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[naBHOe oT/IMUHe crcTeM HeKyccTBeHHOro HHTeekTa (M) ot mpocThix aBTOMATH3HPOBAHHBIX aJITOPUTMOB 3aK/IIOYAETCs B CMOCO6-
HOCTH K 00yueHH10, 000011eH 0 1 BbiBOY. Crcrema M oOyuaeTcst Ha MHOXKeCTBE MTPUMEPOB, BKJIOYAs CHUMKH, XapaKTePHUCTHKH
MaLMeHTOoB ¢ orpeeseHHbIM 3a60/1eBaHHeM, ajiee OHa M03BoJIsieT 0000IIUTh MHOXKECTBO TAKUX MPUMEPOB H MOJYUHTb HEKOTOPYIO
0011Lyl0 (QYHKIMOHAJILHYIO 3aBUCHMOCTb, KOTOpasi MPUBOAMT B COOTBETCTBHE JIAHHblE O NAlMEHTe W OMpENeseHHbIH JHarHos.
HMuTennekryalbHOl cucTeMa CTaHOBUTCS MPU peasiu3aluu 31oi obobLuatoleil cnocoOHoctd. Heemotpst Ha To, 4To B Hacrosilee
Bpemst tematrika MM cranoBurest Gosiee nonuMaeMoil 1 puHUMaeMol Bpauamu, HeoOxoumo Gosiee ry6oKoe NOHHMaHHe «KaK 3T0
paboraeT». B cratbe npuBomuTCs AeTasabHLIN 0630p MPUMEHEHHsT METOIOB M MOJIeJIell HCKYCCTBEHHOTO MHTe/JIEKTa B IHArHOCTHKE
OHKOJIOTHYeCKHX 3a60/1€BaH1H Ha OCHOBE JAHHBIX MyJIETUMO/Ia/IbHOH JIyueBOH IMarHOCTHKH. JIaHbl OCHOBHBIE MOHSATHS MCKYCCTBEH-
HOTO HHTEJIJIEKTA W HATIPABJIEHHsT €ro KCrosib3oBaHust. C TOUKH 3peHnsi 06paboTKH IaHHbIX 3Taribl pa3padotku ciucrem MU nueHThy-
Hbl. B craThbe paccmoTpeHbl 3Tarbl HHTE/IEKTYaJbHOH 00paGOTKH AHArHOCTHYECKHX JAHHBIX, KOTOpPblE BKJIOYAIOT CO3[aHHE
1 HCroJib3oBaHke o6ydarolux 6a3 JaHHLIX OHKOJIOTHUECKHX 3a60/1eBaHui, MPeBapUTEIbHYI0 00paGOTKy CHUMKOB, CerMeHTaLHI0
1306paKeHHi Jyisl BbIIeJIeHUsT KCCIeyeMbIX OObEeKTOB IMarHOCTHKH U KJIaCCH(PUKALIMIO 3THX 0O EKTOB JIJIs1 OTIPe/IesIeHH s, SIBJISTIOTCS
JIM OHH 3JI0KaueCTBEHHBIMH WM 100poKavecTBeHHbIMU. OpiHOl M3 npob/eM, orpaHMuMBAIOLINX MPUHATHE pa3BuTHs cucteM MM
ME/IUIIMHCKHM COOOIIECTBOM, SIBJISIETCS] HECOBEPILIEHCTBO OOBSICHUMOCTH Pe3y/IbTaTOB, TOJy4aeMbIX TPH MOMOLIN HHTEIIEKTyaJ b-
HBIX cHCTeM. B cTaTbe 3aTpoHyThI BaxKHble BOTMPOCH! pa3paboTKH 0ObSICHUTEBHOIO HHTEIEKTa, OTCYTCTBHE KOTOPOTO B HACTOSILLEe
BpeMsl CYLLLECTBEHHO TOPMO3HT BHEPEHHE M MCII0JIb30BAHHE MHTE/JIEKTYasbHbIX CUCTEM JMarHOCTHKH B MequluHe. Kpome Toro,
1eJIb CTaTbH — MyTb K Pa3BUTHIO B3AUMOJIEHCTBHST MEXKIy BPAuOM U CIEIHAJIMCTOM MO HCKYCCTBEHHOMY HHTEJIEKTY.
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The main difference between artificial intelligence (Al) systems and simple automated algorithms is the ability to learn, syn-
thesize and conclude. The Al system is trained on a set of examples, including pictures, characteristics of patients with a cer-
tain disease, then it allows to generalize a lot of such examples and get some general functional dependence, which brings in
line the patient data and a certain diagnosis. The system can be named intelligent if this synthetizing ability is realized.
Although the Al systems are now becoming more understood and accepted by doctors, a deeper understanding of «how it
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works» is needed. The article provides a detailed review of the application of methods and models of artificial intelligence in
the diagnostics of cancer based on the of multimodal instrumental data. The basic concepts of artificial intelligence and direc-
tions of its development are presented. From the point of view of data processing, the stages of development of Al systems are
identical. The stages of intellectual processing of diagnostic data are considered in the paper. They include the acquisition and
use of training databases of oncological diseases, pre-processing of images, segmentation to highlight the studied objects of
diagnosis and classification of these objects to determine whether they are malignant or benign. One of the problems limiting
the acceptance of Al systems development by the medical community is the imperfection of the explainability of the results
obtained by intelligent systems. Authors pay attention to importance of the development of so-called explanatory intelligence,
because its absence currently significantly inhibits the introduction and use of intelligent diagnostic systems in medicine. In
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addition, the purpose of the article is a way to develop the interaction between a radiologists and data scientists.
Key words: artificial intelligence, machine learning, oncological diseases, intellectual diagnostics
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UcKyccTBeHHBII MHTEIEKT: 0COOEHHOCTH peajun3a-
uuu. CTpeMuTeIbHOE PA3BUTHE B MOCJIENHHE TO/lbl METO-
JIOB McKyceTBeHHOoro uHrteiekra (M) u, B yactHocTH,
MatidHHoro obOydenusi (MO), npuBesd K TOMY, YTO
MOSIBUJIOC LIeJ10€ HalpasJieHue, CBsi3aHHOe ¢ pa3paboT-
KOH M HCIOJIb30BAHMEM HHTEJIEKTYaJbHbIX CHCTEM
B MEIHMLIMHE, KOTOPasl, KaK 0Ka3aJsoch, SIBJISIETCS] OHOM
13 HauboJsiee BOCTPeOGOBAHHBIX W MEPCHEeKTHBHBIX 00J1a-
CTell MPUMEHEHHUST U peasiudaliyisi COBpeMeHHbIX METO/I0B
MO u M. Poct uncna HaydHbIX, NPAKTHYECKHX H PeK-
JlaMHbIX NyOnKauuid Ha Temy npumenenust 1M B menu-
LMHE, TOSIBJICHHE HOBBIX HMHTEJIEKTyasbHbIX CHCTEM
¥ BO3pacTalolllMil HHTepeC K HOBbIM pa3paboTKaMm Co CTo-
POHbI MEIMIMHCKOrO COOOLIECTBa ACNAET aKTyaJbHbIM
aHaJiM3 M CUCTeMaTH3alMIO CYIIECTBYIOLIMX MOJAXOIO0B,
CBsI3aHHbBIX ¢ Ucnosb3oBanneM M. Mutepec kK nanHomy
BOMPOCY <«TOAOrPEBAETCA» HOBOCTSIMH 00 YCHElIHbIX
MOJIydYeHHbIX pesyJbraTax B psiie 3ajad, Harpumep,
B 3aj1aue IMarHOCTHKH MeJIaHOMBI, Korja 58 3KCrepToB-
JepPMaToJIoroB He CMOTJIM PEB30UTH HHTEJJIEKTYAJIbHYIO
CHUCTEMY TI0 TOYHOCTH IMarHocTHpoBaHus [ 1].

