11].

WnTerpanmst  MCKYCCTBEHHOTO ~ HMHTEIIEKTA B XHPYPTHYECKHX  poOOTOB  IMO3BONHIIA
MEPCOHAIM3UPOBATh IUIAHBI JICYCHUS, OCHOBAaHHBIC HA YHUKAIBHONH aHATOMHHU W TATOJIOTHU KaXKIOTO
MAIMeHTa, YTO B KOHEYHOM HTOT€ YIYYIIAeT Pe3yJbTaThl XUPYPrHUECKOTO BMEIIATENhCTBA U Ka4eCTBO
KU3HU T€X, KTO MPOXOAWT JiedeHHe paka Tpynu [12]. bomee TOro, MHCTpYMEHTH NPEIUKTHBHON
AQHAJIMTUKK Ha 0a3e HMCKYCCTBECHHOTO WHTE/UICKTAa MPOTHO3UPYIOT PEaKIUI0 TAlMCHTa Ha DPa3INYHBIC
BHJIBI JICYCHUS, TIOMOTas BpavyaM MPUHUMAThL OOOCHOBAaHHBIC PEIICHUS M ONTUMH3UPOBATH CTPATETHUU
JIEUCHUS U YIY4IICHHS JOJITOCPOYHBIX pe3ynbraroB [13]. Bymymiee Xupypruu Tpyaul 3aBHCHT OT
Pa3BUTHUS U MHTETPALUU TEXHOJIOTUH UCKYCCTBEHHOTO WHTEIUICKTA, OTKPBIBAs HOBYIO 3Py MPEIU3UOHHON
MEJUIMHEI M YITYYIICHHOTO YX0/1a 32 MaIUCHTaMHU.

Hcroxu N BocxomsaT k 1950-m romam, korma MM cTpemmiics co3maTh MaIldHBI, CITOCOOHBIE
MBICIIUTh W pacCyXmaTh MoA00HO demoBeky [14]. M3mawameHo MM B KIMHWYECKOW MEIWIIMHE
WCTIONB30BAJl HEYETKYIO JIOTHKY, DKCIIEPTHBIE CHCTEMBI M MCKYCCTBEHHBIE HEHpOHHBIE ceTH. lIporpecc
MpuBEN K JOCTI)KEHHSM B OO0JACTH OMOPHBIX BEKTOPHBIX MAIWH, MPOEKTHPOBAHUS NPHU3HAKOB U
00pabOTKH ECTECTBEHHOTO s3bIKa. Pa3BUTHE TITyOOKOTO OOYYEHHS, CBEPTOYHBIX HEHPOHHBIX CeTeil U
PEKYPPEHTHBIX HEHPOHHBIX ceTel 3HaunTenbHo mpoasunyino UM B meauuune. B menuuuHckol chepe
NN npumensiercs B JUArHOCTUKE, IMPOTHOCTUKE, MEPCOHAIM3UPOBAHHOW MEIUIIMHE W CO3JaHHUU
XUPYPrHYECKUX POOOTOB-aCCUCTEHTOB.

Oco0oro BHUMAaHHSA 3aCITy>KUBAET UCIOIH30BAHNE POOOTOTEXHHUKH B CIOXKHBIX YPOIOTHYECKUX H
THHEKOJIOTHYECKUX OTepaIysiX, BIIOXHOBJIEHHOEC MHHOBAIIMOHHBIMU pazpaboTkamu Jleonapao na Bunun.
NN B MenumuHEe MOXHO pa3/iejuTh HA JBE OCHOBHBIC OOJIACTH: BHPTYIBHYIO H (U3HUYECKYIO.
BupTtyanbHBIN acriekT OXBaThIBaeT TIybokoe oOydeHue Ui yrpaBieHHs HH(popManuei, 3IeKTPOHHBIX
MEIUIIMHCKHUX KapT ¥ PYKOBOJICTBA JIJISl TOCTABIIMKOB MEIUIIUHCKUX YCIIYT, B TO BpeMsl Kak QPU3HICeCKUL
ACIEKT BKJIFOYAeT POOOTOB M HAHOPOOOTOB JJIsl yXOJa 3a MalMeHTaMH U JOCTaBKU jekapcTB. Xors MU
o0jamaeT TmMOTeHHMAIOM s TpeoOpa3oBaHHs  3[PAaBOOXPAHEHHS, HEOOXOAWMBI  ITOCTOSHHEIE
uccienoBanus u  paspaborku. MM moapasymeBaer, 4YTO MalIMHBI pPACHO3HAIOT M HM3y4yaroT
3aKOHOMEPHOCTH Ha OCHOBE BBIOOPOYHBIX JTAHHBIX, UCIIONB3YS UX ULl MPUHSTHS CIOXKHBIX PEHICHUN
[15].

