ABTOMaTI/I3I/IpOBaHHa$| OLeHKa Ka4yecCcTBa
A€HCUTOMEeTpPNn4eCKunx nccnenoBaHun

TexHM4YeCcKoe OINMcaHue penieHmsa

3apaua

[AaTta pokymeHTa
KomaHpa
Bepcusa pelweHusn

Pa6ouunii YeKNouHT

KntoueBble meTpukn

Bpemsi 06paboTku

KouTtposb kauectBa DXA-1mccnenoBannii: GuHapHast OlleHKa
«KayeCTBEHHOEe / eCTh HapylleHye», ornpeaeneHe aHaTOMUYeCKOo
061aCTH, TUIT HapPYIIEeHUSI, CTPYKTYPUPOBAHHbIN OTUET

27 ceHTs6ps 2026 1.
I'paues [lenuc — paspaborka; ['paueB TaTbsiHa — KaMlUTaH
1.0.0 (src/__init__.py)

models/dxa_model.pth : ResNet18 + nuHeliHas rosiosa, pasmeTka
table, seed 42, smoxa 39, mopor ysioruta —0.4930 (BepositHOCTD 0.379)

ROC-AUC 0.6764 [0.6309, 0.7218], F1 0.5676 [0.5270, 0.6082] — r1Tb
seed'oB Ha (PMKCHMPOBAaHHOM pa3bMeHUN 0 MCC/IeJOBaHMUSIM

0.021 c Ha u3obpakenue (meanana, CPU), 548 daiinos 3a 12.1 c;
TpeboBaHMe «< 3 MUH Ha UCCIeI0BaHMEe» BBITIOIHIETCS C 3aI1acOM

Copep>xaHue

JloKyMeHT omuchiBaeT (PakTUUeckoe COCTOSHME Pero3UTOpMSI Ha HATy, YKa3aHHYI Ha TUTY/Ie: BCe
rapameTpsl, TOPOTr'Y, METPUKU U MMEHa M0JIel IPUBENEHbI 110 KOAY U I10 BBIIIOJTHEHHBIM M3MePEHMSIM,
a He IO NMPOeKTHBIM HaMepeHMsIM. TaM, IIe 3HaueHNe M3MepeHO Ha KOHKPETHO! MallliHe, yKa3aHo, Ha
Kako¥i. PacxoskmeHus 1 OTpaHNYeHMS TTIepeunceHbl SBHO — pasfenst 15 u 16.

1. HazHauenmne 1 06;1aCTh IPUMEHEHMS

2. CooTBeTCTBME TPEOOBAHUSIM 3aJaHUS

3. ApxuTexTypa peueHus

4. CocTaB IaHHBIX U pa3MeTKa

5. [Ipego6paboTKa U306 paske it

6. Mogenb 1 mipoiieypa 06ydeHust

7. OnpesesieHyie aHATOMMUYECKOI 06/1aCTU

8. TakcoHOMMS HapyIIeHUli KauecTBa

9. CDOpMaTbI BXOJHBIX M BBIXOOHDbIX NAHHDBIX

10. API cepBuca
11. Be6-unrtepdeiic

12. MeTpuku KauecTBa

13. [Ipon3BOAUTETBHOCTD U CCTEMHbIE TPEOOBAHNS

14. C60pKa, 3ayCcK U pa3BEPThIBAHNE

15. TecTbl U IPOBEPKU




16. Vi3BecTHBIE OLUIMOKY 1 X 06pabOTKa

17. OrpannueHus 1 JOCTOBEPHOCTb Pe3yabTaTOB
18. [1naH pa3BuTus

[Tpunosxkenue A. CTpyKTypa pernosmuTopus

[Tpunoxxenne b. KomaHzbl



1. HasHauyeHne un o6nacTb NPUMEHeHNs

CepBuCc MNOpPMHMMAET JeHCUTOMETpuUYeckoe wucciaegoBanme B (opmatre DICOM 1 BBIIIOJHSIET
aBTOMAaTMU3MPOBAHHBIN KOHTPOJIb €r0 KauecTBa: OmpeesisieT aHaTOMUYECKYI0 06J1acThb, peliaeT GMHAPHYIO
3amauy «M300pakeHre MPUTOAHO JJIsS KIVMHUYECKOV MHTepIpeTanuu / COAEPKUT HapylleHue KavyecTBar,
OTHOCUT HapyllieHne K KaTeropuu u hopMupyeT cTpykTypupoBaHHbiii otuéT (XLSX/CSV) ¢ omHO CTpOKOi
Ha u3obpaskeHue.

3agaua pemaeTcsl Kak y@poBoii ITIOMOIIHMK, a He KaK 3aMeHa Bpaua: pe3y/bTaT IpeJHasHavYeH IJ1s1 0TOopa
MCCIeIOBaHMIA, TPEOYIOMMX BHUMAHMS CIEUMAJNCTa, W JJISS eAMHOOOpa3sHOl perucTpauuyu HapymieHuiA.
O6macTy aHaIM3a — MOSICHUYHbINA OTHes M03BOHOUYHMKA M ITPOKCUMAaJIbHBIN OTHeN 6epeHHOl KOCTH (JieBast
Y TIpaBasi CTOPOHBI pacCMaTpUBAIOTCS KaK OTHeIbHbIE CHMMKM, ITIOCKOJbKY CTOPOHA BMSIET HA TPAKTOBKY
KPUTEPUEB).

Pemtenie paboTaeT ITOJHOCTbIO oOQuiaiiH: M306paxkeHus He IepealoTCs BO BHEIIHME CEePBIUCHI, BCE
3aBUCUMMOCTY 1 Beca GUKCUPOBAHbI, JOCTYII B CETh MU MH(pEpeHce He TpedyeTcs. DTo IpsiMoe TpeGoBaHe
MeTOnVKM (II. 3.2 3aJaHus) U OJHOBPEMEHHO YC/I0BMEe IPUMEHMMOCTU B 3aKPhITOM KOHTYpe MeIUIMHCKOM
OpraHm3aIun.

2. CooTBeTCTBMUE TPEOOBAHNAM 3aaHUSA

Tabnuiia CBSI3bIBAET IYHKTHI 3aJaHUsS C peaau3anyeil U co CIocoboM MpoBepku. DPOpMyITUpPOBKU
TpebGoBaHMi1 MPUBEIEHbI II0 TEKCTY METOAMYECKUX PEKOMEHIaluii.



Tpe6GoBaHue

06s1acTH: MOSICHUYHBIN OT/Ie
IT0O3BOHOYHMKA U
ITPOKCUMMAaJIbHbII OTEN
6eIpeHHOI KOCTU

BunapHast KinaccupuKaums
«KauecTBeHHOe / eCTh
HapyIIeHme»

OmpeneneHue Tuma
HapylieHus

O11eHKa KOPPEKTHOCTHU
pa3MeTKy aHaTOMUYECKUX

CTPYKTYD

OruéTr .x1lsx/.csv,omgHa
CTPOKa Ha u300paskeHue,
CTOJIOLBI U3 1. 2.5

Bpemst 06pabOTKM OTHOTO
uccaenoBaHus € 3 MUH

OTcyTCcTBUE
HeoOpPabOTaHHBIX
UCKITIOUEHWIT; OIIMOKY
dbukcupyroTcs B oTuéTe

BocrnipoussoaumocTs nipu
TIOBTOPHOM 3aITycke

ITakeTHast 00paboTKa apxuBa
+ obmrast Tabymiia + zip ¢
JIOTIOIHUTEIbHBIMI CePUIMU

API 151 makeTHOI 06paboTKM
TeCTOBOro Habopa

O6si3aTebHas
KOHTelHepU3aLysi, CKDUIIT
c60pKM 1 3arycka B Linux

®dukcailus 3aBUCUMOCTE,
BKJTIOUast 6a30BbIif
KOHTeliHep

Peanunsauus

0671acTb OTpeeseTcs
aBTOMATUYECKH TI0 Kafipy; 6eapo
pasfessercs: Ha JIeBOE U IIPaBoe

ResNet18 (ImageNet) + nuHeliHas
roJI0Ba, IOPOT 10 JIOTUTY,
rogobpanHsIii o Fl1

EnviHbIli cioBapb KOAOB
src/dxa/violations.py;
OTHeceHMe K KaTeropum — 1o
U3MepsieMbIM ITpY3HaKaM CHMMKA

B Ha6ope HeT ROI-pasmeTKu B
DICOM, 1nosToMy OlLleHUBaEeTCs
reomMeTpusi BULMMOT 30HbI
U3MepEeHUs U e€ TPaHUIIbI

CLI-uHbepenc u POST
/api/vl/export ; obsa3aTenbHbie
BOCEMb CTOJIOIIOB TUTIOC TPU
ONArHOCTUYEeCKUX

OIOVH CHUMOK — OIVH MPSIMOIA
mpoxop, cetu 224x224, 6e3
UTEPaTUBHBIX NIPOLIEAYD

OmmbKa Ha aiine He MpepbIBaeT
MTaKeT: CTPOKa IOIyJYaeT
processing_status = Failure:

OUKCUPOBAHHBIN seed,
3aurcupoBaHHOE pa3breHne B
(aiine, Bepcuu 3aBUCUMOCTE,
CaMOJIOCTATOUYHbBIN YEKITOMHT

O6xop KaTajora, JIoT IIporpecca,
XLSX/CSV, omnioHanbHblit Zip ¢
BU3yaIM3aLuein

FastAPI: BoceMb MapuipyToB,
BKItouast /api/vl/batch u
/api/vl/export

Dockerfile (python:3.11-slim,
YeKIOUHT BHYTpU 06pasa),
Dockerfile_cuda gis GPU,
docker—-compose.yml Ha o6a
ciydasi, run.sh

requirements.txt c TouHbIMU
BepcusiMu, 6a30BbIif 06pas 1o Tery,

Yem nogTBepxpaetcs

Pasn. 7; Ha Banupanuu 99/99 nis
T03BOHOYHMKA

Pasg. 6,12;

tests/test_preprocess_and_model.py

Pasn. 8; tests/test_violations.py

Pasg. 8, 17 (orpannuenue 4)

Pasg. 9 (cocTaB CcTO/MOIIOB ITPOBEPEH HA

peasibHOM IIPOTOHE)

Pasn. 13: 0.021 ¢ meguana Ha CPU, 3amac

6oJs1ee yeM TPEXKPATHBIN

Paspn. 16

Pasg. 6, 14; tests/test_labels.py

Pasn. 9,13

Pasn. 10

Pa3p. 14; c6opka u 3a1yCcK TPOBEPEHBDI, CM.