[Ipexxne Bcero, HEOOXOAUMO OTMETUTD TVIABHOE OTJIH-
une cucreM MM oT 1pyrux cylecTByIOLIMX aIrOpUTMOB.
OHo 3akstouaetcsi B ToMm, uto cucreMa MW obydaercs
Ha MHO>KECTBE NTPUMEPOB, BKJIIOYasi CHUMKH, XapaKTepH-
CTHKH MalMEHTOB C OMpeleJeHHbIM 3a00JeBaHHEM.
AddekruBHas cucrema MU nosposisier 06061IHMTH MHO-
»KECTBO TaKHUX MPUMEPOB U MOJYUUTb HEKOTOPYIO OOLIYIO
(byHKIMOHAJIbHYIO 3aBHCHMOCTb, KOTOPast TMPHUBOJUT
B COOTBETCTBHME JIAHHBIM O [MalMEHTe OIpeie/ieHHbIH
JMarHos. 1o, B CBOIO 04epellb, MO3BOJISIET VIS HOBOTO
NnauMeHTa Ha OCHOBE €ro XapaKTePUCTHK TaKkKe MOJly-
YyaTh JMATHO3 C 3aJaHHOHM TOYHOCTHIO. MIMeHHo 0606-
1iaroulast CnocoGHOCTb CUCTEM NPH 00yUEHHH Je1aeT UX
UHTeJIeKTYaslbHbIMU. [Ipu 9TOM BUL 3TOI 3aBMCMMOCTH
B OOJIbIIMHCTBE CJyyaeB HEU3BECTEH, BCJEICTBHE €ro
upe3BbUaiHON cj103KHOCTH. OCHOBHOMH aKIEHT Ha 00yde-
Huu cucreM MM HU B KoeM ciiydae He OTPULIAET UCTOJb-
30BaHMsl KOMOWMHUPOBAHHOTO MOJXOMAA, KOrja Hapsity
C mpotieccoM OOydeHHUsl MPUMEHSIIOTCS OMpe/ieaeHHble
3HAHUS B BHJIE MPaBUJI, allPUOPU U3BECTHbIE M3 MEIH-
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LIMHCKOTO OMbITA U MO3BOJISIIOLIHE CYLIECTBEHHO YIPO-
CTHUTb OCTAHOBKY IMarHo3a. Takue npaBuiia coCTaBJsIn
OCHOBY JI/I51 TAK HA3bIBAEMbIX SKCIEPTHBIX CUCTEM, KOTO-
pble B CBOe BpeMsi ObljIM OJIHUM U3 OCHOBHbIX HampaBJie-
uuit pazsutusi MM, Ho B Hacrosiliiee Bpemsi YCTYMHJIH
MEeCTO CUCTeMaM, OCHOBaHHbIM Ha 00yueHuHd. K coxaie-
HHIO, HCMO0JIb30BAHHE KOMOMHHPOBAHHOIO MO/X0/a
B COBPEMEHHBIX CHCTEMAX B OCHOBHOM OIPaHMYMBAETCSI
TEM, UTO CYLLECTBYIOLIHE PABUJIA BKJIIOYAIOTCS B CTPYK-
Typbl IAHHBIX O MALMEHTAX B BUJIE OTAEJIbHBIX aTPUOYTOB
WM TIPU3HAKOB, YTO CBOIAMTCS K MPOCTOMY OOY4EHHIO.
Tem He MeHee UMEHHO KOMOWHALMST Pa3/IMUHbIX MOJXO-
JIOB MOXKET CTaTh B Oy/1yllleM OCHOBOH Jjist GoJiee spdek-
THBHbIX cucteM MM kak B menuiumHe, Tak W B ApYyrux
NPHUKJIAIHBIX 00/1aCTSAX.

Jnarsoctuka v nepcoHalu3upOBaHHAS MeIMIMHA:
JBA OCHOBHbIX HaNpaBJeHUs] UCMOJb30BAHUS UCKYC-
CTBEHHOro MHTe/ueKTa. CUcTeMaTH3aUMo WK Kiac-
cucuxaumio cucrem MM B MemuiHe MOXKHO HauaTh
C BblIe/I€HHS] IBYX OCHOBHBIX HJIH [100aJIbHBIX HaMpaBs-
JIeHHH pa3pabOoTKh MeTOoHoB W ucnoJjb3oBanus MU,
K nepsomy HampaB/jieHHIO OTHOCHTCSl JAHATHOCTHKA
3a00JIeBaHUi Ha OCHOBE HHTEJJIEKTYaJbHOIO aHasiu3a
JIAHHBIX O TALMEHTE, KOTOPBIH BKJIOUAIOT Pe3yJ/bTaThl
komnblotepHoi Tomorpacuu (KT), maruutHo-peso-
HaHcHou TomMorpaduu (MPT), ynbrpasBykoBoro uccJe-
noBanusi (Y3M), No3UTPOHHO-9MHUCCHOHHOH TOMOrpa-
¢uu (I13T), snekrposnuedanorpacdun (IIAI'), Kanuu-
UeCKHX aHaJM30B, aHaMHe3a MNallieHTa, ero reHeTuue-
CKOro aHaJ/li3a, T.e. COBOKYMHOCTH JIIOObIX AAHHBIX,
KOTOpble Obl MO3BOJIU/INA NIPUHUMATh pelleHue o 3a00-
JIEBAHHM C OMNpeaeseHHOH BeposiTHOCTbIO. OcHOBHAs
3anaua ucrosbsosanus MM B pamkax nepsoro Harpas-
JIEHHUST 3aKJo4aeTcss MMEHHO B MOCTAHOBKE JMAarHosa.
CerogHst OHO §IBJISIETCS] OCHOBHBIM, UTO CBSI3AHO, TIPEXK-
Jle BCEro, ¢ BO3MOXHOCTbIO MOJlydeHHs GOJbLIOTO
oObeMa JJaHHbIX MALKMEHTOB Mo 3a00JeBaHUsIM U BO3-
MOKHOCTBIO Ha MX OCHOBe OOyYeHMsl MHTEJJIeKTyallb-
HbIX cucTeM. K HacrosiieMy BpeMeHH HaKOMUJOCh
OTPOMHO€ KOJIMUECTBO CHUMKOB, H300paKeHUH, ucce-
JIOBAHWH, XapaKTepU3YIOUIMX MallHeHTOB C TeM HJIH
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UHbIM 3a0osieBanueM. lpyrast npuunHa ObICTPOro pas-
BUTHSI 3TOTO HANpaBJeHHsl — COBEPLIEHCTBOBAHHE
MeTOA0B 00pabOTKH H300paKeHUH U pacro3HaBaHUsI
00pa3oB ¢ MpUMeHEHHEeM TaK HA3blBAEMOro MyGOKOro
00yueHHs, uTo sABJsAeTCst 6a301 /11 ABTOMATH3HPOBAH-
HOW auarHocTHkH ¢ ucnovbzoBanueMm KT, MPT, Y3,
[19T. PesysbraThl HCMOB30BAHUS H TECTHPOBAHMUS yoKe
paspaboTaHHbIX CUCTEM [TOKA3aJ1, YTO UHTEJIIEKTyalb-
Hble cucteMbl auarHoctuku (MICJL) criocoGHbI 0GHapy-
JKUBATh M KJAaccu@UUMPOBATL psifl 3abojieBaHUi,
HanpuMmep, MeJaHOMy, Ha YpOBHe Mpo(ecCHOHaNBLHOTO
Bpaua. ATo TaKxKe SIBJSIETCS CyLLIeCTBEHHOH MOTHBALU -
eft mis 6bictporo pazsutus MCJI pasnnunbix 3a6ose-
BaHuH. BesenctBue 1OMHHUPOBAHMS AMArHOCTHYECKOTO
HanpasJsenusi npumenenus MM B mequuune ocHOBHOM
AKUEHT B IAHHOH cTaThe OyleT clieslaH UMEHHO Ha HeM.
BTopbiM 0CHOBHBIM HarnpaBJjeHreM pazpadoTok MK
B MEJHUIIMHE SIBJISIETCS OMpeae/eHHe ONTHMaJbHOTOo
JICUCHHs, BKJIIOYas BbIOOD ONTHMAJbLHOH JIO3UPOBKH
JIEKAPCTBEHHBIX CPEJICTB, BbIOOP ajropuTMa JAuarHo-
CTHKH M pexkuma JjiedeHusi U T.J. OHO OPHEHTHPOBAHO
Ha KOHKPETHOrO MallieHTa C yueToM ero nepcoHalbHbIX
XapaKTepUCTHK, pe3yJ/IbTaToB aHaJM30B, JIHAarHOCTHYE-
CKMX MCC/ICIOBAHUH U SIBJISIETCS] peasi3alell KOHLer -
UMK NepcoHaNUM3npoBaHHOW Meauuuubl. [lo cyTw,
¢ TOUKH 3penusi mMetonoB MW, nannoe nanpassenue
HHYEM He OTJIMYAETCsl OT TepPBOro HampaBJeHus, Tak
KaK TaKKe pellaeT CTaHAApTHble 3aaud MalllMHHOTO
oOyueHusi, Harnpumep, 3amayu KJaaccudukaluu
1 perpeccun. OnHaKo 3a1a4u BbIGOpa ONTHMAJLHOTO
Jle4eHHs1 HaMHOTO CJIO)KHee H, IJaBHoe, TpebyloT
OrpoMHOro o6bema ob6y4arollUX JaHHbIX, KOTOPBIX,
K coxKaJleHHW1o, B HacToslllee BpeMsl Jajieko He JocTa-
TouHo. BoJjiee TOoro, Mo MHOrUM BHAAM JIEYEHHs], OCO-
OEHHO HOBBIM, MX TPOCTO HET, YTO CYLIECTBEHHO
3aTPyJHSIET pa3BUTHE HHTEJICKTYaJbHbIX CHCTEM, CBSl-
3aHHBIX C 3THUM HarpasjieHHeM. MoxKHO yTBepKIaTh,
YTO OHO CETOHSI HAXOAUTCS (haKTHUECKH Ha HAayaJlbHOM
JTane CBOEro pa3BuTHsl. TeM He MeHee CTpeMUTE/IbHOEe
pasBUTHE OCHOBHBIX KOMIIOHEHTOB LHM(POBH3ALNH
MEIMLMHBI, 0COOEHHO B TJIaHEe peanu3alyH 3J1EeKTPOH-
HbIX UCTOPUH OoJie3Hel, XpaHeHHsT OOJbLINX 00bEMOB
JIAHHBIX O MalueHTe, obliee NMOHUMaHHEe HEeOoOXOIHMO-
CTH W Ba’KHOCTH LM(DPOBU3ALNH, IEJNAIOT E€PCHEKTHBbI
pasBUTHSI BTOPOro HarnpasJjeHus 6oJiee sIBHBIMH.
WHTennekTyanbHble CUCTEMbl IMAarHOCTHKU: KJjac-
cudrKauusi, OCHOBHbIE MOAXO/bl, 3TalNbl HHTEJIEKTY-
albHOI 00paboTKK aaHHbIX. [IpenBapuTenbHblil aHa-
Ju3 GoJbinHeTBa cyiiectBytomnx MCI mokasas, uto
MHOTHE M3 HHX CXOXKH C TOYKHM 3PEHMsI PHUMEHSIEMbIX
metonoB MU 1 ¢ Toukun 3penust ocHoBHBIX 3TanoB o6pa-
60TKH 1aHHbIX. 1 mosTomy, npexnie Bcero, He0O6XOAUMO