B o6nactm xnmHMYeckoit oHkosiormu MM moOwiics 3HAYMTENBHBIX yCIEeXoB. B 3Toi obmactw,
XapaKTEepPU3YIOMIEHCs CI0XKHBIMU U MHOTOMEPHBIMH TIOTOKaMHU JaHHbIX, MW MoxeT oOBbeAUHATH U
aHAJIM3UPOBAThH Pa3IMYHbIC TUIBI JAHHBIX, TAKHE KaK UCTOPHs OOJIE3HH MallMeHTa, TATOJIOTHS OITyXOJIeH,
TCHOMHKA M JNaHHble BU3yanm3aruu [16]. OT paHHHX aJITOPUTMHUYECKUX TIOMBITOK 10 MPOJABHUHYTHIX
MOJIeTIeli MallTMHHOTO 00yueHwUs, uaTerpamus M B oHKOIOTHIO ITpeoOpasuia TUarHOCTHUKY, JICUCHHE U
yxon 3a manueHTamu paka. OOpabaTbiBas OTrpOMHEIC OOBEMBI JAHHBIX M PACKPHIBas CKPBITHIC
3akoHOMepHOCTH, M MOXET 3HAYHUTENHbHO TMOBBICUTH TOYHOCTh M 3(PPEKTHBHOCTH JieueHus paka. [lo
Mepe pa3BuTHs TexHonorud ponb MW B KIMHUYECKOW OHKOJOTHH OYJET PacUIUpSATHCSA, YTO MOMKET
KOPEHHBIM 00pa3oM HW3MEHUTh Hall MMONIXOJ K JICUSHHIO paka. biaromaps amroputMaM TiIyOOKOTO
o0ydeHHs MCCieq0BaTeId MOTYT IIPOTHO3UPOBATH Pe3yIbTATHI JICUEHHS TAINEHTOB U YTOYHATH PEIICHUS
no nedeHWto. ToYHAS OHKOJIOTHS CTPEMUTCS OOBEIUHHUTH OOINUPHBIC JaHHBIE C IEPeOBBIMU
BBIYHCICHUSMHA Y METOJIaMH TIIyOOKOTO OOYYCHHS I pa3pabOTKU MEPCOHATM3MPOBAHHBIX CTPATETHUN
JeueHus. TeM He MeHee, OCTAalOTCA MPETSITCTBUS Ha MyTH IIMPOKOro BHenpeHus MU B kiIMHUYECKOUN
oHkosiorun. OddekTuBHOCTh anropuTMoB WU jomKHA OIIGHUBATBCS HAa OCHOBE HX CIIOCOOHOCTH
3¢ (deKkTUBHO  pemaTh — KIMHAYECKHE  CUTyallmd. B Hacrosiiee  BpeMss  WHTerpanus
BBICOKOITPOU3BOAUTEIBHBIX anroputMoB M B KITMHHYECKUE YCIOBHS BCE €Ile HAXOAUTCS HA Ha4aIbHOM
arame [17].
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I[lo w™epe pa3BUTUS 3TUX TEXHOJNOTMH Bce Ooyibllle BHUMAaHUS OymeT  YAENSATbCA
BBICOKOITPOU3BOAUTEIBHBIM HHCTpYMeHTaM MU 1jis MUHUMU3AIUK CTpalaHuil MalueHTOB, CMEPTHOCTH
W PacxXoJioB Ha 3/paBooxpaHeHre. COTPYIHHUECTBO MEKITY METUIIMHCKUMU paOOTHUKAMH U SKCIIEPTaAMHU
B obmactm MU mmeeT permaromiee 3HaYCHUE IS PACKPBITHS TOTHOTO TMoTeHnuana MM B oHKOIOTHH.
OObenuHss OSKCHEpTH3Y B MPEIMETHOW OOJIACTHM C BO3MOKHOCTSIMH MAIIMHHOTO OOy4eHus,
WICCIIEIOBATEN MOTYT CO3/1aBaTh HOBBIE PEIIEHHS IJIS CIOXKHBIX KIMHHYECKHX Tpobiem. BHenpenwme
WHCTPYMEHTOB Ha ocHOoBe MU B paboune mporecchl B OHKOJIOTUH TPeOyeT TIIATENbHON BajHIallud U
0OOpeHHs  pEerylupylIoIlUX  OpraHoB sl oOecmedeHus:  0e30MacHOCTH — MAlHEeHTOB |
KOH(QHUICHINANEHOCTH JaHHBIX. [0 Mepe pa3BUTHs 3TOH OOJIACTH MEXIMCUUILIMHAPHOE MapTHEPCTBO
Oyaer Wrparb KIIOYEBYIO pPOJIb B TPOABM)KEHWH HCIIONB30BaHUS TexHomornd MU mns ymydmeHws
Pe3yIbTAaTOB JICYCHUS] OHKOJIOTHYECKHX 3a0oneBanuii [3].