14

Pasg. 14



torch ¢ CPU-unpgexkcom (CPU-
BapuaHT) u cul26 (GPU-BapuaHT)

Pa6oTa 6e3 obpalieHus K Odaita-acceTs! GpOHTEH A, tests/browser/ui_offline.js
BHEIIHUM CepBUCaAM OTCYTCTBYE CETEBBIX BHI30BOB B KOJIE
npeacKa3aHus
TToIHbI KOMIUIEKT README.md (0630p n —
JOKYMEHTAIUU BOCITPOU3BEJIEHUE),

assets/labeling.md (pa3meTtka u
eé 060CHOBaHMeE),
docs/technical-
description.html u .pdf
(BaHHBIN JOKYMEHT)

3. ApxuteKTypa pelieHus

3.1. Cnon
Cnon dainbl OTBETCTBEHHOCTb
[IpuknagHO¥ simepHblii = src/dxa/ Yrenne DICOM, mpeno6paboTka, MOJIe/Tb, METPUKH,
CJI07A ompeeneHne 06;1acT, pa3MeTKa JaHHbIX, 00yUeHue,
MaKeTHBIN MH(pEPEeHC
Cepsuc src/main.py FastAPI: 3arpy3ska ueknouHTa IIpu CTapTe, MapuIpyThl
aHaIn3a, MakeTHOM 06paboTKM, IKCITOPTA, 3MOPOBBSI U
KapTOUKM peIlleHus
Be6-unTtepderiic src/api/static/ 3arpyska ¢aitsoB, TabMila pe3yyibTaToB, IaHe b JeTajei,
naHesb «O Moenu»; Bce MOAMICH M METPUKM TTOJTyUaeT C
cepBepa
OBPUCTUKY KAUeCTBA src/quality/ YnicsioBble M3MeEpPEHMS CHUMKA (PE3KOCTb, IJIOTHBIE
BKJIIOUEHVS, TIOJTHOTA U TIOBOPOT 06JIaCTH) IJIsI TaHEeU
nerasein
WHbpacTpyKkTypa run.sh, docker- Enmnnas Touka BXogda Jjist COOpKM, 00yueHusl, MHGepeHca 1
compose.yml, TecToB; cbopKa 06pa3a 1 BbIKIAAKa
Dockerfile,
Dockerfile_cuda,
Jenkinsfile

3.2. MoTok 06paboTKN OQHOro U306pa)keHuns

Huske — akTuMuecKuit myTh JaHHBIX OT (aiiia 10 CTPOKM oTUYETA. KimroueBoe CBOJCTBO: 0OyUYeHle U CEPBUC
VICITOTB3YIOT 00UH U MOm e KOJI pelobpaboTKM U TIpeAcKasaHus, TO3TOMY pacXoxkaeHne Mexay odaiH-
OlLIeHKO1 1 pa6oToii API HeBO3MOKHO I10 ITOCTPOEHMIO, a He IO JOTOBOPEHHOCTH.

YTeHue nukcenen n Mpepno6paboTka ResNet18 + nuHeHas
DICOM — N N
MeTafaHHbIX 224x224 ronosa
JNorut — CTtpoka oTtyéTta / oTBeT
— OGnacTb No Kaapy —>  YucnoBble uamepeHuss —

nopor API



HOpﬂ)lOK onepaunﬁ U TOUYKaA IIPUHATUS pellIeHns:

1.

Yrenmne. V3 daiiyia 6epyTcs NMKCeIbHbIE JaHHbIE U UIeHTU(GUKATOPI MCCIeA0BaHMS ¥ CHMMKA
(StudyInstanceUID, SOPInstanceUID ). [IepcoHa/ibHbIe TaHHbIE HE UCIIONb3YIOTCS: PellleHne He 3aBUCUT
OT UX HAJINUMS.

. IIpemo6pa6oTKa. [IpuBOAMTCS K BUAY, OKUAAEMOMY IpenooyyeHHbIM backbone (ormucanue — pasg. 5).

[TapameTpbl Mpeso06PabOTKY XPAHATCS B YUEKTIOMHTE U 6epyTCs U3 Hero, a He U3 KO/a M0 YMOTYAHUIO.

. Ouenka kauectBa. OfyH IpsSIMO¥ ITPOXOJ, CEeTU Ja€T JOTUT. PellileHre MpMHMMAETCS I10 JIOTUTY:

quality_class = 1, ecyiu JJOTUT BbIIe TTopora. ITopor mogo6pad 1o F1 Ha Bamaanum 1 COXpaHEH B
yeKknouHTe (Tekyinee 3HaueHMe —0.4930, uTo cooTBeTCTBYET BeposiTHOCTHU 0.379).

. AHaToMuueckast o6;1actb. OrpesiessieTcsi He3aBUCUMO OT MOJIEJI, 10 TeOMeTpuu Kazapa (pasg,. 7), ¢

OLIEHKOJ YBEPEHHOCTM.

. I/ISMEPEHI/IH ¥ TUII HAPYIIEHUS. 7151 CHUMKOB C HapylmieHeM BbIUNCIAI0TCA YMCI0OBbIE ITPU3HAKA

CHMMKA, 10 KOTOPBIM HapyIlIeHMe OTHOCUTCS K KaTeropuu cyioBaps (pasg,. 8).

. OTuéT. CTpoKa cobMpaeTcs Co CTaTyCOM 00pabOTKM 1 BpeMeHeM; OIIMOKa Ha ¢aiiie He IIpephIBaeT

ImakerT.

B README.md mpuBem€H MOJHBIN HA60P MPOEKTHBIX AMarpaMm (KOMITOHEHTBI, ITOTOKM JAHHBIX,

TOCJIeJOBATEIbHOCTD, Pa3BEPThIBAHME). OHU OMMCHIBAIOT LIeJIEBYI0 aPXUTEKTYPY, BKJII0Uasi 6JI0KM, KOTOPbIE B

TEKVH.[eﬁ peannsanum He UCIIOJb3YIOTCS, IIO3TOMY B HACTOSAIIIEM JOKYMEHTE ITOTOK OIIMCaH TEeKCTOM I10 KOaY.

4. CocTaB AaHHbIX U pa3mMeTKa

4.1. Habop
MokasaTtenb 3HaueHue [losicHeHue
®ajisoB Ha AMUCKe 544 | B o6yuatomiem Habope (dataset_hack/
HO_pna_obyyeHus)
YHMKaJIbHBIX CHUMKOB 252 | Mo mMKCeIbHOMY cofiepxkumomy; 292 daitna —
noGaiTHble 1y6an
HccnegoBaumnit 100 | pas6reHme BHITTOIHSETCS 10 MICC/IEIOBAHMSM, a He

110 CHMMKaM

IMo3BoHOYHMK / 6efipo mpaBoe / 6empo aeBoe/ | 99/79/73/1 | romocoBaHue 1o MMeHaMm (aitjioB mocje CKIenKu

He oIIpeeeHo nyoseri
Hapy1ieHnii 1o sKCIiepTHO Tabuiie 74 (29.4 %) Tpu CHMMKA TabIMIla He OLieHMBaIa
Hapymennii B paboueii pasmeTke 77 (30.6 %) = 74 1o TabauIle TUTIOC 3 CHMMKA C TIOMETKO¥ B

umeHu darina

Iy6au He mepeceKaloT TpaHMIIbI MCCIeIOBaHMIi, KOHMIMKTOB METOK IIpM CKJelike He BO3HMKaeT. [IBa

MoGaiTHRIX Ay6/IsT Ha3BaHbI IO-Pa3HOMY, MOITOMY O6JAaCTh OIpeAessieTcs] TOJ0COBaHMEM IO MMeHaM

(daitnos. syueHne Habopa BBISIBUJIO IBE 0COOEHHOCTH, KOTOPbIE IIPUIIJIOCH YUECTh B pa3MeTKe: OOUH U TOT

JK€ CHMMOK BCTpeuUaeTCd moa HECKOJIbKMMM MMEHaAMMU (683 CKJIEKM OH ToTlafasl ObI OOHOBPEMEHHO B oba

Kj1acca), ¥ uMeHa (aitjioB MecTaMU PacxXOAsITCS C OIIeHKO SKCIIepTa.



4.2. EauHMLa pa3MmeTKu U NpaBuio NoslyYeHust MeTku

OkcmepTHas TabaMIla OMMCHIBAET MCCAeAOBaHMeE, a He OTHeNbHbIi CHUMOK. OmHAKO Kakmas
aHaToMMUecKasl 00J1acTb BCTPEYAETCS B MCC/IEIOBaHMM POBHO OIMH pa3 (Iocjie CKIeiKu mybJeii), To3TOMY
BEPIIVKT MCCIeOBAHMS 110 06/1aCTU TIEPEHOCUTCSI Ha CHMMOK OJTHO3HAYHO — He TpeOyeTcs peliaTh, Kakoi
us HEeCKOJIbKUX CHMMKOB «IIIOXOW». Tak  IOJy4eHbl METKM U TUIIBI HapylleHnit
(labels/labels_images.csv); KaKOblii MCTOYHMK CBUIETEIbCTBA COXPAaHEH B OTHEIbHOM CTOJIOIE,
M03TOMY ITPaBMJIO MOXKHO ITepeurpaTh 6e3 TOBTOPHOTO pa3bopa JaHHbIX.