!'lunal6.grand-challenge.org

2 wiki.cancerimagingarchive.net/display/Public/CPTAC-CCRCC

3 chaos.grand-challenge.org/Data/

paccMoTpeHHe HauboJiee UHTEPECHBIX MOAX010B B MPH-
meHennn MW st iuarHocTvkn oHKoJIOrHuecKux 3a60-
JIEBaHWH, a TAKXKE TUTOBBIX 3TaroB 06paboTKu UHGOP-
matnu 1 asemenToB MCJl. OcHOBHbIE THTOBBIE 3TAMbI
BKJIIOUAIOT: CO3/IaHHe WJIK UCIOJIb30BaHue 6a3 o0yyalo-
LIMX JaHHbIX, MPeIBAPUTE/IbHYI0 00pabOTKy AaHHBIX,
CerMeHTalMIo M KJaaccUpUKaluuio HOBOOOPA30BAHHUH.

bBa3bl oOyuarowmx aaHHbIX. [J1aBHBIM 3J1€MEHTOM
moboit UCJI, 6e3 KOTOpOro HEBO3MOXKHO OOyueHHe
CHUCTeMbI, SIBJISETCS TIpexie Bcero 6aza oGydaiolinx
JIAHHBIX, T.e. MHOXKECTBO CHHMKOB, 00pa3lloB, NpHUMe-
pos, npu nomown koropbix MCIL oOydaercsi, T.e.
HACTPAUBAET CBOW MApaMeTpbl TAKUM 00pasoM, YTOObI
NpH [OSIBJEHUH Pe3yJbTaTOB 00C/Ae10BaHHS HOBOTO
nauuenta MCJ] morna 6b1 pabotaTh B pezKHMe TeCTHPO-
BaHUS M ONPeNessiTb COOTBETCTBYIOLIMH JMArHos.
B Hacrositiee Bpemsi /11 pa3/iIMuHbIX OPraHOB M CIIOCO-
60B IMArHOCTUPOBAHMST COOPaHbI OTKPBITbIE H 3aKPbIThIE
6a3bl 1aHHbIX. OTKpBITHIE 0a3bl, pa3MellleHHble B HHTEP-
HeTe, B OCHOBHOM MCIOJIb3YIOTCS JUIsl CpaBHEHHsI pa3pa-
H6arbiBaeMbix MC/I ¢ ToUKM 3peHHst TOUHOCTH JIMATHOCTH -
poBanusi. Tax, 15t IUAarHOCTHKH pPaKa JIErKOro HCMoJib3y -
etcsi 6aza LUNA16! u LIDC [2]. /1151 AMarHOCTHKH Oy -
X0JIM Mo3ra ucnosib3yercs 6aza BRATS 2015 [3], paka
neueHn — 6asa LiTS [4], mosouHol kene3bl — Gasa
Y3U BUS [5], menanombl — ISBI 2017 [6], mouek —
6aza CPTAC-CCRCC?, a takxke 6asbl KT u MPT3,
npezcratenbHol xxesesbl — PROMISE2012 [7]. UC
IS IMATHOCTUKH MeJIaHOMbI, NPEJICTaBJIEHHAsT B U3BECT-
Hol pabote [l], oOyuajach Ha jaaHHBIX H3 6asbl
HAMI10000 («Human Against Machine with 10000
training images» ) [8].

IT0 MaJsasi 4acTb BCeX OTKPHITbIX 6a3 JaHHBIX JIisi
00y4eHHs1, TOJIydEeHHbIX /151 Pa3/IHUHbIX OPraHoB U pa3-
JIMUHBIX METOoflaX MccseloBaHus. B Hacrosiliee Bpemst
Ha OTKPBITBIX cafiTax MMeeTcsi OOJbLIOE KOJIHYECTBO
6a3 1aHHbIX, KOTOPbl€ MOKHO HCIOJIb30BATh IS CO3/1a-
uus cucrem M4,

3akpbiTble 6a3bl JAHHBIX HCIIOJIB3YIOTCSI B OCHOBHOM
1l 0OydeHHsl CHCTEM, OPUMEHTHPOBAHHBIX HA OIpejie-
JIeHHbl€e PYMIbl TALUEHTOB, OJM3KHE M0 XapaKTePUCTH-
KaM K TeM, UbM CHUMKH cojlepakaThcsl B 6ase JaHHbIX.

[IpensapurenbHas ob6paboTrka CHUMKOB.
[Ipakruueckn uu onna MCJL He o6xonutest Ge3 npenpa-
pUTeNbHOH 00pabOTKM AAHHBIX, K KOTOPBIM MOXKHO
OTHECTH CHUMKH, BHeopsiabl U T [lpensapuresnbHas
06paboTKa NpU3BaHa «OUUCTUThL>» JIaHHbIE OT (DAKTOPOB,
KOTOpbl€ MOTIYT 3HAUMTEJBbHO YCJOXKHUTH JasibHeHIIne
9Tanbl U CHU3UTb TOUHOCTb MPUHSTHSI peLeHUH (LLIyMbl,
BBIGpOCH). [Ipyrumu cjioBamu, npeiBaputesibHas oopa-
60TKa <«MOArOTABJWBAET» JlaHHble TakKUM 006pasom,
uToObl MX JaJibHellllee HUCMOJb30BaHHe (CerMeHTaluu

4 BosbIioe KomMuecTBO OTKPEITEIX BJI MOYKHO HafiTH Ha cafitax: www.iccr-cancer.org/datasets, www.nih.gov, healthdata.gov/data-

set, portals.broadinstitute.org/cgi-bin/cancer/datasets.cgi
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M KJaccu(HUKaLKK) MO3BOJSIO Obl MOBBICHTb 3(deK-
TUBHOCTb COOTBETCTBYIOLLMX nNpolienyp. Hanpumep,
na cuumkax KT sierkoro o6bluHO ynansiorest 1edekThl,
BbI3BaHHbIE HU3KOH KOHTPACTHOCTBIO, a TaKkKe OTje-
Jsietcst 06J1aCTb HCCJeN0BaHUsT (JlerodHasi TKaHb)
OT JIPYTMX OPraHoB W TKaHeH IPyIHON KJIETKH (opraHbl
CPEIOCTEHHUS], MATKHE TKAHW TPYJHON CTEHKH, KOCTHbIe
CTPyKTYypbl). OCHOBHBIMH METO/IaMH, HCMOJIb3yeMbIMH
Ha 3Tane npeaBapuTesbHOd 006pabOTKH, SIBJISIOTCS
(usabTpaLKs PEHTIeHOBCKOH MJOTHOCTH M0 LIKaJje
XayHcduana, ¢uastp Bunepa, 6bictpoe npeobpasoBa-
Hue Pypbe, BeilBieT-peoOpa3oBaHHe W MHOTHE JpY-
rue. Boibop MeTomoB mpenBapuTesbHON 06paboOTKH
TaKKe 3aBMCHT OT CMOco0OB AMAarHOCTHpOBaHusl. Tak,
Hanpumep, npu ucnogbzopanud MPT npencratenbHol
JKeJle3bl BBIMOJHAIOTCS TPU MPOLIEYPbl NPEABAPUTEb-
Holl 0oOpaboTku. [lepBasi mpolenypa — craHmapTHsa-
1Hs1, KOIa U300paKeHHs!, TIoJydeHHbIE ¢ Pa3IHYHbIMH
napaMeTpaMu, WHTEPHOJUPYIOTCS JI0 OMNpeaeSeHHOro
paspelueHusi. Bropasi mpolleiypa — ouMcTKa odyara
MopaykeHusi MyTeM NpuMeHeHUst uabTpalln. TpeTbs
npoueaypa — yjaaneHue U3 obydarolux JaHHbIX CIyya-
€B C HH3KHUM KadecTBOM H3ob6paxkenus. Ilpyroii mpu-
mep — MPT npsimoii KMIIKK, KOTJIa B KauecTBe MpejiBa-
pUTENBbHON 00pabOTKK MPUMEHSITCSI METOJl BbIPABHUBA-
HHUSI TUCTOIPaMM, B COOTBETCTBHH C KOTOPBIM BCE YPOBHH
SIPKOCTH TIPUBOJISITCS K OIHOW 4aCTOTe.

[Ipu ucnosib30BaHUM CBEPTOUHBIX HEHPOHHBIX CeTel
(CHH) st knaccuukauyu U cerMeHTalyi u3oopae-
HHI B KayecTBe IMpeiBapUTEIbHOM 06paboTKH Mepes Hx
0OyueHHEM HCIOJb3yeTCsl MpoLefypa <KOMHPOBAHUS»
M300paXKeHHH WM yBeJHdeHusl UX uucaa (augmenta-
tion) myTem U3MeHEHHsT KOHTPACTHOCTH, SIPKOCTH, PE3KO-
CTH, Pa3MepOB C MOCELYIOUIMM BpallleHHEM U KaJIpHpo-
BanueM. [lesb Tako# mpenBaputenbHOR 06paboOTKH —
MCEeB0-yBEIMUEHHE KOJIMUeCcTBa OOYHaOLMX JAHHbIX.