Cuctemsl komnbroTepHoit nuarHoctuku (CAIIP) na ocnose MU nponeMOHCTpUpOBay MOTEHIHAT
B BBISBICHHH paKa MOJIOYHOW Keje3bl. DTH CHCTEMBbI HCIOJB3YIOT MOJAENH TIIyOOKOro OOy4YeHHs
cBeprounbie HeliporHble ceTr (CHC) mns ymaydrmeHus oOHApYXEHHS M MHTEPIIPETAIIME MaMMOTPaMM.
Ucnonszys MU, CAIIP moryTt obecnieunBath 0osee OBICTPYIO, TOUHYIO U OOBEKTUBHYIO HHTEPIPETALIUIO
MaMMOT'paMM, TTIOMOTasi pEHTTCHOJIOraM MIPUHUMATh NpaBWiIbHBIC pemrenus [18]. MaTerpamus mMoaeneit
NN B CAIIP oOemiaer yaydillUTh PAaHHIOK AMArHOCTHKY paKa MOJIOYHOM »KeNe3bl, YTO MPHUBEAET K
MOBBIIIICHAIO BBEDKMBAGMOCTH M CHWXKEHHIO cMepTHOcTH. IlepemoBeie apxutektypbl CNN, Takue Kak
Vision Transformer (ViT), ObTH OLEHEHBI W MPEB3OLLIM APYTHE MOJIENIN C TOYKH 3PEHUS] TOYHOCTH U
3¢ (HEeKTHUBHOCTH.