Bo3MOKHbBI 6bUIM IBa MMPaBMja: YUUTHIBATh TOJBKO SKCIIEPTHYIO TAGIMITY MO0 JOMOJIHUTEILHO YUUTHIBATh
TMOMeTKM _good/_bad, MpocTaBjeHHbIe BPYUYHYIO B MMeHax (GaiiyioB. [ToMeTKM pacXoauauch ¢ IKCIIEPTOM B
15 ciyyasix 13 252, 03TOMY ITpaBUJIO BHIOMPAIOCh M3MepPEeHMEeM: OHO 3apMKCUPOBaHHOE pa3dyeHue, MaTh
seed'oB 06yUeHMs, OOMH 3TAM0H (Tabs. B pasz. 12.3). BeiOpaHO MpaBUiIo «TOIBKO SKCTIEPTHAS TabauIa.

4.3. PazbuneHune BbIOOPKU

YacTtb CHMMKOB UccnepoBaHumn Hapywenun ®aiin
O6yuenne 199 81 61 labels/split_expert_seed42.json
Banmupanus 53 19 16

Pas6uenne cTpaTUPUIMPOBAHO TI0 3TAJOHY M (UKCHMPOBAHO B (aityie: Bce CpaBHMBAaeMble BapyMaHTbI
00yUyalTCsS ¥ OLIEHMBAIOTCS Ha OJHOM ¥ TOM ke held-out Habope, UTO menaeT CpaBHEHMS KOPPEKTHBIMMU.
CHUMKM OFHOTO MCCIeOBAHUSI He IMOIMaJIal0T OJJTHOBPEMEHHO B 00€e YacTu — 3TO UCK/IIOUAeT YTeuKy, Mpu
KOTOpPOM MEeTPUKM PacTyT 3a CYET 3allOMMHAHMUSI KOHKDETHBIX WUCCIedoBaHMi. Hanuume yTeuku u
BOCITPOM3BOAMMOCTD pa30MeHMs IPOBEPSIOTCSI TecTamMu ( tests/test_labels.py).

5. NMpepo6paboTka N3oopa>keHum

[Tpeno6paboTka omMcaHa [OeKJIapaTMBHO B src/dxa/preprocess.py (Heum3MeHsemas KOHGUTrypamys
PreprocessConfig) ¥ wmcmonab3yercs u Tpu obOyueHuu, u Tpu pabore API. ITapameTpbl XpaHSITCA B
YeKIIOMHTe ¥ BOCCTAHABIMBAIOTCSI M3 Hero, MO3TOMY BXOJ MOJeau He MOXKEeT Pa3oiTUCh MeXAY ABYMS
peXXMMaMu.

MapameTtp 3HaueHue HasHauyeHue

norm percentile NpuBefeHre MHTeHCUBHOCTel K [0, 1]; momycTumo Takke minmax
p_low / p_high 0.5/99.5 OTCeKaeMble TIePIEHTUIN — YCTOUMBOCTD K BBIOPOCAM U IITYMY
imagenet_norm true cranmaptusaiusg mean (0.485, 0.456, 0.406), std (0.229, 0.224, 0.225),

KaK OkuaaeT rmpemooyueHHblii backbone

input_size 224 CTOpPOHA KBaAPaTHOTO BXOJA CETU

[Mopsimox omepaliuii Hag OJHMUM (QaiiioM:
1. Yreune. pydicom.dcmread u pixel_array B float32 ; MHOrOKaZpoOBOe 1300paskeHM e YCPeaHSIETCS 10
KaZpaM, MHas pa3MepHOCTh — OIIMOKa.

2. Koppeknysi MHTEeHCMBHOCTeM. YUnThIBAlOTCSI RescaleSlope u RescaleIntercept ; mist MONOCHROME1
SIDKOCTb UHBEPTUPYETCSI.

3. Hopmuposka. ITo neprientmwisam 0.5 / 99.5 ¢ o6peskoii B [0, 1] v 3ammTo OT BEIPOKIEHHOTO IMana3oHa
(hi = o).



4. IIpuBegeHMe K TeH30py. YMHOKeHMe Ha 255 1 uint8, mybiMpoBaHye OJJHOTO KaHaia B TPH, resize
224x224 6unuHeiiHo, epeBon B CHW, genenne Ha 255, 3aTrem HopMmupoBKa ImageNet.

Eciu B ueknouHTe HeT 6j10Ka preprocess (CTapblii (aiin), IPUMEHSIOTCS 3HAYEHMSI 10 YMOJTYAHUIO —

percentile c HopMupoBKoit ImageNet; ycrapesiimii mpoduib minmax 6e3 ImageNet mocTyreH ¢uarom —-

no—imagenet-norm.

IMopsmox «resize B uint8, 3aTeM HOpMMPOBKa» COXpaHEH HAMEPEHHO: OH COBMNAIAeT C UCTOPUUYECKUM KOOM

[IPOeKTa, I03TOMY CMEHa peaan3alui He CABUHYJIA paclpeieieHe BXoa 1 He o0eciieHnIa paHee mogo6paHHbIit

TOPOT.

6. Mopenb n npoueanypa ooyvyeHns

6.1. ApxutekTypa
dnemeHT

Backbone

l'onmoBa KauecTBa

BcrmomorarenbHas rojiosa
ob6nacTu

CrangapTu3sanms Bxoma
TOJIOBBI

Peanusauus

ResNet18 c Becamu ImageNet (IMAGENET1K_V1 ), Bce ciiou kpome fC ; mnpu3HaK —
512 uncen. ®narom ——backbone morryctum Takke ResNet34

o ymonuauuio linear: Flatten + Linear(512, 2) — nuHeiiHbIi 30HI, 1026
obyyaeMbIx tapameTpoB. Pexkum mlp (dnar ——head): Linear(512, 256) + RelLU
+ Dropout(0.3) + Linear(256, 2)

Flatten + Linear(512, 4) :Tpu aHaTOMMYeCcKue 06IACTH [ITIOC «<HEM3BECTHO.
O6yuaercs ¢ Becom 0.3 Kak JOIOJHUTEIbHAS 3a1a4a 1 3acrasiseT backbone
pasauuaTh aHATOMMIO; JIOTUThI KAUECTBA OHA He CABUIaeT

MPpU3HAKY HOPMUPYIOTCS 1o cpeaHeMy M CKO obyuaroiieit BHIGOPKH,
3adurcupoBaHHbIM B 6ydepax feat_mean/feat_std.be3 He€ TOrUTHI CMEIIEHBI,
BEPOSITHOCTM CKYUEHBI Y HYJIST ¥ TIOJ0O6PaHHbI TOPOT TEPSIET CMBICIT



6.2. 'mnepnapameTpbl 1 Npouenypa ooyyeHus

MapameTp 3HauyeHue no KommeHTapwuii
YMONYaHUio

OnTuMm3saTop AdamW 1r 3e-4, weight_decay 5e-2. 3ameTHbIi1 weight
decay Hy>keH He TOJIbKO ITPOTUB 1epeobyueHus: 6e3
Hero JioruThl 3a 100 310X HAChIIIAIOTCS U TTIOPOT
BBIPOXKIAETCS

ITnaHMpoOBIINK ReduceLROnPlateau MHOXuTeNb 0.5, Teprienne 3, crenut 3a val_loss

@OyHKIMS TTIOTEPh CrossEntropy 6aJlaHCMPOBKA KIaccoB BbIK/IoueHa (——balance
none); moctymHbl l0ss (Bec n_good / n_bad)wnu
sampler

batu / antoxn 16 /100 paHHSIS OCTAHOBKA IOCye 25 310X 6e3 yIyJIleHus

OT60p UEKITOMHTA OKHO 5 oreHka snoxu — ROC-AUC, cria>keHHBbIi 110
MOC/IeAHUM 5 3TI0XaM; 0 3aTI0THEHUS OKHA YeKTTOVHT
He coxpaHseTcs, ipu paBHOM AUC pemraer F1

Bec rosyioBsI 06/1aCTH 0.3 ——region-loss-weight ; CHUMKM C HEM3BECTHOI
0061aCThIO B €€ 1oss He BXOOAT

O6pe3ka rpaiueHTOB HopMma 5.0 3alInTa OT BHIOPOCOB

3amoposka backbone BCerma ——freeze—epochs -1 mo ymomyaHuio (JIMHENHbI
30H/); MpU pasMmopaskuBanuy Ir magaer B 10 pas

Seed / ycTpoiicTBO 42 / aBTO MOPSIIOK BbIOOpa ycrpoiictBa: CUDA — MPS — CPU

IMouemy nuHeltHbI 30HA,. [Ipy ~250 yHUKaAbHBIX CHMMKax MoJHbIN fine-tune ResNetl8 3a HeCcKolbKO
910X 3allOMMHAeT 00y4valollyio BeIGOPKY: train F1 ctpemutcs K 1.0, a val AUC mapaet K 0.5. [TosTomy 110
ymosmvyaHuio backbone 3amoposkeH M 00yuyaeTcst TOJIbKO rosioBa Ha npusHakax ImageNet. [Ipu 3amoposke
ctou BatchNorm ocraiorcs B peskuMe eval : MHade Geryiye CTaTUCTUMKU MPOAoJiKaiyu Obl OGHOBISTHCI U
TIPU3HAKU «ye3Ka/in» O6bI OT TeX, Ha KOTOPBIX pACCUUTHIBATIACH CTAHAAPTU3AIINSL.