Cermenrauusi. Cyeytolium s1anom o6paboTKH 1aH-
HbIX TPAKTHUYECKH ISl BCeX CrocoGOB AMAarHOCTHPOBA-
HHUS1 ¥ pa3J/IHUHbIX OPTAHOB SIBJISIETCS CerMeHTaLHs H300-
pakeHui. DTOT 3Tanm He uMeeT cMmbicaa, ecan MCIL
UCNo/b3yeT HHPOPMALUIO O NalneHTe 6e3 HarHoCTH-
uecknx u3o0pazkeHni. OCHOBHas LieJlb CerMeHTalul —
BbIJIe/IEHHE Ha CHHMKAax MHTepecylolHxX Hac obsacred,
a UMEHHO HOBOOOPA30BAHUI, KOTOPbIE 3aTeM HEOOXO/IH -
MO KjaccuduuupoBatb. Takol Moaxon cylllecTBeHHO
YIPOLIAET MPOLIECC aHAIN3a CHUMKOB, TaK Kak JaJbHei -
wasi ux o6paboTKa MOJHOCTbIO KOHUEHTPHPYETCS
Ha BbIEJEHHbIX 00JIACTAX HOBOOOPA30BAHWUU W He
3aTparuBaeT OCTaJjbHble KOMIIOHEHTBbI HCCJIeLyeMbIX
opranoB. OyiHa U3 OCHOBHBIX CJI02KHOCTEH TPH pelleHuH
3a1aul CerMeHTalMH 3aKJ/I04aeTcsl B TOM, YTOObI OTJH-
UUTb NaTOJOTHUYECKMe W aHATOMHYECKHE CTPYKTYpbI.
Tak, Hanpumep, OCHOBHBIMH HCTOYHHKAMH OLLIMOOK TIPH
CerMeHTaLMH JIETKOTO SIBJSIOTCS 00pa3oBaHusl, MpuJe-
JKallKe K KPYMHbIM cocyiaM, peGepHoil nieBpe, cpejo-
crenuto, adparme [9]. Kpome Toro, masibie o6pazosa-
HHUST TPYHO OTIEJSATH H3-3a OrpaHHYEHHOH IMCKPETH3a-
MM, ucnogb3yemolt 171st uzoopaxkenust KT. [Tpu Hu3kom
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paspetuennn KT onnH Bokces1 MOzKeT 0XBaThiBaTh OoJiee
OJIHOTO THIA TKAHH, YTO MPHUBOAUT K YCPEIHEHHIO COOT-
BETCTBYIOLLUX 3HAYE€HWH MHTEHCHBHOCTH.

Muorue cyuwectsytome MCJ orpanuuuBatorcs
TOJIBKO CerMeHTallMell U MpeloCTaBsiioT Bpauy camo-
CTOSITEJILHO OMPENEIATh THIl HOBOOOPA30BaHHUS, YKA3aB
COOTBETCTBYIOLLYI0 006J1acTh nopaxeHusi. st oleHKH
KauecTBa cerMeHTalMH 0ObIYHO MCMOJb3YeTCs oKasa-
tesb Dice, KoTopblil npeacTaBsieT co60i OTHOLIEHHE
nepeceyeHuss U 0ObEAUHEHUST JIByX MHOMKECTB IMHUKCe-
Jlefl — MHOXKeCTBa pa3MeueHHbIX MUKCeeH, OXBaTbl-
BAIOLIMX HOBOOOPA30BaHHE, W MHOXKECTBA IMHKCEJEH,
MOJy4eHHbIX B pe3ysbTaTe CerMeHTaUuuH. IDTOT ke
noKasare/ib MCMOJIb3yeTcsl KaK LiesieBast PyHKUMS st
00y4eHHs1 HEHPOHHOMN CETH, €CJIH CerMEHTaLUs HCTOJb-
3yeT yboKoe o0ydeHue.

OOGbIuHBIA MOAXOM, /151 GOJBIINHCTBA CPEJICTB JIUar-
HOCTHPOBAHHSI 3aKJ/I04AETCsl B CTAHAAPTHOH 06paboTKe
1300payKeHUH UK B CerMEHTAllUKM Ha YPOBHE BOKCeJIeH
MyTeM aHaJiM3a U3MeHEeHHUs] HHTEHCHBHOCTH U300pazke-
HHUSI U IPU3HAKOB, CBsi3aHHbIX ¢ hopmoti [10]. K mero-
JlaM CerMeHTallMK CJe/lyeT TakKe OTHECTH METOJL MHO-
JKECTBEHHBIX TMOPOrOB CEPOro, METO/Abl Ha OCHOBE
(hopMbl, MeTO/IbI (PUBTPALMK U TTOAXO/bI, HCMOJB3YIO-
e Mopdosiornieckue NpU3HAKH, METO/IbI, OCHOBAH-
Hbl€ Ha KJIaCTepU3alluK, METO/Ibl paspesa rpaca u MHO-
rue apyrue. B psine monesneil cerMmeHTaluuu, Hanpumep,
MPT w™osra, yuutbiBaeTcs anpuopHas HHPOpMaLus
00 OTHOCHTEJIBHOM PacroJioXKeHHH OMyX0JIeBbIX CTPYK-
Typ B OopraHe, HaripuMmep, B3aUMOCBSI3H MEXKLy OMyXO-
JIEBBIMH  CTPYKTYpPaMH, OTEKOM, HEKPOTHUECKHMHU
yyactkamu onyxoJiu [4, 11].

[IpuBesneHHble MeTONBI 00paGOTKM HM300parKeHUH
MCIOJIb3YIOTCS JIs1 CEMMEHTAlMK OMMyXoJiel MnpakTHye-
CKH BO BCeX opraHax.

OrnnunTenbHasi  0COGEHHOCTL  MepeurcyeHHbIX
BbILIE€ METOJ0B CEIMEHTALMH 3aKJ/IOYaeTcsi B TOM, YTO
OHM 110 OOJIbLIOMY CUETY He SIBJISIIOTCS] MHTeJIeKTyallb-
HBIMH, T.€. TOJACHCTEMA CerMeHTalUMH He obydyaercs
Ha NpuMepax, a UCIoJb3yeT XKeCTKHE aJropuTMbl 06pa-
60TKH nzo6paxkenun. OTcyTcTBIE 0OYUEHHS HA IaHHOM
ITare HMMeeT CBOM MPEUMYLIeCTBA WU HELOCTATKH.
[IpenmyliecTBOM, Mpexe BCero, siB/sieTcst OTCYTCTBHE
3aTpaT BpeMeHH Ha 00yueHHe W HACTPOKKY NapaMeTpoB
NpoLeypbl cerMeHTalu. Kpome Toro, HepocraTtoyHoe
KOJIMYeCTBO 00y4alolMX MPUMEPOB TaKKe He MrpaeT
POJIH U151 TAKUX METO/IOB cerMeHTauuu. B To ke Bpems
B MpolLiecce sKCIIyaTaldd BpeMst 00pabOTKH CHUMKOB
MOXKeT ObITb CYLLECTBEHHO OOoJibLIe, YeM MPH UCIOJIb-
30BaHHM MHTEJJIEKTYaJbHbIX aJropuT™MOB. Takeke nadje-
KO He BCerja 3apaHee MOXKHO y4eCTb BCEe BO3MOXKHbIE
0COOEHHOCTH HOBOOOPA30BAHUH B COOTBETCTBYIOLLMX
peasiu3aLmsx aJropuTMOB, YTO CHHKAET BO3MOYKHOCTh
KOPPEKTHOH CerMeHTalut, ocOOeHHO, NPH MOsIBJAEHHUH
KaKUX-J1100 HeoObluHbIX 00beKTOB. M nostomy napais-
JISJILHO CO CTAHAAPTHBIMUM MeToiaMu 00paboTKH H300-
paXKeHUH B LIeJISIX CerMeHTaluuu B MocjeaHee Bpems
CTPEMHTEJIbHO Pa3BUBAIOTCS MHTEJJIEKTyasbHbIE aJro-
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PHUTMBI, KOTOpble 00y4aloTcst Ha OOJIbILIOM KOJIHYECTBE
npumMepoB. OcHOBY OGOJIbLIMHCTBA TAKHX aJrOPUTMOB
CerMeHTAalllH COCTaBJIAIOT ClelHabHble NTyOOKHE Hell-
POHHbBIE CETH, OPUEHTUPOBAHHbIE HMEHHO Ha pellieHHe
3aja4y CerMeHTalHH.