Kpome Toro, pasznuunbsie METOIBI, BKIIIOYAs METObI MALTMHHOTO O0Y4YEHHUsI HA OCHOBE MPU3HAKOB
U NpAMOE TIPUHATHE PEIICHUH HAa OCHOBE IITyOOKOro o0yueHwus1, ucronb3oBanch B cucremax CAIIP mns
OoOHapy)XeHHs W JHAarHOCTUKMA paka MOJOYHOW IKeNe3bl. OTH MOJETH [OCTUTIIM BIIEYATIISIONINX
TToKa3aTelled TOYHOCTH, MTPEBOCXOA ApyTrHe coBpeMeHHbIe apxuTeKTypsl CNN [18]. Ycmex aTux cucrem
CAIIP takxe MOKHO OOBSICHUTD UCIIOJIE30BaHHEM METOJ0B JOMOJTHEHUS U PeABAPUTENBbHON 00paboTKH
JNaHHBIX B COYETAHWMH C MOMENMSAMH TJIyOOKOro o0O0y4deHHs. OTH CHCTEMBI OBUIM OIICHEHBI C
WCTIOJIb30BaHUEM Pa3IMYHBIX METPHK W HA0OPOB JIaHHBIX, IEMOHCTPUPYS MHOTOOOCIIAIOIINE PE3YITBTATHI
C TOYKHM 3pEHHS TOYHOCTH U I0CcTOBepHOCTH. OHAKO BCe €Ile CYHIECTBYIOT MPOOJIEMBl U OTpaHHUYCHHS,
TpeOyromue BHUMAHUS, W  HEOOXOMWUMBI  JalbHEHIINE  WCCIACHOBAHWS  JUIS  TMOBBIIICHUS
npou3BoANTENLHOCTH U dpdextuBHOCTH cructeM CAIIP Ha ocHoBe MM mtst paka MOJOYHOM JKeJe3bl.
OnHOl U3 MOTCHIHAIBHBIX IMPOOJIEM ABISCTCS HEOOXOIUMOCTh B OOIIMPHBIX U Pa3HOOOpa3HbIX HAOOpax
OaHHBIX JUIA d¢dexTuBHOro o0yuenus wmogaeneit WM. Bomee toro, obecmedeHue mpo3pavyHOCTH U
MHTEPIPETUPYEMOCTH CHUCTeM aBToMaTuzupoBaHHoro mpoekTupoBanus (CAIIP) ma ocmoBe WU
KU3HEHHO BAKHO ISl 3aBOCBAHMA JOBEPUS MEIUIIMHCKUX PAOOTHHWKOB M TMAIMEHTOB. Pernenne 3THx
npobieM moTpedyeT COTpYIHHYECTBA MEKAY MCCIENOBATENIMH, BpayaMHd M OTPACIeBHIMU HapTHEPaMHU
JUTSL CO3IaHUsS MOIIHBIX M HanexkHbIX cucteM CAIIP nns AMarHOCTHMKU paka MOJIOWHOM xenessl [19].
[Ipeonones atu npensitctBus, M MoxeT npeoOpazoBarh 0071aCTh PAJHONIOTHH U YIYUIIHTE PE3YJIbTaThI
JIeYeHHs MAIIMEHTOB C PAKOM MOJIOUYHOH JKEJEe3bl.

B oGOmactu uccinenoBanuit MM B oOmacty paka MOJIOYHOW kene3bl JUAUpyIoT CoeluHCHHBIS
Irare1, 3a xotopeiMu cieaytor Kurtait m Wumusa. Coemunennsie IlTaTel muampyioT 1mo oOmemy
KOJINYECTBY ITUTUPOBAHUI, B TO BpeMs kak Benrpus u Hunepnanasl UMEIOT caMblii BBICOKHH CpeaHUN
MmokasateNb IuTUpoBaHus B roxa [20]. M3BecTHEIME aBTOpaMu B 3TOW 00JacTH sABJISOTCH ['apBapickas
MEIHUIMHCKas IKoja. M3ydenue mopened wucciemoBanuid MM B o0macTh paka MOJOYHOH JKeIE3bI
nmoka3eiBaeT, uto PLOS ONE m Computer in Biology and Medicine SBISIOTCS KIIOYCBBIMH
nyOonukamusiMy.  Scientific  Reports Takke wurpaer BaXHYI0 poOJb B MAaTOJOTMU OIYXOJEH C
ucnonb3oBanueM WU. Lecture Notes in Computer Science uMeeT caMylO BBICOKYIO COBOKYITHYIO CHITY
CCBUIOK. DTH KYPHAJIBI OIyOJIMKOBAIM MHOKECTBO CTaTeH IO MAaTOJIIOTHH OIYyXOJIEH C MCIIONb30BAHUEM
WU, uro ykaspiBaeT Ha pacTyIIMd MHTEPEC K ATOH 00JacTH. AHAIN3 KIFOYEBBIX CIIOB BBIJICNISCT TAKUE
TEMBbI UCCIICIOBaHUH, KaK «HUCTOMATONIOTHS PaKa MOJIOYHOMW JKEJEe3bl», «CBEPTOUYHASI HEHPOHHAS CETh» U
«TUCTOMATOJIOTHYECKOe HW300pakeHne», Tpeiuiaras MOTEHIMANbHbIE HANpaBiIeHUd i Oyaymmx
HCCIIEA0BAHUMN.