IMouemy mopor mo jgoruty. Ilopor XpaHurcs u npumensiercs B jorutax (log-odds): mocsie o6yueHust
JVHENHbIN 30H[ pa3nesiseT 00ydJarollyl0 BbIOOPKY MOUYTH MAeaabHO, BEpPOSATHOCTM HachimawTcs B 0/1, u
TOpOr B eAMHUIIAX BEePOSITHOCTM BbIpOXKIaeTcs. [Ijig yesoBeka MOPOT MepeBOUTCS B BEPOSITHOCTh uepes
curmouy. ROC-AUC n PR-AUC cumnTaroTcs o BEpOSITHOCTSIM M OT ITOPOTa He 3aBUCST.

Kak nmop6upaercss mopor. Ha Kakmoii smoxe 1Mo BaliuJalyyu: KaHOMUIAThI — BCe HabJ0JaeMble JIOTUTBI
IUTIOC Kpasl ayuana3oHa, BeioupaeTcss Mmakcumym F1; mpu paBHOM F1 Gep€Tcst MeHbIINIT JIOTUT, YTOOBI HE
TepsaTh recall. AprymeHT —-min-recall MO3BOJISIET BMECTO 3TOTO B3SITh MaKCMMAaJIbHBIN opor ¢ recall He
HIDKe 33[JaHHOTO.

PaGounit yeKmoMHT. JIyuiasi aroxa — 39 u3 MporoHa B 64 snoxu (00yueHyue OCTaHOBJIEHO IO TEPIIEHUIO),
nopor jgoruta -0.4930 (BepositTHOCTb 0.379). MeTpuKM 5TOi 3II0XM — B paspgesie 12, dyecTHasl OlleHKa
BapuaHTa Ha st seed'ax — ROC-AUC 0.6764.

6.3. YeKNnouHT U OTYETDI

YeKITOMHT CaMOIOCTAaTOUEH: KPOMe BECOB B HEM JieskaT apXUTEKTypa, apaMeTphbl IIpegoopaboTKy, TOPOr 1
MPOMCXOXKIEHME TaHHbIX, [I09TOMY MH(pEepeHC He MOXKET PaCCMHXPOHU3MPOBATHCS C 06yUeHMEM.



Mone Copepxxumoe
model_state_dict Beca cetu; format_version — 2

backbone, head apXUTEKTypa; IPY IBHOM PaCXOXKIeHUM C 3alIPOILIEeHHOI 3arpy3ka
3aBepIIaeTCs ONIMOKOI

preprocess IapaMeTphl Ipeno6paboTKy (pasmen 5)

threshold, threshold_logit paboumii MOPOT 1O JIOTMTaM

labels_csv, split_file Ha KaKoJi pa3MeTKe U Ha KaKOM pa3bueHny obyueHa MOJIEeNb

epoch, val_metrics, 310Xa, €6 METPUKM U CITIasKeHHasl Ol[eHKa, TI0 KOTOPOi1 BIOPAaH YEKITOMHT

selection_score

history, optimizer_state_dict MCTOPUS OOYUEHMS U COCTOSIHYE ONITYMM3aTOpa

PagoM C 4yeKmoMHTOM OOyueHMe NuIIeT train_report.md ¥ train_report.json: rureprapameTrpsl,
MeTPUKM Ha BaIUOALMM, METPUKY I10 06/IaCTSIM M MCTOPUIO IO 31oXaM. ApredakThl KIagyTcs B ——output—
dir (mo ymosuaHuio models).

7. OnpepeneHne aHaTOMUYeCKOW obnacTun

O6nacTp ompenensieTcsl MO CONEPXKMMOMY CHMMKA, a He II0 MMeHM (aiiyla: Ha 3aKpbITOM Habope
cormameHne 06 ¥MeHaX MOXET OTCYTCTBOBaTh. PellleHue TMPUHMMAETCS TI0 TeOMeTpuM Kajpa
(resolve_region B src/dxa/inference.py) He3aBUCMMO OT MOZEeNIM KauecTBa; OOydYeHHas
BCITOMOTaTe bHas T0JI0BA 06/1aCTY TTPUBJIEKAETCS TOJIbKO KaK YTOUHEHME.

[TpusHaky cumtaeT PyHKUMS heuristic_signals IT0 MacKe SIPKO¥ (KOCTHO}) TKaHM C TIOPOToOM IO 95-my

MEePLEeHTUIIO:
MpusHak Y10 nsmepsier
width HMIVPVHA KaJipa B MYKCEISIX — OCHOBHOJ IIPU3HAK 00JIaCTY Ha 9TOM 000PYAOBaHUN (Y
rmo3BoHouHMKa 300 px, y 6eapa 280 px)
bbox_aspect OTHOIIIEHIE BBICOTHI SIPKOJ 06/1aCTH K €€ IMUpuHe (BBITSIHYTOCTbD)
left_right_ratio repeBec CBeTMMOCTM JIeBOi ITOJIOBMHBI HaJl ITPaBOii — HAKJIOH B CTOPOHY Gefipa
symmetry CUMMeTPUS M300pakeHsI OTHOCUTETbHO BEPTUKAIbHOI OCK

[MTopor HmMpuHbI 3a4aH KOHCTAHTOi SPINE_MIN_WIDTH = 295 .IIOpsmoK pelieHnii:

1. ecit mmpuHa Kagpa > 295 — spine, yBepeHHOCTS 0.8;

2. uHayve (6eIpo) — CTOPOHA II0 ITepeBecy cBeTUMOCTH: left_right_ratio > 1.3 gaér hip_right,< 0.7 —
hip_left, yBepeHHocTs 0.6;

3. Ipu IPOMEsKyTOYHOM TiepeBece — IpecKa3aHue TOMI0Bbl 06/1acTy, ecyiv e€ yBepeHHOCTh > 0.5;

4. ecJIu ¥ OHO HEYBepPEHHO — 0611as 06yacth hip ¢ yBepeHHOCTBIO 0.4.

Ecam mmprHa Kaapa HeM3BeCTHA, MCIOJIb3YeTCs MHpeacKa3aHye TOJIOBbI, a 3areM (opma sSpKoii 061acTu
(bbox_aspect u symmetry).

TouHocTb. ComocTaBIeHKe ¢ 00/1aCThIO U3 paboyeit pazmeTku (252 cHUMKa, pasmen 4):



Y10 npoBepsinocb PesynbTar

TI03BOHOUYHMK 99 /99
Cropona 6eapa (mpaBoe / ieBoe) 135 /152 (88.8 %)
HWToro 1o BceM 0671aCTSIM 234 /251 (93.2 %)

PasnuueHne II03BOHOUHMKA M Oempa IO IIMpMHE Kagpa paboraer 0e30InMO0YHO, a CTOpoOHA Oempa
orpe[iesisieTcsl MeHee HaZlésKHO: TIepeBec CBeTUMOCTHM ITyTaeT JieBoe U IpaBoe B 17 cryvasax u3 152. CtopoHa
He TipoBepsiiack 1o teram DICOM — Laterality B Habope ITycT, — MMO3TOMY 3TO orpaHuyeHue (pasmen 17,
1. 7), a He M3MepeHHas olnbKa MOLEeIN.

[Tpu3HaK «IIMpUHA Kaapa» IPUBSI3aH K TeKyIeMy anmapaty. OH 6e301M60ueH Ha STOM Habope, HO TIPY CMeHe
060pyIOBaHMS MOPOT MOTpebyeT KaanmbpoBKu — paszen 17, orpaHuueHue 8.

8. TakcoHOMUSA HapyLIeHUN KaYyecTBa

Konp! TMIIOB Hapy1eHMit coOpaHbl B OLHOM MoAysie src/dxa/violations.py . PaHbile cjioBapb 661 CBOJ B
TpEX Mecrax (MHbepeHC, main.py ¥ BebG-mHTepdeiic), U HM OmHA KOMMS He 3HaJlia KOAOB 3KCIIEPTHOM
Ta0JIMIIBI; TEIIEPh KOIbI, PYCCKIME MOATIMCH U TTIOSICHEHMS 3aIaHbl OJIMH Pa3, a CepBep OTHAET UX KIMEHTY.

Kopn Mopanucb O6nacTtb UcTouHuk

positioning HexkoppekTHas ykiagka spine 9KCIIepTHAasI Tabiniia

axis_deviation OTKJIOHEHME OCU spine 9KCIlepTHasl Tabiniia

artifact ApTedaKTbl I UMIUTAHTBI Jobast 9KCIIepTHasI TabimIa

rotation Poranus / hip 9KCIIepTHasl Tabiniia
MO3ULIMOHMUPOBaHME

roi_incorrect HekoppekTHas 06/1aCTh Jobast 9KCIIepTHasI Tabimiia
MHTEpeca

motion [ BU>KeHMe, pa3MbITHE Jo6as condition_doctor. txt

incomplete_anatomy | AHaTomusi BUHa He Jr06as condition_doctor.txt
TMOJTHOCTBIO

labeling_error OmnbKa pasMeTKu spine condition_doctor.txt

unspecified Hapyienne 6e3 yrouHeHust | Jiobast CUCTEMHBIN KO/,

Y KaXIoro Kojia ecThb MOsICHEHMe, YeM HapyllleHMe MellaeT M3MepeHuo (Hampumep, Ojas rotation — 4To
MaJiblii BepTeJ BUAEH CIMIIKOM XOPOIIO M Illefika 6eapa KakeTcs YKOpoueHHoi). PyHKius catalogue()
OTHAET CI0Baphb uepes /api/vl/model, IOSTOMY IIOAIINMCH B MHTep@elice 1 B BBITPYy3Ke HE MOIYT Pa30iTUCh
C KOJaMMu.