MHTEepecHO OTMETHTB, YTO MPOMEKYTOYHBIM HHCTPY-
MEHTOM JIJI51 CEFMEHTalMKU MEKLy CTaHIapTHONH 06paboT-
KOH M300paKeHUH U [IyOOKUMH HEHPOHHBIMH CeTSMM
SIBJISIFOTCS] TAK HasblBaeMble ciydaiiHble Jjieca [12], crio-
COOHOCTb KOTOPBIX CeITMEHTUPOBATh OblJ1a YCNELIHO Mpo-
JIEMOHCTpUpOBaHa B psae nybaunkauuh. CoydaidHbiH
Jlec — 3TO OJMH M3 Haubosee 3(hPeKTHBHBIX KOMIMO3H-
LIMOHHBIX METOI0B MAILIMHHOTO 00YYeHHsI, KOTOPLIH Obl1
YCMELIHO HCTOJIb30BaH /IS CErMEHTALMK 3/I0Ka4eCTBEH -
HOH renaToMbl, /ISl CETMEHTALIMK paKa JIETKOro, OIMyXo-
Jiel Mo3ra, JI/1s1 paka MoJIoYHOH »kes1e3bl. CiiyyaiHblil jiec
uMeeT psifl npeumylectB. [Ipexkne Bcero, oH HMeeT
MaJioe YUCJIO MapaMeTpoB, YTO JieJaeT ero MpUBJeKa-
TeJIbHbIM, 0COOEHHO MPH MaJIOM YHcsie 06yyatolyX 1aH-
HbiX. CJlydadiHbli lec MOXKeT paboTaTh C MPOIMyLIeHHbIMHU
naHHbIMH. CJle/lyeT OTMETHTh, YTO B HACTOsIlee BpeMst
TaK:Ke HHTEHCHBHO Pa3BMBAETCS HarpaBJeHHE, CBA3aH-
HOE C KOMITO3ULIMEH CTy4alHbIX JIECOB, KOTOpast HA3bIBa-
ercst y6okuM Jiecom [ 13, 14| u siBnsieTcst onpenesieHHOH
AJIBTePHATUBON [VyOOKUM HEHPOHHBIM CETSIM.

B nocsennue roapl GOJIBIIMHCTBO pa3pabOTOK aJjiro-
PUTMOB  CerMEHTHPOBaHHSI ObLIO  COCPEIOTOUEHO
Ha MCMOJb30BAHUM TMyOOKMX HEHpPOHHBIX ceTel. Kx
OCHOBY cocTtaBJsiiorT cBeprounble cetn (CHH) [15],
KOTOpbIE OPraHU30BaHbI TAKUM 06pa3oM, 4To H306pazke-
HHE TPOXOAMT PsIL THIOBBIX YEPELYIOIIUXCSl 3TanoB
006paboTKH, K KOTOPbIM OTHOCSITCSI CBEPTKA ( BblIeeHHe
ornpeJie/ieHHbIX TPU3HAKOB Ha U306pazKeHHH, HarIpUMep,
KOHTYPOB OOBEKTOB HJIM 3JIEMEHTOB C BbICOKOH MJIOT-
HOCTBIO ) M MyJIUHT (COKpallleHHe pa3MepHOCTH U BblfieJie-
HHe HauboJiee 3HaUMMBbIX TIPU3HAKOB HA U300PAXKEHHH ).

OnHoit u3 HanbGosee MomyJsipHbIX CerMeHTallHOHHBIX
HelpoHHbIX ceTell sBasieTes SegNet [16]. Cerb cocTout
M3 JIByX yacTeil, KOTOpble YCJOBHO MOKHO Ha3BaTb
koziepoM 1 nekonaepom. Komep — o6bunas CHH cets,
KOTOpast MPEJICTaBJIsieT BXOAHbIE JAHHbIE B C2KATOM BH/IE
B BHJIC COBOKYIHOCTH KapT HauOoJiee 3HAYUMbIX MMPH-
3HaKoB. BTopast yacTb, AeKoaep, KaK pa3 pellaer 3aia-
4y CerMeHTalMH MyTeM MOBbILIEHHsT pa3MEPHOCTH CKa-
ThbIX JJAHHBIX, HO TaKHM 00pa3oM, 4ToObl HA «BOcCTa-
HOBJIEHHBIX» CHUMKAax OOJIbLIOK pa3MepHOCTH OCTaBa-
Jach TOJILKO ~HHTepecylollas Hac HHpopmauus
(HaunGoJiee BaxKHbIE MPU3HAKK) B BUle 00JacTel HOBO-
00pa3oBaHuK. IDTO OCYLIECTBJSIETCS MPH [OMOLLH
MOC/IeA0BATENBHOCTH onepaluil, oO6paTHLIX CBEpTKe
v nysauury. Takum o6pa3om, cermeHTalMoHHasi Helpo-
HHasl CeThb CHaya/ja CXKMMaeT CHHMOK, YMEHbllas ero
pasMepHOCTb, a MOTOM pa3;KUMaeT ero, yBeJHYHBast
pPa3MepHOCTb, HO OCTaBJISIST TOJLKO BaXKHYIO MH(OpPMa-
M0, DTO U eCThb OCHOBHAs Wjlesl CerMeHTalMH MpH
NOMOLLH [yOOKOH HEHPOHHOH CETH.

B menblied creneny ajis CerMeHTALMU MEIULIUHCKOM
MH(OpPMALIMKM HCIONb3YeTCsl TaK Ha3biBaemast MoJIHO-

cBeprouHas HeiliponHas cetb (FCNN) [17], npunumn
(hyHKIMOHHpOBaHUsT KoTopoll Osn3ok cetn SegNet.
OnHako caMoil MomysispHON CErMeHTallMOHHOH CeThlo
B coBpemenublix MCJ spasercs U-Net [18].
ApxuTeKTypa ceTH TakxkKe COCTOUT U3 KOJepa | JIeKojie-
pa, kak u SegNet. Oco6ennocts U-Net 3aktouaercs
B TOM, UTO B JleKojlepe TIpU YBeJHUEeHHH Pa3MepHOCTH
JIAHHbIX TPUMEHSIETCsT ONepaliksi KOHKATeHAlWK C COOT-
BETCTBYIOLIMMH JIAHHLIMH B Kojiepe (0ObluHOe coeliHe-
Hue ByX cHUMKOB ). U-Net nokasas BbICOKYIO TOUHOCTb
CerMEHTALMH [PU CPABHUTEJIbHO HEOOJbLIHMX 00beMax
o0y4alolKX JaHHbIX, 4TO C/eJaJo 3Ty CeTb OYeHb
NONyJsipHOH B OMOMEAMLMHCKUX TpUJIoKeHHsX. s
06paboTKu 0ObeMHbIX H300paxKEeHUH, Hanpumep,
cuumku KT, 6bli1a Takke npenjioxkeHa HelpoHHas CeThb
3D-U-Net, kotopasi pabotaet He ¢ 1ByMepHbIMH H300-
paKeHUsIMH, KOTOpble MOryT 06pa3oBbiBaTh 3D-cHu-
MOK, a oOpabaTbiBaeT cpady oObeMHOEe M300paKeHHe
ueaukoM. CylllecTBYIOT TakxKe Jpyrue MOAHpUKALMH
U-Net nis1 cermeHTaluu MeIUMLIMHCKUX H300parKeHHH.
Jlnis cermeHTalMM HOBOOOPA30BAHUI B JIETKOM paspa-
6otana wmomudukauus U-Net ¢ wucnosb3oBannem
pexkyppentHoii cetn 3D-DenseU-Net [19].

Heo6xonumo oTMeTHTD, UTO U ipyrue rmyOboKue Heli-
POHHBIE€ CETH MCIOJBb3YIOTCS JI/Isl CerMEHTALUH MEJIH-
LUMHCKHX H300paxkeHuid. Tak mjist cermMeHTaluu HOBO-
006pa3oBaHuil B JierkoM npu HU3kono30Bod KT uenosb-
gyercsi Heilponnast cets CDWN (Convolutional Deep
and Wide Network) [20], B Tex xKe 1e/1s1X — HelipoHHast
cetb iW-Net[21]. Lnisi cermeHTauu HOBOO6pa3oBaHHil
B TleUeHU HcroJib3oBatach riybokas cetb CDNN
(Convolutional-Deconvolutional Neural Networks)
[22]. Ilns cermMeHTalmu miMombl B padote [23] 6bl10
npeayioxkeHo ucnosbzoBath U-Net u kackam U3 Tpex
riy6okux ceteil: WNet — a1 cermeHTHpOBaHUs BCeH
onyxonu, TNet — 1eHTpaqbHONH 4YacTH OMyXOJH,
u ENet — o6JsiacT KOHTPACTHOTO YCHJICHHS OITyXOJIH.
B sinteparype Tak:ke HMEIOTCS CBEEHHSI O Pa3/IHUHbIX
MOAM(UKALMSAX YyOOKHX ceTel [J1sl cCerMeHTalnu oIy -
xosmn mo3ra. [lonHocBeprounasi cetb, FCNN, 6blia
npeaioKeHa Jyisi CerMeHTalH OINyXOJM KHIIeYHHKA
[24]. Hnsi cermenTauuu cocynoB nouek Ha cuiumkax KT
Oblia MPe/IoyKeHa CerMeHTallMOHHAs HEHPOHHAsT CeTh
Kid-Net [16], a ayist cermeHTalMu OMyxoJid B MOUKax —
cetb Crossbar-Net [25].

[IpuBenenHble npuMepbl MCMOJb30BAHUS TTYGOKHX
HEHPOHHBIX CeTeH ]Il CerMeHTALMH H300parKeHHH
OXBAaTBIBAIOT TOJBLKO YacTb Bcero pagnoodpasus MCIL
Ha OCHOBE HeHpPOHHBIX ceTell. MHOrHe U3 pHUBeIeHHbIX
CHCTEM [10Ka3aJid XOPOLLHMe Pe3y/ibTaThbl TECTUPOBAHHUSI.
OnHako Hesb3sl moJiaraTbh, YTO [yOOKHE HEHPOHHbIE
CeTH SIBJISIOTCS JeHCTBUTENBLHO PaBHONPABHON 3ame-
HOU 0OBIYHBIX METOI0B 00pabOTKU H300paKeHUH, pac-
CMOTPEHHbIX BbIllle. DTH CETH UMEIOT TaKxKe psil HeNlo-
CTATKOB, [JIaBHble M3 KOTOPbIX — 3TO JJIMTEJbHOE
ofOyueHHe U HACTPoHKa CeTH, a TakKe HeOOXOAUMOCTb
Ha/uuust GOJbIIOTO 00beMa JAaHHbIX s OOydeHHs.
Kpome Toro, HoBble BUJIbI MATOJOTHI MOTYT ObITh He
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CerMEHTUPOBAHbI, €cau B oOydaroulel BbIOOpKe He
ObLJI0 TOX0XKHUX pa3MeYeHHbIX 00bEKTOB, I0TOMY I'OBO-
puTb 00 OJHO3HAYHOM MpeUMyllecTBe IIyOOKOro
o0yueHusi oka npexjaeBpeMeHHo. OueBUIHO, UTO KOM-
OUHALIMS PA3JMUHBIX MOAXOA0B MOXKET 1aTh HECPABHHU-
MO JIy4llIHe pe3yJIbTaThl.