[Morenmman MW B nuarHOCTHKE paka MOJIOYHOW KeJe3bl paclpoCTpaHseTCs Ha YTOYHEHHE
MIPOTHOCTHYECKOH KJIAaCCU(UKAIMH IS MOBBIIICHUS TOYHOCTH JICYCHHUs, IOCKONIbKY ocHOoBaHHas Ha MU
OIIEHKA paka MOJIOYHOM JKeJIe3bl MOKET IOMOYb ITPEO0I0IeTh OTPAaHNYEHHUS YeTIOBEUECKOM OlleHKH. boree
Toro, pa3pabotka cucrem MU, takux xak mnatgopma MEAI nist BelsiBieHUs TUM(AaTHUIECKUX Y3JI0B U
OTHAJICHHBIX METAcTa30B MPH MEPBUYHOM paKe MOJIOYHOH >Kene3bl JeMOHcTpupyeT moteHuman MU mis
MOBBIIIIEHUST TOYHOCTH CTaJAMPOBAHHMA UM TPOTHO3MPOBaHHA paka. CHCTEeMBI aBTOMATH3MPOBAHHOTO
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npoextupoBanust (CAIIP) na ocHoBe UM mpopeMOHCTpUpOBanM MOTEHHUAN B KiIacCH(UKAIMHA paka
MOJIOYHOM JKENe3bl, HCIOJIb3Ysl METOBl MAIIMHHOTO OOYYEHUS U TIIyOOKOro OOydYeHUs JUIS COACHCTBUS
paHHeMY BBISBICHHIO. B pasmuYHBIX HCCIEMOBAHMAX HW3Yy4YalOCh HCIOJIB30BAaHUE Pa3TUIHBIX
9KCTPAKTOPOB MPU3HAKOB M KIACCH(PHUKATOPOB B STHX CHCTEMaxX. B OHOM Hccle0oBaHUN CpaBHUBAIACh
MPOU3BOAUTEIHLHOCTh TAKUX apxXUTEKTyp, kKak VGG-16, VGG-19, Xception, ResNet50, Inception-V3 u
Inception-Resnet-V2, mpu mnarHocTuke paka MOJIOYHOM JKeJIe3hI.

B napyrom wuccnemoBaHumu ObLia TpelUiokeHa aHcamOeBass MOJETb, WCIONB3YIONas TEXHHKY
CTCKUPOBAaHUS C JIOTHCTUYECKOW perpeccuell B KadeCcTBE METaMOJACIH W YETHIPbMS aJTOpPUTMaMHU
MAalIMHHOTO OOy4YeHHs (IEPEeBO PEIECHUM, CIy4YailHBIN Jiec, PKCTPEMalbHBIN TPaJUCHTHBIH OYCTHHT U
aIanTUBHBIA OYCTHHT) B KauecTBe 0a30BBIX MOACNCH. JTa aHcaMOieBas MOJETHL IPEB30ILIa 0a30BbIC
MOJIeTH, OCTUTHYB TouHOcTH Ooiee 98% u tounoctu 100%. Otu CAIIP Ha ocHoBe MU oOmanmaror
MOTCHIIUAIOM JUIsl TIOBBIIICHHUS TOYHOCTU M A(PGEKTUBHOCTU 3373y KIACCU(PUKAIUU paka MOJOYHON
JKEJe3bl, OKa3blBas IICHHYIO TMOJJEPXKKY PEHTICHOJNIOTaM B TPUHSATHH pEIICHWH, CBA3aHHBIX C
JTUATHOCTHUKOH U JICUCHUEM.