Onsa tekcroBoro oryéta DICOM SR y Kakmoro Koja 3afaHbl YCIOBHBIM UMCIOBOM KOH, M aHINIMICKas
dbopmynuposka. [ToaHoeHHOTO cripaBouyHnka SNOMED/DICOM nJjist KOHTposst KauectBa DXA B Habope Her,
MO3TOMY KO[ibl YCJIOBHBIE M BCETAA UAYT PSLOM C TEKCTOM: NMPUTOLHBI CHUMOK Kogupyetcs 113001 (DXA
image quality acceptable) ¢ dmarom FINAL, HapymieHue — ¢ ¢arom WARNING. VcrapeBiiue 3HaYeHMUS
BHEIIHMX UCTOYHUKOB (artifact_motion, roi_error, position_error, quality_violation_detected un
IpyTie) IPUBOAUT K KAHOHY (DYHKIMS canon_type.



8.1. Tun HapyweHus B pa3meTKe

OKcIlepTHas Tab/aMIla KOAMPYET He BCe NEeBITb KOMOB, a MSITh: positioning, axis_deviation, artifact,
rotation, roi_incorrect . PacmnpeneneHue B paboueii pasMeTKe (B UeThIPEX M3 77 HAPYIIEHMIT YKAa3aHO I10
IBa KpUTEPUs, II03TOMY CyMMa OoJibiie 77):

Kop CHMMKOB
rotation 36
artifact 17
axis_deviation 10
roi_incorrect 7
positioning 6
unspecified 5

Kompr motion, incomplete_anatomy u labeling_error B pa3MeTKe He BCTpeualoTcs: Tabiauiia ux He
KOIMPYeT, XOTH CJIOBapb UX 3HaeT paay KputepueB condition_doctor.txt. [I9Tb CHUMKOB MMEIOT TOJILKO
unspecified, MOTOMY UTO UCTOYHUMK HE YKa3bIBAE€T KPUTEPUIA.

8.2. Tun HapyweHus npn nHgepeHce

Mopenb penraeTt TOIbKO OMHAPHYIO 3a7a4y, TOITOMY TUII JIJIT CHMMKA C HapylleHreM BbloupaeT QyHKIMS
classify_violation_type mo [HemiéBbIM IpM3HaKam: pa3MbiTue (laplacian_variance), [0Sl TJIOTHBIX
rmKceseit (bright_fraction) u BBITSIHYTOCTB SIpKOi obmactu (bbox_aspect mist 6empa). Ilpu oTcyTCTBUM
BbIpaKeHHOTI'0 IIpM3HaKa BO3BpalllaeTcsa unspecified.

Ha Tekyl1iem UeKIOMHTe 3Ta BeTKa MpaKkTuuecku BoipokaeHa. [loporu motion_threshold u
artifact_threshold B BbI30B He mepenanTCs, TO3TOMY AECTBYIOT 3HauUeHMs o ymoadanuio (0.0 u 1.0),
KOTOPbIX IPU3HAKHU TOCTUYb HE MOTYT, a yJIoBMe potaunu ( bbox_aspect BHe nuamasona 0.4-3.0) Ha HaGope He
cpabaTbiBaet. [TporoH mo Bcem 548 daitiam gaét ogMHAKOBbIN pe3y/bTaT: Bce 341 peleHue ¢ HapyleHEM
rnomMmeueHbl unspecified . [Ijs comepskaTebHOTrO THUIIA HY>KHA pa3MeTKa TMUITOB Ha YPOBHE CHUMKA 1 00YUeHHbI
MYIbTUIIEN0I-KnaccuburaTop (pasmen 18), mostomy B otBeTe API Tum Bcerma uaeT ¢ ¢uiarom
violation_type_is_heuristic = true.

9. ®opmaTbl BXOAHbIX N BbIXOAHbIX AaHHbIX

9.1. Bxop,

Omun ¢aitn DICOM (mas API — ogmun HTTP-3arpyskoii, gjist CLI — ¢aiin uam kKaTagor ¢ peKypCMBHBIM
06xomoMm). MccimemoBaHyue MOXKET COIepsKaTh HECKOJIbKO CHMMKOB — KayKIblii 00pabaThIBAETCSI OTOEIBHO U
IaET OTHETbHYIO CTPOKY OTUéTA. ITepes 06paboTKOI (paiiin unTaeTcs meJMKOM; IIPY OMIMOKe YTEHUS CTPOKa
TOJIy4aeT cTaTyc 605, a aKeT MPOI0JIKAETCS.

9.2. BoixogHo thann

CocTtaB CTOJOIOB IIpOBEpEeH Ha pealbHbIX HporoHax — u uepe3 CLI, u uepe3 /api/vl/export.
O6si3aTenibHbIe BOCEMb CTOJIOLIOB 3aJaHMs COBHAZAIOT B O00OMX IYyTIX 10 COCTaBY U TIOPSAKY;
IOIOJTHUTEIbHO IUIIyTcs confidence u violation_reason, a CLI-uH(epeHc mobaBisieT OgMHHAAIATBIN
cronber region_confidence . Tabnuia Huske oTpaskaetr CLI-BbIBO; B OTBeTe /api/vl/export IociegHero
cTOJIOLIA HEeT.



Ne CTtonbeuy Tun Copaepxumoe

1 path_to_study CTpOKa IIyTh K UCC/IeJOBAaHMIO (IJ1s1 3arpy3ku yepe3 API —
upload://vms)

2 study_uid CTpOKa StudyInstanceUID u3 DICOM

3 image_uid CTpOKa SOPInstanceUID u3 DICOM

4 anatomical_region CTpOKa spine / hip_left / hip_right / hip

5 quality_class 1esioe 0 — KauecTBeHHOe, 1 — eCTb HapyllleHue

6 violation_type CTpOKa KOJI, HapyLIeHus WIN IIYCTO

7 processing_status CTpOKa Success ymmbo Failure: <npuyunHa>

8 time_of_processing BellleCTBEHHOE BpeMsi 06pabOTKY CHUMKA, CEKYH/TbI

9 confidence BelleCTBEHHOe YBEPEHHOCTb MOJeJ/IM B pellieHUN

10 violation_reason CTpOKa TEKCTOBOE TOSICHEHVE K OTHECEHHON KaTeropum
11 region_confidence BellleCTBEHHOEe YBEPEHHOCTb OTIpe/ie/IeHNsT 06J1acTh

Bpemst 06paboTKM OTHAETCS B CTONOIE (haiiia pe3y/bTaToB; OOMHOUHbINA oTBeT POST /api/vl/analyze 3Toro
CTOJIOIIA HE COMEPSKUT — IIPY MHTErPAIy BpeMs U3MEPSIETCSI Ha CTOPOHE BBI3bIBAIOIIEN CCTEMBI (CM. pasm. 10 u
13).

PacxoxxmeHre POBHO B OIVH CTOJIOEI] — eAMHCTBEHHOE Pa3Inyle ABYX ITyTeli BBITPY3KM; OHO TIePeurcIeHo B
paspeine 16. O6s13aTebHbIe CTOIOLBI M UX TTOPSITOK TP 3TOM OJMHAKOBBI, [IO3TOMY aBTOMATUYECKuit pa3dbop
Pe3y/IbTaTOB He 3aBUCUT OT TOTO, KAKMM ITyTEM TMOJTyYeH (aii.

10. API cepBuca

Cepsuc Ha FastAPI. MapuipyThl ¥ COCTaB I0JIeli OTBETOB HIDKe IPMBEIEHbI M0 (aKTUUYECKMM OTBETAM Ha
3ampocax K TeCToBbIM (aiiyiaM, a He TI0 cxeMe U3 JOKYMeHTaluy KoJa.

MeTton MyTtb HasHaueHue

GET / Be6-mHTepdeiic

GET /api/vl/health CcTaTyC cepBuca; rmojs oteeta: status, device, model_loaded,
model

GET /api/vl1l/model kapTouka pemreHusi: model, labels, dataset, comparison,

violations, limitations, sources, snapshot_date, loaded

POST /api/vl/analyze a”anmM3 ogHOro (daiina (multipart-sarpyska)

POST /api/vl/analyze/detailed @ pacuMpeHHbII OTUET, ONIMOHATBHO C MAaCKOM

POST /api/vl/analyze/sr TeKCTOBOe npexacraBiaeHue otyéta DICOM SR: format, sr_content,
UID

POST /api/vl/batch rmakeTHast 06paboTKa HeCKOJIbKMX (aiiios

POST /api/vl/export rakeTHast 06paboTKa 1 BeIrpy3ka B XLSX



10.1. CocTaB oTBeTa /api/vl/analyze

ITonsa: filename, study_uid, image_uid, anatomical_region, region_confidence, quality_class,
quality_label, overall_quality, severity, confidence, confidence_per_class,
threshold_probability, violation_type, violation_type_label, violation_type_is_heuristic,
violation_type_note, reason, metrics, samples, processing_status.

IIBa moJist 3aCIY>KMBAKOT ITOSICHEHUS ITPU MHTETrpalun:

e violation_type_is_heuristic = true — TUII HapylleHUs ONPeIe/EH 110 U3MePsieMbIM ITPU3HAKaAM
CHMMKAa, a He IIpeacKa3aH MOIe/IbI0; MOIE/Ib pelllaeT TOJAbKO OMHApHYIO 3amauy. dyar oTHaéTcst KIMEHTY
SIBHO, UYTOOBI 3TO pas/inuye He TePsUIoCh B MHTErpalui.

e quality_label, violation_type_label, violation_type_note — roToBble MOAIIMCH IIJIT MHTepderica.
OHM IPUXOMST C cepBepa: KIMEHT He TePKUT COOCTBEHHBIX KOMMIA CJIOBAps, TO3TOMY MOAIMCY HE MOTYT
pa3oiTUCh C KOOAMM.