3aBepliiasi pacCMOTpeHHe CerMeHTaluu, HeoOXOo/H-
MO OTMETHTb, UTO 3TO HauOoJiee BaxKHbIH 3Tan BCeH
MPOLIEAYPbl IHATHOCTUKH, TAaK KaK €CJIU MATOJIOTHST He
oOHapy:KeHa Ha 3TOM 3Tare, TO OHa He Oy[eT KJaccu-
(buLMpoBaHa KaK 3JI0KAauecTBeHHast WM JI0OpoKaue-
creennast. Jlist 6osbiuuHersa MICJ nHeo6XoauMoCThb
CerMeHTallM1 He BbI3bIBAET HHKAKMX COMHEHUH.

Knaccudukauus. Coenyromuii 3Tan no3BoJiser
KJIACCU(DUIIUPOBATH BbISIBJIEHHbIE HA 3Tarie CerMeHTa-
UMKU HOBOOOPA30BAHUSI B 3aBUCUMOCTH OT TOrO, Kakue
KJIacChl ObIM OMpeesieHbl B Mpollecce MOCTAHOBKH
3a1ayu W oOydeHHus, T.e. Kakue BHIbl 3a0oJieBaHHH
ornpezesieHbl B obyyatolieil Bbibopke. Hanpumep, eciu
pasmeTka 00yyalollMX JaHHbIX TAKOBA, YTO ONpe/e/seT
TOJIbKO 3JI0KQUEeCTBEHHbI M J100pPOKaYeCTBEHHBIN
Xapakrep HOBOOOPA30BaHWH, TO M COOTBETCTBYIOLLUH
KaaccudukaTop Oy/leT OMpenessiTh MPUHAJIEKHOCTh
HEU3BECTHOro 00pPA30BaHUsI TOJIbKO 3THM JBYM KJac-
caMm. Llenbio KmaccuuKalyu SBJISETCS TaK:Ke UCKJIIO-
UeHHE JIOKHBIX HOBOOOPA30BAHUH (JIOXKHOTIOJOMKH-
TEJILHBIX CJTy4aeB), KOTOPblE HEMPaBUJILHO WIECHTH(H-
LUMPOBaHbI HA MpeblIyLIEM 3Tale.

Ecnu stan cerMeHTauuu MoxKeT ObITb peajiM30BaH
MeTo/laMH  HHTEJJIEKTYaJbHOTO M OOBIYHOIO aHasu3a
M300paxKeH s, TO KJaacCUPUKALMS UCTIONb3YET TOJIbKO
AJTOPUTMbI MAIIMHHOTO 00y4eHHsl. AHAJOMMYHO 3Tamny
CerMeHTallik MeTo/bl KaaccuUKald MOXKHO pasjie-
JIUTh HA JIBE OCHOBHbIE IPYTIbI: METO/Ibl € HEMTYOOKOTr0»
U 1yO0KOro 06ydyeHHusl.

[Ton anroputmamu «Hermy6oKoro» obyueHusi Gyaem
YCJIOBHO [MOHUMATh peasii3aluk Takux 6a30BbIX METOLOB
MAalLMHHOrO O0OYy4YEeHHs, KAK METOJ OIMOPHbIX BEKTOPOB,
meton OJIMKAUIIKMX cocelled, 1epeBbsl pelleHuid, HauB-
HbI 6alleCOBCKHI MeTOf, KOMMo3uiyu (6ycTuHr, 63r-
THHT, CTEKUHT), HerTyOOKHe HeHPOHHblE CEeTH U T.JI.
Komuecrso MCJL, peanuaytolinx «HeryooKue» MeTo-
Jbl  MALIMHHOTO OOYyYeHHUsl, JOCTATOUHO BEJIUKO.
HecmoTpsi Ha 60JIbLION MHTEpeC K MeTolam NyOOKOro
00y4eHHs1, OHH 3a4acTyl0 1al0T Xy/lIHe pesyJbTaThl, 4TO
006ycioByieHo HeoOXonuMocTbio 06ydenust CHH, siBaisito-
LIMXCSl OCHOBHBIM TMPEICTaBUTEIEM METO0B IyOOKOro
o6ydeHus1, Ha 60JbIINX Habopax JaHHbIX. B To ke Bpems
HEeoOXOIMMO OTMETUTh, UTO METO/bI NIyOOKOro 00yyeHHUs1
0OBIYHO UCIOJIL3YIOTCS] B COUETAHUU € OObIUHBIMU METO-
JIAaMH MatlMHHOTO 00ydeHusi. OUeBUIHO, UTO aJTOPUTMBI
Her1yOoKOro 00y4eHHsl UCIOMb3YIOT B KAUeCTBE UCXOJI-
HbIX JAHHBIX /151 OOYYEHHUsI U TeCTUPOBAHUST HEKOTOPbIH
Ha0Op MPU3HAKOB, KOTOPble aJe€KBATHO OIMUCHIBAIOT
n3obpakeHuss HOBOOOPA30BaHUH M T103BOJISIET OCY-
LLECTBJSATh Kaaccudukauuio. Hanpumep, yacto ucnoJb-
3yeTcsi MH(opMallus 0 pa3mepax, oObeMe, BHyTpPeHHeH
CTPYKTYpe HOBOOOpasoBaHusi. FIHpopmaliusi o naipeHTe
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(BO3pact, noJi, BpeaHble MPUBbIYKH, 00pa3 KU3HH, MPO-
(heccHst) TakxKe M03BOJISIET MOBBICHTb TOUHOCTb KJ1ACCH-
thukauuu. Pagnuunble Moaeu, OCHOBaHHbIE HA FeOMeT-
pur HOBOOOPA30BaHUK U BbIUMCJIEHHbIE MO H300paxKe-
HusiM KT, wiupoko ucnosib3oBasuch ajisi 06HAPYKEHHUST
HoBooGpagzoBanuil [26, 27]. Tosbko B OTHENBHBIX CJTy-
yasix, Hanpumep, MpH UCMONb30BAHUH CITyYaHHbIX JIECOB,
KacCUUUMPYIOTCS M300paxKeHHsl, Kak COBOKYMHOCTb
MUKCEJIEH HJIH BOKCEJIEH.

B pa6ote [28] npejicraB/ieH cpaBHUTENbHbBINH aHAIN3
OCHOBHBIX METOJI0B Kjacch(uKallmi HOBOOOPA30BaHUH
Jierkoro. ABTopbl pa6oThl 29 ] BEIUKCASIIOT KOMOHHALMH
NPU3HAKOB (POPMbI M CTPYKTypbl HOBOOOPA30BaHMIA
JIETKOTO 151 MCTOJIb30BAHHS TAKMMH KJlacCH(UKaTopa-
MH, KaK METOJL OMOPHBIX BEKTOPOB M OJIMzKANILIMX coce-
neil. O630p «Hery0oOKMX» METOI0B KJacCuUKaLUK
OIyX0JIeH JIErKOTO MOXKHO Tak:kKe HalTH B pabore [30].
B pa6otax[31, 32] npensiaraercst UCMO/b30BAaTh KACKal
CJlydaiHbIX JIECOB J/Is1 KNACCH(PUKALIMH HOBOOOPA3oBa-
HHUI B JICTKOM.

Hecmotpsi Ha npuBejieHHblE MTPUMEPbBI HCMOJBb30BA-
HHUsT «HerTyGOKHX» METOJIOB MalIMHHOTO 00y4YeHH st /1151
3aj1au KJacCHpUKalMi HOBOOOPA30BaHHs, HX PeasibHOe
NPUMEHEHHEe He3HAYUTEJIbHO 0 CPABHEHHIO ¢ MeToja-
mMu rny6okoro oOydenus. [lostomy Huxke Oyner pac-
CMaTpPUBATbCSI HMEHHO 3TH METO/Ib.

C nocTosiHHbIM HakoryeHneM 00ydaloUuX JAaHHbIX
M CyLLeCTBEHHBIM yBeJHYEHHEM HX 06beMa Jj1si MHOIHX
BUJIOB OHKOJIOTHYECKHX 3a00J1eBaHUH POJib METONOB
ry6oKoro oOydeHust cTaja IOMHHUPYIOLLEH B aJrOPUT-
Max Kaaccupukaunu. OCHOBHOH HHCTPYMEHT, HCIOJb-
syemblii B IC]I B Hactosiiiee Bpemss — CHH u ux pas-
sunble 2D n 3D mopndukauyu. K HUIM MO2KHO 0THECTH
tTakde u3BecTHble cetd, kKak GoogleNet, VGG,
ResNet, Inception [15]. He ocranaBinBasich Ha oco-
6ennocrsax Kaxkaoro turna CHH, ormetum ux nenosb3o-
BaHMe /s KJacCH(PUKALMKU Pa3iniHbIX OHKOJIOrHYe-
CKHX 3a00JIeBaHUH.