Kpome toro, CAIIP na ocHoBe MU moka3zanu ceOsi MHOrOOOCIIAIOIIMMHI B OOHAPYKEHHH paka
MOJIOYHOHM JKeJe3bl, HCIONB3ysd MOZENN TIIyOOKOro oOy4eHus [js aHanmm3a MaMMOrpadHuyecKux
Mm300pakKeHW ®W ToMoras B paHHeH amarHoctmke. OHHM  MOTYT TOYHO OOHapyXHWBAaTh W
KJIACCU(UITMPOBATh MUKPOKAIBITU(PUKAIIUY, CBA3aHHBIC CO 3J0KAYECTBCHHBIMH HOBOOOPA30BAHHSIMH,
mpenjaras KOHKPETHbIC aHHOTAamMu st oOnacteil kambrudukanuu. CAITP-cxembl, ucnonb3yromime
MamuaHOe 00yueHue (MO) u rimybokoe odydenue (I'O), HCTIONB30BAUCEH I YCKOPEHHS THATHOCTUKH
paka MOJOYHOW JKene3bl, Npu 3ToM mnoaxoabl ['O NpUHMMAIOT TpPSMBIE PEIICHHS Ha OCHOBE
n3o0pakeHus. HemaBHHE JOCTIKGHUS B METOAaX TIIyOOKOTO OOYYeHHWs, Takhe KaK apXHUTEKTypa
cBepTouHbIX HedpoHHBIX ceTelt (CNN) m mozens Vision Transformer (Vision Transformer, ViT),
MPOJIEMOHCTPUPOBAITH MIPEBOCXOJAHYIO TOYHOCTh M 3(QQEKTUBHOCTh B BBISIBJICHUH U JUATHOCTHKE paka
MOJIOYHOH jkene3bl. OnHaKO MPUMEHEHHE CHCTeM aBTOMaTH3upoBaHHOro mpoektupoBanus (CAIIP) na
ocHoBe MU B peanpHON mNpakTHKE MOXKET OBITh OTPAaHMYEHO H3-32 3HAYUTEIHFHOTO KOJHUYECTBA
JIO’KHOTIOJIOKUTENBHBIX PE3YIBTATOB M HEOOXOJUMOCTH JATbHEUIIIeH OIIEHKH 00IIIeil TOYHOCTH.