10.2. PacwumpeHHbIn OTBeT /api/vl/analyze/detailed

JTOTIOJTHUTENIBHO K IIpeAbIaAylieMy Habopy: image (BM3yaiu3amys CHMMKA), mask (Macka 30HbI M3MepeHus,
MpM 3ampoce), reasons, metrics_note, view_quality, a TakKe Wu3MepeHMs] IO 0O6JACTIM:
spine_completeness, hip_completeness, hip_rotation.

Vi3mepeHMs B pacIMPeHHOM OTBETE COITPOBOXKIAIOTCSI TIOMETKOM O TOM, UYTO MX MIOPOTY He KaIMOPOBaHbI (pas3l.
17), ¥ He IpeBpaIIAIOTCS B BEPAMKTHI «[Ia/HeT»: MHTepdeiic MoKa3bIBaeT ymcia.

11. Be6G-nHTepcenc

Wutepdeiic npemHasHaueH g PY4YHOI IIPOBEpPKM pabOThI cepBuca M [JIs JEMOHCTpalMM: 3arpyska
(aiinoB, TabaMiia pe3ynabTATOB CO CTATUCTMKON, HaHeIb JdeTajeli 10 BbIOPAaHHON CTpOKe M maHenb «O
MOJIeJIV» C MUCTOYHMKOM 3arpy>KeHHOTO YeKITOMHTA.

0,
3 o 2 o 1 ., 40.3%
Bcero ¢aiinos Kavecteo OK HapyLieHus Cp. yBepeHHOCTb MOJENu
B Ckavats CSV W OuncTuts
b Haxmure Ha moﬁylo CTROKY — HWXE OTKDOETCA naHenb geTanei: naMepeHUs CHUMKa, TN HapylweHWA 1 BU3yanu3aauua.
3aronoeku cTonBUoB COPTUPYIOT TabnuLy, a KHOMKa « OTKPLITL» B KOHLLE CTPOKM AenaeT To Xe CaMOe, YTO W KWK N0 Hel.
Bce pernoHsbl v Bce cTatychl v
@AMN & PETMOH 2 KAYECTBO % ¥BEPEHHOCTDbL %
spine_01.dem
- Mo3soHOYHKMK HapyweHxue — 51.6% OTKpbITE >
UID: 1.2.643.5.1.13.13.12...
I_hip_01.decm
—p Benpo nesoe oK - 34.8% OTKpbLITE >
UID: 1.2.643.5.1.13.13.12...
r_hip_01.dcm
-Nip Benpo npasoe oK -— 34.5% OTKRBITE >

UID: 1.2.643.5.1.13.13.12...

Pyc. 1. PesynbpraTsl 06pabOTKM: I10JI0CA COCTOSIHMSI IIOKA3bIBAET, KAKOI UEKIIOMHT OTBevaeT (pa3MeTKa, 3110Xa, II0POr), PSIAOM —
CTaTMUCTHKA U TABINIIa CHUMKOB.
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Hapyuwenne  ECTs HapylekMe kasecTsa OK  KauecTsentoe usoGpaxenvie

VienTupukatops

VinenTuguKaropsi
Study uID: 12,640.5,1.13.13.12.2.77.8 Study uDD: 1.2,643.5.1.13.13.22.2.77.8:
Inage U 12,603.5,1.13.13.12.2.77.8 Inage U 1.2.663.5.1.13.13.1
OcHoaan oopMaLn Rerann kavecrea OcHosHas widopMaLIn Rerann kavecraa
®ain: spine_01_bad.dem  Tun HapyweHms: HapylweHue 6e3 yTOUHeHUA  sspucTika. Daitn: I_hip_0l.dem  Tun Hapywenus: KoppekTHo
Pervon Tossonoumnk Knacc: Genpo neaoe  Knace: 0
Veepennocrs peruona 800% 600%  Mopor pewens 379%
Monwora (cnpas.) YacTHuHbii T a YacTHuHbI

Wabops

o6

661%  Kavec: GooD

Veepensocrs Mogen
NONE

Bephi: s67% Cepyésnocrs:
Cepyi 8%
Hapywenve: 63.9%
£ Mamepenua chvka Peakocrs (FFT) Kamp Ropor uacen
Peavocrs (FFT) Kanp Topor wacxn 0002964 280x291 P90
0.003220 300x315 pg0
a3 P
B 3oma wrepeca Pasuep s0us! BBox Saveaih
Paswep 3o BBox Eaw— 141x290 x:84-225, y:0-290 2
89x314 x:105-194, y:0-314 2
® senp
Rlonora (cnp: Coommowene cropow v P 3 npas)
Her 2.06 0.0 1

Puc. 2a. HapylieHue: ypoBeHb, 3aK/IIOUEHVE C BEPOSITHOCTBIO M Puc. 26. KauecTBEHHDI CHUMOK: M3MepeHMUs MOIMMCAaHbI KaK

TIOPOTOM, TUTT HAPYIIEHNS C TIOMETKOM «3BPUCTUKA». CIIpaBOYHbIE.

OTnenbHbIM TPUHIUIT — MHTEPQETic He YTBEPKAAET O0JIbIlie, YeM M3BECTHO PEIlIeHUIO:

e TUN HApyIIEHMS ITOKA3aH C TIOMETKON «3BPUCTUKA» U TOSICHEHMEM, UTO MO/Ie/Ib PEIIAeT TOAbKO
OMHApHYIO 3a7a4y;

e MeTpyrKa pabodvero 4eKIouHTAa ITOMeueHa KaK 3aBbIIIeHHAs (YUEKTIOVHT BbIOMPAJICS JIYUIIUM U3 TISITU
seed'0B), a YeCTHasI OIleHKA BapMaHTa IIPUBeIeHAa PSIOM — B ITaHean «O Momen»;

® [UINTKA CPeIHEl YBePEHHOCTY HEe Ha3bIBAETCSI TOUHOCTBIO: TOUHOCTD TPeOYeT STaIOHHBIX METOK,
KOTOPBIX JIJIST IPOM3BOJIBHOTO (haiiia HeT,

® YICJIOBbIE M3MEPEHMS MaHe/ M JeTaleil UAYT MO UCKIeiMePOM O HeKaJIu6pOBaHHOCTH ITOPOTOB.



©® O mopenu u pasmeTke

Paboumnit YEKNOUHT:
ApXWTeKTYpa:

Pasmerka:

Pas6ueHue:

Dain YeKnonHTa M3MeHEH:

Mopor pelleHKa:

models/dxa_medel.pth

resnet18 + linear (MMHelHbIA 30HA, backbone 3aMopoxeH)

labels/labels_images.csv

no ymo, , crpart aHHOE N0 MCCNEfOBAHNAM
2026-09-26T22:36:14

norut -0.493013 = BepoATHOCTb 37.9%

A 370 06LINHBIA NPOroH ¢ seed Mo YMONHAHMIO, 8 HE NYHWWIA 3 BbIBOPKU. He3aBbileHHas 0XKMAAeMan OLEHKE TOMD e BapMaHTa pa3MeTku — cpefHee no naTu seed'am: ROC-AUC 0.6764 [0.6309, 0.7218].
Ero coBeTBeHHan BanuaalMoHHan ROC-AUC 0.6706 6113Ka K 3TOMY CPEIHEMY.

CHUMOK ceeneHuid: 2026-09-26

I KauecTso: sbi6Op NpaBuna pasmeTku

METPHUKA TONbKO IKCNEPTHARA TABNTMUA
ROC-AUC 0.6764 [0.6309, 0.7218]
PR-AUC 0.4759 [0.4741, 0.6377]

F1 0.5676 [0.5270, 0.6082]

4 ROC-AUC +0.0564 [0.0403, 0.0725]

A PR-AUC +0.0713 [0.0398, 0.1028]

AF1 +0.0251 [-0.0058, 0.0558]

TABJIMLA WU CITYXEBHbBIE MOMETKH

0.6199 [0.5840, 0.6559]

0.4046 [0.3702, 0.4391)

0.5426 [0.5073, 0.5778]

MeTky MOXHO BpaTh TONLKO U3 SKCNEPTHOM TaBNKLbl KM AONOAHWTENBHO YYUTHIBATE CRyXeGHbe NOMETKK, NPOCTABNEHHbIE NPKU NoAroToske HaBopa. MoMEeTKW pacxeauKuck € OLEHKo 3kcnepTa 8 15 cydvasx na
252, No3ToMy NPaBUNo HYXHo Bbino BoiGpaTe namMepeHues. Banupauws: 53 chumkos, 16 Hapywenwii no stanony; seed'si: 0, 1, 2, 3, 4. 5 u3 5 seed'oB B nonb3y sxcnepTHoi Tabnuus MpuHaTo npasuno “table”
cnyxefiHblie NOMEeTKM B METKAX He Y4acTByIoT. 3TanoH — BepaMKT akcnepTa v3 labels/labels_images_expert.csv.

£ [aHHble

YHMUKANbHBIX CHAMKOB

252

CHUMKOB 6€3 3KCMIEPTHOM OLIEHKM

3

Wcenenosanmit

100

MossoHouHuK | Geppo R [ Geppo L
99/79/73

HapyLiexuii No skcnepTHoi TaBnuue HapyuweHuit B o6yJaiolel pasmeTke
74 77

DaANoB Ha AUCKe [lons HapyweHui

544 30.6%

Puc. 3. [Tanesnp «O MOJeN»: UCTOUHMK YEKIIOMHTA, METPUKN C JOBEPUTEJIbHBIMU MHTEPBaJIaMM, COCTaB JaHHBIX, CJIOBAPb

HapyILIeHMIT ¥ CIIMCOK OrpaHnveHmii. [lanHble mpuxomasT u3 /api/vl/model.