B suTepatype MMeeTcsi MHOXKECTBO  CChLJIOK
Ha ucnoJibaoBanue pasmnunbix CHC, takmx kak 3D
Inception u 3D Inception-ResNet, nnst knaccuduka-
UMK HOBOOOPA30BAHUH B JIETKHX, MeYeHH, MOJOYHOM
JKesiesbl, LIeHKH MaTKH, MOYEBOrO My3blpsi, TpecTa-
TeJIbHOH 2KeJle3bl.

B nocinenHee Bpemst crasu nosiB/siThest paboThl, OPH-
EHTHPOBaHHble HAa pellleHHe 3a7ay Kak cerMeHTalluH,
TaK W KJacCUUKALMH, UCMOJb3YIOIIHE HOBbIH BHJL [Ty-
OOKHX HEHPOHHBIX CETEH, KOTOPbIe OTHOCATCS K MOPOXK-
JAOLKUM MOJEJsIM, T.€. MOAEJSIM, MOPOXKIAILIHM
U300paxKeHUs1, TOJ0OHbIE TeM, UTO UMEIOTCS1 B 00ydato-
uieil BbIOOpKe. DTO M03BOJISIET B pPsijie CJyyaeB MOBbI-
cutb addexktuBHocts MCII. MoKHO BbIIEJUTH JiBa
OCHOBHBIX THMa IyOOKHX TOPOXKIAIOUIMX HEHPOHHBIX
ceTell: KOHKYPHUPYIOUIME HWJIH COCTSI3aTesbHble CETH
(adversarial networks) [33] u BapualMOHHBIH aBTOKO-
nep (variational autoencoder) [34]. OcHoBHasi ujest
KOHKYPHPYIOLLIEH ceTH B pamkKax 0O0paGOTKH MeHLMH-
CKOH HH(DOpMalLMH 3aKJ/l04aeTcst B reHepalil MacKu



Ne 1 (11)2020

JIVUEBASI JIMATHOCTHUKA W TEPATIHSI

1306paxkeHusi opraHa HWJH OMyXoJH MPH [OMOLLH
nopoxknatouien cetn (generator network) n ananuse
9TOH MacKu NpU MOMOILIM KJaacCUDUKALMOHHON HJIH
aMcKpumuHupylolein cetu (discriminator network).
[IprMepoM yCreuiHoro MenoJb30BaHnsl KOHKYpPUPYIO-
el cetu siasiercsi peasnusauust MICIL nyis cermeHTa-
LMK Jierkoro [35], st KOTOpOH MOKa3blBaercsi, UTo
nopoxKJ1aeMble CETbIO MACKH JIETKOTO SIBJSIIOTCS GoJiee
peaMCTUUHBIMH W TOYHBIMH, YeM COOTBETCTBYIOLIHE
U300paxkeHusi, noJydaemble 0ObIMHOH CErMeHTALUOH-
HOH ceTbio. Jpyro#i nmpumep MCroJsib3oBaHUs MOAU(H-
KalMH KOHKYPHPYIOLLEH CEeTH, CBEPTOYHOIO KOHKYpH-
pYIOLLEro aBTOKOEepa, JIsl HCCIeI0BaHHUs! NIpecTaTellb-
HOW »Kesie3bl MpuBeleH B pabote [36]. Mccnenosanue
Npe/CcTaTebHON 2KeJe3bl TakKe OblI0 BbITOJHEHO
C HCMOJIb30BAHMEM KOHKypuUpylolwux ceter [37].
BapuaunoHHblil aBToKoiep MCMoJb30oBaJcs /st o6Ha-
pyKeHMsl aHOMaJiuM TNpu 3aboJeBaHud KOXKH [38].
PaccmoTpeHHble HOBble MOJEIH IyOOKOro oGydyeHHs
TOJILKO Hayajl aKTHBHO HCIOJIb30BATLCS B MEIUIIMH-
cKo#l jmartoctrke. OHAKO OHH UMEIOT GOJIbLINE Tep-
CMEKTHBbI, TaK KaK BO MHOT'MX 3a/ia4ax yxke MoKasaJju
CBOIO 3(P(HEKTUBHOCTb.

B uesom, Heslb3si OHO3HAYHO ONPEEIHTb, KaKoH
THI MHCTPYMEHTapHsi HEOOXOIMMO HCIOJb30BaTh sl
JHAarHOCTHKH OHKOJIOTHYECKOro 3a00JieBaHusl TOrO HJH
MHOI0 OpraHa MnpH BbIMOJHEHHH IMarHOCTUKH TEMH HJIH
MHBIMH CpefcTBaMH. /151 KaxKI0H CUTyallH, /sl Kax-
noro Habopa janHbIx cBost apxutekrypa MIC/ siBasiercs
npeanouTHTebHol. KoHeuHo, uexonst 3 Toro KoJiuue-
cTBa MyOJIMKALIMI, KOTOpble MOCBsIlIEHbl MPUMEHEHHIO
IyOOKHX HEHPOHHBIX CeTeH I CerMeHTaluuu M KJiac-
cu(UKALMK MEIUIIHHCKUX JIAHHBIX, CO3/1aeTCsl Brevar-
JIeHHe, YTO UMEHHO Takhe HeHPOHHbIE CEeTH SIBJSIIOTCS
HAUJY4YIIUM  HHCTpyMeHToM s codnanus MCL.
Onnako 370 He Tak. Heo6xomMMo 0TMETHTD, UTO U Tpa-
JMLHOHHbIE MeTo/ibl 06Pa0OTKH U300paAKEHUH, U METO-
Ibl «HerryOOKoro» oO0y4yeHMsl, W MeTOIpl [yOOKOoro
00yueHHs1 U1l KaXKJI0To cJlydast, Ui Kaxkaoro opraHa
MMEIOT CBOM MpeuMyllecTBa M HeaocTaTku. Ha Hain
B3Is1]1, HauboJiee TepPCeKTUBHON SIBJSIETCS] KOMIO3H -
LMl pa3JIMuHbIX MOJeJiel, KOTaa Kax/Iplid 3Tar BbIoJ-
HsleTCsl MapajiyieibHO Pa3JMuHbIMH METOJAMH M 3aTeM
B 3aBUCUMOCTH OT TOYHOCTH KaxKJ0H MOJIE/IH UX Pe3yJib-
TaTbl KOMOMHMPYIOTCSI MO OTIpeIeNeHHbIM MPaBUJIAM.
Takne momenu TpeOYIOT OOJBIINX BbIUHCAUTETLHBIX
M BpeMeHHbIX pecypcoB. OJHAKO Korja peub WIET
O NPaBUJILHOCTH [OCTAHOBKH JMArHo3a, 3THMH pecyp-
CaMH MOKHO T102KEPTBOBATb.

Oo0bsicHUTeNbHBbIA HHTENIEeKT. OIHOH U3 CcaMbIX
cepbe3HbIX MpobJeM, BOZHUKAIOLLMX TPH HCI0Jb30Ba-
Hun MG B MeIMUMHCKMX TIPUJIOXKEHMSIX, SIBJSIETCS
npo6JsemMa 0ObsICHEHHSI TTIOJTyYeHHbIX PE3YJIbTATOB Mar-
HocTHpoBaHusi. PeasbHoe HCMOMb30BaHHE TaKHX
pe3yJIbTaTOB BO3MOXKHO TOJIBKO B TOM CJyyae, €CJju
Bpau MMeeT BO3MOMKHOCTb MOHUMATb, KaK W MOoueMy
ObIJIO PUHSITO OIPeJIeJIEHHOE pellleHHe cucTeMoii [39].
BoJsiee Toro, Hannuue 0OBSICHUTENBHOTO 3JleMeHTA

B MCJI MOXkKeT cOOTBETCTBYIONIUM 06pa3OM MOBLICHTD
JloBepue Bpaued K pazpabaTbiBA€MbIM B IEPCIEKTUBE
NC]I. Tem He MeHee cerofiHsi UMeEeTCs MPOTHBOpEUHe
MEK/ly TOUHOCTbIO Pe3yJIbTaTOB H HX OObSICHUTEJNbHON
BO3MOXKHOCTbIO. Tak, Hanbosee s(ppeKTHBHbBIE METO/H,
Takue Kak riy0oKue HEeHpPOHHbIE CETH, SIBJSIOTCS Hau-
MeHee MPO3pauHbIMK M He MO3BOJISIIOT B MOJHOH Mepe
0OBSICHUTb BblIaBaeMble pe3yJibTaTbl, B TO BPeMsl Kak
METOJIbl, Jalolle yeTkoe oObsICHEHWe, Harpumep,
JIepeBbs pellieHUH, SBJSIOTCS MeHee TOUHBIMH.

MHTepecHO OTMETHTb, YTO OMPEAeNeHHOH CTerneHbo
0OBSACHUMOCTH 00J1aJIa/TH SKCIIEPTHBIE CUCTEMbI, SBJISTHO-
1iMecst paktudecku nepsbiM uHetpymMentom M. Onrako
NOsIBJICHHE METOI0B MALIMHHOIO 00y4€eHHs1, OCHOBAHHbIX
Ha HCIOJIb30BAHUH CTATHCTHUECKMX MOjie/el, caesasno
3an1a4y OOBSICHEHHSI Pe3yJIbTaTOB KpakHe aKTyaJbHOH.
W nostomy MMeHHO HampaB/jeHHe COo3laHusl OObSICHU-
TEJIbHOr0 MHTEJJIEKTA CTAHOBHUTCS B HACTOSILLEE BpPEMSsi
ObICTPO pa3BUBaIOLLEHCS 00J1ACTbIO HCCEIOBAHHIA.