Ucnons3oBanue nckyccrBeHHoro uuremwiekta (M) B auarHocTuke W J€YEHHM paka MOJOYHOM
JKeJe3bl puBJickaeT BHUMaHue. Texunomoruu MU urparoT pemarmnryro posib B (pOpMUPOBAHUH Oy TyIIErO
XUPYPTHUH MOJIOYHOW JKeNe3bl W YIYYIIEHHH KadyecTBa METUIIMHCKUX YCIYT. ANTOPUTMBI TITyOOKOTO
00y4YeHHUsT JIEMOHCTPUPYIOT MHOTOOOCIIAIOIINE BO3MOXXHOCTH TOYHOTO BBISBICHHS pPaka MOJOYHOM
JKeJe3bl Ha OCHOBE MaMMOTpaMM U KIMHHYECKUX JaHHBIX, a TaKKe MPOrHO3UPOBAHUS PHUCKA Pa3BUTHUS
paka Ha TO3MHUX CTagusIX. B codeTaHWH ¢ M3MEPEHHUSIMH IUIOTHOCTA MOJIOYHOM JKEJe3bl ajJrOPUTMBI
BH3yalin3auy Ha ocHOBe MM MOTyT mpeacKa3piBaTh MHBA3WBHBIM paKk MOJIOYHOH JKeJie3bl, 0COOCHHO Ha
MO3JHUX cTaausax. MeToasl Ha ocHoBe MU Takke MO3BOJIAIOT MPOTHO3UPOBATH PAK MOJIOYHOM YKeJIe3bl 0
JAaHHBIM YJIBTPa3BYKOBOTO CKaHWPOBAHUS, YJIydlllas BBISBICHHE 3JI0KAYECTBEHHBIX HOBOOOPA30BAHMIA.
I'enetnueckoe TecTupoBaHue ¢ ucnoib3oBanueM MU momoraet BBISBISATH MAMEHTOB C BHICOKUM PHCKOM
pa3BUTHUS paKa MOJOYHOH Kelie3bl Ha OCHOBE TCHETHYECKUX MPO(UIICH, YTO TO3BOJSECT pa3padaThiBaTh
MEPCOHAIM3UPOBAHHBIC CTpaTeTMU CKpUHWHra u mnpoduuaktuku. Wuctpymentst WU momorarot
MaTOJIOTaM aHaJM3UPOBaTh OOpaslbl TKaHEW U1 BBISBICHWS NPU3HAKOB paka MOJOYHON JKeJe3bl,
MOBbIIIAg KauecTBO JuarHocTuku. MHTerpanus MM B TMarHOCTUKY W MPOTrHO3UPOBAHUE paKa MOJIOYHOU
JKeJIe3bl MOXKET MPOU3BECTH PEBOIIIOIUIO B OHKOJIOTUH U YIYUIIUTh YXOJ 32 HallUeHTaMH.
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HWH)KEHEPHO OPUEHTUPOBAHHBIE 3AJTAYH IO ®PU3UKE KAK CPEACTBO
POPMHUPOBAHMS TPOPECCAOHAJIBHBIX KOMIIETEHIINA C TOMOLIbIO
HNUPPOBBIX OBPA3OBATEJ/IBHBIX TEXHOJIOI'MU

Xuguposa /{niagopa ToxnGoeBHa
HesaBucumslii uccnenoBatenp, JPKU3aKCKUM MOTUTEXHUYECKUA HHCTUTYT
dildoraxidiroval 17@gmail.com

AnHoTtamusi: B pmaHHOW crathe omuchiBaeTcs J(PQPEKTUBHAS METOAMKA (DOPMHPOBAHHUS Y
CTY/ICHTOB PO ECCHOHATBEHBIX KOMIIETECHIIMI Yepe3 HHKEHEPHO OPHEHTHPOBAHHEIC 3aJ1a4d 10 (U3HKE C
WCTIOJIb30BaHHEM IU(PPOBBIX 00pPa30BATENHLHBIX TEXHOJOTHH. AHAIM3UPYETCS BO3MOXHOCTH CO3IaHUS
y4eOHOW Cpe/bl, OPUCHTUPOBAHHOW HA pEIICHHE OOIIETEXHUYSCKUX 3amad 10 (U3MKe C y4ETOM
MOTPpeOHOCTEH COBPEMEHHOTO HH)KEHEPHOTO 00pa30oBaHwS.

KaroueBble cioBa: mnpodeccHOHANbHAs KOMIIETEHTHOCTh, 3aja4n 1o (usnke, mudpoBbie
TEXHOJIOTHH, HHXXCHEPHOE 00pa30BaHUE, METOIUKA, CUMYJISIIUS, PaKTUIeCKas 3a1aqa.

ENGINEERING-ORIENTED TASKS IN PHYSICS AS A MEANS OF FORMING
PROFESSIONAL COMPETENCIES USING DIGITAL EDUCATIONAL TECHNOLOGIES.
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Annotation: This article describes an effective method of forming students' professional
competencies through engineering-oriented tasks in physics using digital educational technologies. The
possibility of creating an educational environment focused on solving general technical problems in
physics, taking into account the needs of modern engineering education, is analyzed.
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