12. MeTpuku Ka4yecTBa

12.1. OcHoBHasl oLeHKa

OteHka mosiyueHa Ha (UKCMpPOBAHHOM pa3dbmeHuu Mo ucciaenoBaHusam (odyduenue 199 caumkos / 81

McCIemoBaHMe, BaMaanys 53 cuumka / 19 uccienoBanmii, 16 HapylieHuin), Tk seed'oB 00y4eHMs, STAIOH

— BEpOMKT O9Kclepra wu3 Tabmuilpl. IIpMOpUTETHBIE II0 3aJaHMI0O METPUKM MpuBedeHbl ¢ 95 %

OOBePUTEJIbHbBIMU MHTEPBAJIAMUA.

MeTpuka 3HauyeHue
ROC-AUC

PR-AUC

F1

Recall / 0.700/0.486

Precision

95 % Ou
[0.6309, 0.7218]
[0.4141, 0.5377]

[0.5270, 0.6082]

KommeHTapumn
IIPMOPUTETHAsI MeTpyKa 3a5aHus
6a30BbIl1 ypOBEHD IIpU JoJie HapymeHuit 30 % — okoso 0.30

nopor noa6upacs o F1 Ha Toli ske Bauaamnum, mo3TOMy
3HauYeHMe CMEIIeHO BBepX

paboyast Touka BhIOPaHHOTO TTOPOTa



12.2. OueHka no o6n1acTaAM N KOHTPOJbHbIE MPOBEPKN
Y10 namepeHo 3HauyeHne Kak nony4yeHo

ROC-AUC: Mo3BOHOYHMK / 6eipo 0.943/0.576 /0.550 | paboumnii YeKIIOMHT, COOCTBEHHAsI BaIMIAIIMS
mpaBoe / 6egpo jeBoe

KoHTposibHas 3a7aua «II03BOHOUHUK AUC 1.00 = mpoBepKa pabOTOCIIOCOOHOCTY TaiiIiaiiHa, a He
/ 6enpo» KIMHUYECKass MeTPUKa

Mopenb MpOTUB IIpaBuiIa 0.854 mpotus 0.529 | oieHKa Ha BCEM Habope, BKIIOUast 0OyJarolue
«IIO3BOHOYHMK = HapylIeHue» CHMMKM, ITIO3TOMY CMeIllleHa BBEpPX

Pa361BKa 110 06/1aCTSIM HY)KHA [IOTOMY, UTO HapyIIeHMs pacipeaeaeHbl HEpaBHOMEPHO: B IIO3BOHOUHMKeE 33
u3 99 cCHMMKOB, y 6€émep 21-22 u3 73-79, a cama 06/71aCTh IIOYTM OTHO3HAUYHO OIpEeIesIsIeTcs 10 IIMPUHE
Kaapa. ITostomy o6mmit AUC 4YacTUMUHO OTpaskaeT pasindeHue 06jaCTv, a He TOJIbKO paclio3HaBaHUe
medekra. UTOOBI OTOENINTH OAHO OT APYIOro, BHIIIOIHEHA IIPOBEPKA: ITPABMUIIO «II03BOHOUYHMK = HaPYIIEHNE»
naét BHyTpu obsacteii 0.50 (rmoackasku Het), Mogenb — 0.85-0.93. DTo o3HAYAET, YTO MOETb UCIIOTb3YeT
coep>K1MMOe CHMMKA, a He TOJIbKO 00J1acTb.

12.3. BbiGop npaBunia pasmeTku

MeTpuka (3TanoH) TONbKO Ta6nuua ¢ cycdhdukcamu UMEH
ROC-AUC 0.6764 [0.6309, 0.7218] 0.6199 [0.5840, 0.6559]
PR-AUC 0.4759[0.4141, 0.5377] 0.4046 [0.3702, 0.4391]
F1 0.5676[0.5270, 0.6082] 0.5426 [0.5073, 0.5778]
Recall / Precision 0.700/0.486 0.863 /0.404

[TapHas pas3Huna (Tosbko Tabauia MuHyc ¢ cybdurcamm): ROC-AUC +0.0564 [+0.0403, +0.0725], PR-AUC
+0.0713 [+0.0398, +0.1028] — 3HAKM +++++, TO €CTb MPEMMYINECTBO Ha Bcex msATU seed'ax. IIpuHSTO
MPaBUJIO «TOJIBKO SKCIepPTHas Tabauiia». OroBopka, BaskHasi IJisI MHTepIIpeTalyii: STaJIOH — Ta JKe TabyuIia,
MO3TOMY BapMaHT, 00y4aBIIMIICS HA Hel, HAXOMUTCS B BBIUTPBIIIHOM TTOJIOKEHUN; 3HAUMMO 3]IeCh TO, UTO
nob6aBieHVe HEHAIEKHBIX TOMETOK COIIACHe C SKCIIEPTOM CHUXKAET, a He IMOBBIIIAeT.

13. NMpon3BoguTENIbHOCTb N CUCTEMHbIE TPe6oBaHUA

13.1. U3mepeHuns

Vi3sMepeHMsT BBIIIOJIHEHBI Ha paboueii MamyHe paspaborumka (macOS, Apple Silicon) Ha mosHOM Habope
IaHHbIX — 548 (aitnoB B dataset_hack (544 obGyuaroniux Iioc 4 TeCTOBbIX). HGepeHC MPUHYIUTETbHO
nepeBenén Ha CPU mapameTpom —-device cpu, YTOOBI UMCIa He 3aBUCEN OT HATMIUS YCKOPUTEIS.



CPU, Bxiouaet ureHue DICOM, npeno6paboTKy U IPOXOI, CETHU

OT 3amycka npouecca 1o 3anucu XLSX, BK/Irouas 3arpy3Ky 4eKIouHTa

BBI30B BHYTPMU MpOLIecca, Iocje mporpesa; nepsbiii 3arpoc 390 mc.

3mech yCTpOICTBO BbhIOpaHo aBTOMaTHuecku (MPS), Ha CPU 3HaueHMe

MNMokasatenb 3HauyeHue Ycnosus
Bpems Ha 0.021c¢
1306pakeHne
(MenuaHa)
Bpems Ha 0.131 ¢ | TOT ke MPOTOH; TIEPBbI/i CHUMOK BK/IIOUAET MPOTPEB
n300paxkeHne
(Makcumym)
[Taket menukom (548 12.1c
aitnoB)
Ilons ycrenHo 548 /548 (100 %) = omMOOK YTeHMSI HAa 9TOM Habope HeT
00paboTaHHbBIX
(arinos
[InkoBas mamsTh ~ 640 Mb | maximum resident set size, maketHbiit CPU-uHdepeHc
npouecca
OrBetr API Ha oguH 16-18 mc
aiin
TOTO 3Ke TOPSIAKAa — CM. Me[MaHy MaKeTHOTO MPOroHa BhIlle
Bpems crapra ~3c | UMIIOPT 6GMGIMOTEK U 3aTPy3Ka YeKIIOMHTA

cepBuca

Orcroga cilenyer HpHMOﬁ OTBET Ha Tp€60BaHI/Ie «He Ooiee 3 MMHYT Ha MCCIeOOBaHME»: OdaXe ecC/in

MCCIeIOBaHMe COOEPsKUT MaKCMMabHbIe 110 3aJJaHMI0 TPM CHUMMKA, 06paboTKa 3aHMMaeT A0 CEKYH]IbI, a

TPEXMUHYTHBIN OIOMKET PAacXoIyeTcsl MPaKTUUeCKU TOJbKO Ha Tepenauy (aitoB ¥ HaKIaIHbIE PACXOJIbI

MHTEerpanummn. 3artac 6ojiee uem TpéXKpaTHbIVI, ITO3TOMY Y3KMM MECTOM peIlIeHMe HEe OrpaHMYMBaeT.

13.2. MMHumanbHasa n pekomeHgyemasi KoHdurypaums

Pecypc

IIpoieccop

OnepaTuBHas MaMsITh

I'padpuuecknit yckopuTeb

[McKoBOeE MPOCTPAHCTBO

CeTb

MuvHumanbHasa KoHburypauus

2 aapa x86-64 i ARM64

1.5 TB (u3mepeHHbIit UK = 640 MB +
3amnac Ha OC u Be6-CJ10i1)

He Tpeb6yeTcs: torch ycraHaBauBaeTcs
u3 CPU-uHpekca, uHpepenc Ha CPU
YKJIa[IbIBaeTCs B TpeOOBaHME 110 BpEMEHU

6a30BbIit 006pa3 python:3.11-slim (150
MB) + 3aBMCHMMOCTHU, KOJ, I YEKTIOUHT (43
MB) — Bcé BHyTpu o6pasa

He Tpebyetcst mpu paboTe: 06pas 1 Beca
(bukcupoBaHbI, 0OpaIIeHiT BO BHEIIHNE
CepPBUCHI HET

PekomeHayemas

4 gopa u 6osee; MHGEpeHC
BEKTOPM30BaH ¥ MaCIITabMPyeTCst 110
Kagpam

4TB

JIro6071 GPU ¢ nopmepskkoit CUDA 12.6,
Brmouast H200 (compute capability 9.0)
— BapuaHT cbopku Dockerfile_cuda

IIJIIOC MEeCTO IO, BXOAHbIE apXVBbI
DICOM u pe3ynbTaTsl

HyskHa TOIbKO 11t C6OpKM 06pasa u
3arpysky 6a30BbIX 3aBUCUMOCTEN

Pasmep oGpasa (u3mepeno). CPU-BapuanT: 1.46 T'B mox linux/armé64 u 1.8 I'b mox linux/amd64 . GPU-

BapuaHnT: 7.0 TB mop linux/amd64 — mouTu Bcé cBepx 6a3bl 3aHMMa0T CUDA-6MGIMOTEKN BHYTPU KOJIEC



torch (nvidia-cublas-cul2, nvidia-cudnn-cul2, nvidia-nccl-cul2 wu gpyrue). BasoBblii 06pa3s
python:3.11-slim — 150 MB; torch u torchvision 6epyrcsa us CPU-unmekca B CPU-BapuaHTe U U3 MHAEKCa
cu126 B GPU-Bapuanre, mostromy CUDA-koséca B CPU-00pa3 He nmomagaioT (TaM torch 2.8.0+cpu U HOJIb
nvidia-nakertos). laHHble, TecTbl, labels/, assets/ u docs/ B 00pa3 He BXOIAT; YeKNOWHT (43 MB),
Ha000POT, JIESKUT BHYTPY — MOHTHPOBATh KAaTaJIOT C MOJIE/ISIMY IIPY 3aITyCKe He HYKHO.