B o6s1acTi MHTE/IeKTYaIbHON IMarHOCTHKH OHKOJI0-
rHyecKHx 3a00J/1eBaHNi Ha MEPBOE MECTO JOJXKHBI ObITh
MoCTaBJ/eHbl He TOJBKO METO/bl M MOJEH, KOTOpble
00€CreynBaloT BbICOKYIO TOUHOCTb PE3YyJbTaTOB Juar-
HOCTHKM, HO M T€ METOJbl, Pe3yJbTaThbl JAHATHOCTHUKH
B COOTBETCTBHH C KOTOPBIMH SIBJISIOTCS OObSICHUMbIMH
M UMEIOT BBICOKYIO cTerneHb 1oBepusi. M snech moxer
ObITb HE CTOJIb BaXXHO MOHMMaHWe CaMOH MOJeJH
C TOUKH 3peHusi ee (PYHKLLMOHHPOBAHUST HJIH (DYHKLIHO-
HaJlbHOH CTPYKTYypbl. BakHee nonHumanue Toro, Kak
peayJbTatbl Oblad nosydenbl, nodyemy MCI cuuraer,
UTO MCCJIENyeMblil OOBEKT SIBJSIETCS 3/J10KAaUeCTBEHHOM
OMyXO0JIbIO, a HE YEM-TO HHBIM.

Hawm BuuTCs yacTHYHOE pelleHure 3a1auu B MOTbITKE
BOCIMPOU3BECTH JIOTMKY Bpaya, Korjaa ToT, HabJitofast
Ha CHUMKEe HEKOTOpoe HOBOOOpa3oBaHue, repebupaer
MBICJIEHHO BCE TO, YTO OH BHJEJ KOIIA-TO B KHHrax,
B CBOCH NPAKTHKE U T.JL., U BbIOMpaeT HauboJiee OHU3KH1e
cnyyau. Tako# npoiecc MoxKeT ObITh CMOJIETMPOBAH TPH
MOMOLM TaK HAa3bIBAEMbIX CHAMCKHMX HEHPOHHBIX ceTeil
[40, 41]. Cuamckasi ceTb COCTOUT U3 JIBYX OJIUHAKOBBIX
noacerer, o0beAMHEHHBIX HA BbIXozie. JIBe mojceT npe-
06pasyloT Npu3HakKu 00pa3uoB HOBOOOpa3oBaHUH
13 0asbl JAHHbIX, ONHOBPEMEHHO MOJAAHHBIX HA BXOJbI
nojceteil B rpoiiecce oOy4eHHUs, a UX OObEIMHEHHbIH
BBIXOJI OTPEJIe/ISIeT PacCTOsIHUE MEXKJLy JIByMsl BEKTOpa-
MH Npeo6pa3oBaHHbIX MpU3HaKoB. [1pu 3TOM yKasbiBa-
eTcsl, ABJsOTCS M 06a obpasla 3/710KayeCTBEHHbIMH
uad HeT. Takum o6pazom, mpollecc OOydeHHsT CeTH
MCIMOJIb3yeT BCe BO3MOXKHbIE Mapbl 06pasiioB, KOTOPble
UMEIOTCSl B pacropsikeHHH. B npouecce skeniyatauuu
Ha MepBbI BXOJ CETH MOAETCsl UCClieLyeMblil oOpasely
HEU3BECTHOrO HOBOOOPA30BAHUSI, 4 HA BTOPOH — obpa-
3ell M3 6a3bl 3/0KaYeCTBEHHBIX 0OpaloBaHuil. Eciu
HeHpPOHHAs CeTh MoKasasa OJIM30CTh 3THX OGBEKTOB, TO
NPUHUMAETCSl pellieHne, 4YTO HccenyeMbli obpasell
SIBJISIeTCSl 3J0KaYeCcTBEeHHbIM. B mpoTuBHOM ciydae
Ha BTOPOH BXOJL MojlaeTcs c/eiytoluil obpasel U3 6asbl
JAHHBIX, U Mpolenypa nopropsiercst. [naBHON ocobGeH-
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HOCTBIO TPOLIEYPbI SIBJSIETCS] TO, YTO CHAMCKasl CEeThb
HaXOIMUT 3aJaHHOE YMCI0 OJIMKANILIMX «HU3BECTHBIX>»
HOBOOOPA30BaHUK U Bpau MOKET BUIIETb UX, UTOObI MPHU-
HSTb OKOHUaTesbHOe peluenue o quartode. MCJ B sTom
cydae oObsICHSIET, MOYeMy MOCTaBJEH OMpele/eHHbIH
JIMarHO3 W Kakue HOBOOOpa3oBaHUsl OJM3KH K HOBOMY.

3akaroueHue. PasBuTHe HOBbBIX MOJAXOJIOB K pa3pa-
6otke MICJI co3naer nepcrnexkTUBy JJist TOTO, YTOOBI 3TH
CHCTEMbl CTaJIM HACTOSILIMMHU TMOMOLIHHKAMH Bpauei
MPU AMarHOCTHPOBAHUHU OIyX0JleH pas/IHuHbIX JIOKaJIH-
3auui. HeobGxonMmMo OTMETHTb, UYTO B OOJIbLIMHCTBE
c/lydaeB poJib Bpaua B MOCTAHOBKE AMArH03a HEOCHOPH -
Ma Kak C MCUX0JI0THUECKOH, TaK U € IOPHANYECKON TOUKH
3penusi. IlaumenTsl He TOTOBBI M, CKOpee BCero, He
OylyT roToBbl onupartbesi ToJbko Ha aanuble MCII,
Kako# Obl 3(peKTUBHOI OHA He Oblia, TAKXKE U OTBET-
CTBEHHOCTb 32 BblHECEHHE pelleHHs] He MOKeT ObITh
BO3JIOxkeHa Ha MatuHy. [To 3Toil mpuunHe aBTOpam
npencrasasiercsi, uto MCJ, BeicTynasi B poJid NoMolll-
HHKa, TMO3BOJIUT JIMArHOCTY MPUHUMAThL 6oJiee 060CHO-
BaHHble pellieHHsl. Bmecre ¢ TeM mpoliece MpUHATHS
pelleHust y npoeccHoHasa OCHOBLIBAETCSI HE TOJBbKO
Ha aHaJM3e NaTTepHoB 3ab0JieBaHHsl Ha I10Jy4eHHbIX
M300paKEeHUSAX, HO U Ha KOMILJIEKCE CBEIEHHH, BKJIIO-
YaloLMX aHAMHECTHYECKHE, KJIHHHYeCKHe, JadopaTop-

Hble JAHHbIE, U JaXKe, B HEKOTOPOH CTeNeHH, UHTYULIUH.
Takum o6pa3om, NOCTOSTHHOE B3aUMOJIEHCTBHE PEHTTE-
Hostora © MICJL ¢ Touku 3peHust B3aUMHOTO OGYyueHUs
MO3BOJIUT 3HAYUTEJIBHO MOBBICUTh KAUeCTBO NIPUHUMAE -
MbIX pelleHUH KaK CHCTeMbl, TaK U Bpaua.

[Ipu 4yTeHHM CrUCKa JUTEPATypbl MOXKHO 3aMETHTh,
4TO OOJIBLIMHCTBO HCTOUHHKOB, HAa KOTOPbIE €CTh CChINKH
B CTaTbe, SIBJSIOTCS MPENPUHTAMK U3 H3BECTHOIO apXHBa
3JICKTPOHHbBIX NMyOJHKALMH HAYUHbIX CTAaTel «arxiv.org».
DTO CBsI3aHO C TeM, UTO PA3BUTHE BCeX HarpaBJeHHH
MU nactosbKo cTpeMuTesibHOe, 4To Martepuan 6oJb-
LIMHCTBA cTaTel, NMyOauKyeMbIX B XKypHaJax, ycTapeBa-
eT, He ycrieB BbiTH. M mostomy «arxiv.org» Hapsiay
C IpyTUMM apXMBaMH 3JIeKTPOHHBIX MyOJIMKALME, HATTPHU-
Mep ¢ «bioRxiv.org», sBjsiercs onHuM M3 HauboJee
AKTyaJIbHbIX HICTOUYHUKOM HH(OPMALIUH.

B craTbe Tak:ke NpaKTHYECKH He 3aTPOHYThI BOMPOCHI
BTOPOrO HAINpaBJ/IeHUs] UCIOJb30BAHUST HCKYCCTBEHHOTO
UHTEJVIEKTa B MEIMLUMHE — OTpe/ie/IeH sl ONTUMAJIbHO-
ro JieyeHHsl, OPUEHTHPOBAHHOTO HAa KOHKPETHOTO Nally-
€HTa, T.e. peasu3ali KOHIIENIUH NepCcoHaIN3HPOBaH-
HOWM MeauuMHbL. Jleso B TOM, 4TO 3TO — OTAe/dbHOE
HarpapJieHHe peau3alld MeTOJ0B HCKYCCTBEHHOTO
UHTEJJIEKTa, PACCMOTPEHHE KOTOPOro TpebyeT oTnesb-
HOH CTaThH, MJIaHUPYyeMO# B OsnKaiiem OyIyLieM.
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