14. C6opka, 3anyck n pasBépTbiBaHne

14.1. CocTtaB obpa3sa
onemeHT 3HaueHue

ba3oBbIii 06pas python:3.11-slim (bukcupoBauHslii Ter); y GPU-BapuaHTa OH TOT Xe —
CUDA 1 cuDNN mpuxonsT BHyTpu KoJéc torch, otmenbublii nvidia/cuda -
00pas He HYKeH

3aBUCUMOCTH requirements.txt cTounbiMu Bepcusimu; CPU-BapuaHT 6epéT torch u
torchvision n3 CPU-ungekca PyTorch, GPU-BapuaHT — 13 MHIeKca cul26

Yro KommpyeTcs B 06pas src/, requirements.txt, run.sh uuekmouur models/dxa_model.pth
Yrto He KonupyeTcs IaHHble, TecThl, labels/, assets/, docs/ (cm. .dockerignore)
YeKIOMHT KOIMMPYETCS Ha 3Tare COOPKY U JIEXKUT B 00pa3e Kak

/app/models/dxa_model.pth ; myTb 3amaéTcs nepeMeHHOM
DXA_MODEL_PATH . MOHTMpPOBATh KaTaJIOr ¢ MOZEISIMU He HY>KHO

ITpoBepKu Ha 3Tare cOOPKU MUMITOPT NpWIokeHUs ( import src.main), Hamuuue odaitH-acceToB
dbpoHTeHAA 1 UMTaeMOCTh YeKIToMHTa (Kimtoun backbone, head, threshold);
cbopka rmajsaeT npm ux OTCYyTCTBUN

KoHTposb cocTossHUS HEALTHCHECK ob6pamiaetrcs Kk /api/vl/health kaxkmsie 30 ¢

3amyck docker—-compose.yml : cepBuc dxa—cpu mogHuMaeTcs o ymonyauuio, GPU-
cepBuc dxa—-cuda — mopm npoduiiem cuda

Touka BXona uvicorn src.main:app Ha nopty 8000

Mopenb BCTpoeHa B 06pas, MOITOMY IITATHO YEKIIOMHT Bcerma Ha mecte. Ecau daiin BCE ske HemoCTyIeH
(mampumep, o00pa3 TIOBpeXAEH), CepBUC BCE paBHO TMOAHMMAeTCsA: /api/vl/health coobmaet
model_loaded: false, a 3ampochl aHa/K3a BO3BPALIAIOT OLUIMOKY BMECTO TUXOI HEBEpPHOI OLIeHKU. ITO
CO3HaTeIbHbINl BHIOOP: OTCYTCTBME MOJEIM [AO/MDKHO ObITh 3aMeTHO cpa3y, a He TMPOSIBIAThCS Kak
«CTpaHHbIe» pe3yJIbTaThl.

Yro mpoBepeHO Ha camMom oGpase. C60pKa MPOXOIUT TPU BHYTPEHHME IMPOBEpPKM: app import ok,
frontend assets ok m checkpoint ok: resnetl8 linear threshold -0.4930129051208496 . KoHTeliHep
3amyuieH 6e3 emuMHOTro MOHTMpoOBaHMs (docker run -d -p 8000:8000 dxa—quality:cpu): UEKIIOMHT
MIPUCYTCTBYET BHYTpU obpasa ( /app/models/dxa_model.pth), /api/vl/health coo6miaer model_loaded:
true, device: cpu, amoxy 39 u ¢aitn pasmeTku labels/labels_images.csv, 3ampoc /api/vl/analyze
OTBeuaeT KOPPEKTHOI CTPOKO pe3ymbTaTa, a /api/vl/export Bo3BpamiaeT XLSX c oxkumaemMmbiM HA6Opom
cTosi6110B. CKBO3HAS MMPOBEPKA BBITIOJIHEHA B KOHTEHEPE Ha TO ke MalluHe, I[e CHUMAINCh U3MEPEHUS
npousBoauTenbHOCTHU. O6a BapuaHTa JOMOJHUTEIbHO COOpaHbI O[T 11e/ieBoii linux/amd64 (SMyISLMS Ha
Tol1 ske MamHe): CPU-06pas comepkut torch 2.8.0+cpu u HU ogHOro nvidia-makera, GPU-06pa3 — torch
2.8.0+cul26 ¢ cuDNN 9.10.2 u 6ubmmotekoii libtorch_cuda.so; B 060MX CEpBUC CTapTyeT, U



/api/vl/health, /api/vl/analyze u /api/v1l/export OTBeYalOT KOPpPEeKTHO (device: cpu, ITOCKOJIbKY
yckopuTess B MaliiHe Het). Pabota Ha camom GPU He npoBepsiiach: /i Heé Hy>KHa MalllfHa C JpaiiBepom
NVIDIA, rme kpurtepuit npuémkm — torch.cuda.is_available() == True wu device: cuda B
/api/vl/health.

14.2. Bocnpon3BognmocTtb
e Bepcum Bcex 3aBUCUMOCTEN 3adUKCUPOBaHbl, 6a30BbIi1 00pa3 3afaH Terom, Bepcuu torch u torchvision
YKa3aHbl SIBHO.
e (OOyueHMe AeTEPMUHMPOBAHO 10 seed; pa3breHe BbIOOPKM COXpaHseTcs B Gaii U MepencIioib3yeTcs.
e UYeKIOMHT CaMOOCTaTOUYEH: BHYTPU XpaHITCs backbone, head, mapameTpsl IIpeao6paboTKy,
threshold, a Takke labels_csv u split_file.IloaTomy 1o daiay BUIHO, Ha KaKOil pa3MeTKe 4 Ha
KaKOM pa3bueHuy IojydeHa MOAeb, a MHMepeHC He MOKeT PaCCMHXPOHU3MPOBATHCS C O0yUEeHMEM.
e (OTKa3s OT 3aBUCMMOCTY OT paboyvero KaTajaora: MyTh K MOAE/M M paboune KaTaJoru 3a0aTcs

nepeMeHHbIMIM OKPY>KEeHMN.

14.3. CO0pOUHbIN KOHBENep

Jenkinsfile BBINOJHSET TPM Iara: cbopka obpasa, myoeJIMKaLys B peecTp U BbIKIaAKa B KiacTep. CKpUIIT
run.sh — eauMHAs TOYKA BXO/A JIs pa3pabOTKM U SKCIUTyaTaluu: o0ydyeHne, pa3MeTKa, IpMBeieHe UMEH
daiinos, uHdepeHc, cepBuc, cpaBHEHME BAPMAHTOB Pa3MeTKU U TeCThl (llepeueHb KOMaH[, — MPUI0KeHNe
B). IIns 3amycka obpasa ectb docker—compose.yml c nBymsi cepBucamu (14.1). @aiiyn BBIKIAAKM swarm
(/data/deploy/rell-bone-2026/docker—-swarm.yml) JIESKUT BHE pENO3UTOPUSA: €CauM OH MOHTUpPYeT
KaTaJior ¢ MOJeasIMu B /app/models, MOHTMPOBaHME IepeKpOeT BCTPOEHHBINi UEKIOUHT, MO3TOMY €ro

HYKHO yOpaThb Mpy 0OHOBJIEHNUY BbIKIAIAKMA.

15. TecTbl 1 NpoBepKU

Tectbr — pytest, 209 mpoBepok B miecTu ¢aiiax; 3amyck — ./run.sh test wiu python -m pytest
tests/ —q.CBepKa BbIITOJTHEHA Ha AAaTy JoKyMeHTa: 209 passed.



dann

tests/test_labels.py

tests/test_excel_labels.py

tests/test_rename_files.py

tests/test_preprocess_and_model. py

tests/test_violations.py

tests/test_api_contract.py

TecToB

38

50

36

32

28

25

Yto npoBepsieT

pasbop MMEH, onpeeieHe 06/1aCTy M METKM 110 MMEHH,
cTpatuduLMpoBaHHOe pa3bueHe o UCCIeN0BaHMSIM,
OTCYTCTBME YTeUKM, PUKCALIMS U IT€PEUCIIONb30BaHe
pas6uenus B daiisie, CBepKa C peaJbHbIM JaTaCceTOM

pa3MeTKa I10 3KCIepTHO Tabyinile: UTeHre KPUTEPUEB,
MpaBwiIo «1 = HapylIeHue», TOJIOCOBaHME 110 06J1acTH,
TepeHoC OIleHKM Ha eIMHCTBEHHOe 6eJJpo, TPU MpaBuiia
meTku (table / union / expert), ux coriacOBaHHOCTb
Y TIOJIK/TIOYEHME K 00YUEeHNIO

nipuBenenye uMéd DICOM: pa36op 1 KaHOHM3ALUS,
MOVICK CBOGOZHOTO HOMEDPA ITpY KOHQIIMKTE, OTKA3
YrafibIBaTh 06/1aCTh, UK «IIPUMEHUTD — OTKATUTH»

KOH(UTrypauus ¥ HOpMUPOBKa, COOpPKa TeH30pa U
HopMmupoBKa ImageNet, MeTpuKu, mog6op mopora,
KOHTpaKT Mojenu, BatchNorm rmpu 3amopo3ske, roundtrip
YeKITOMHTA, IIPOBEPKA Ha peabHbIX CHMMKAX

eIVIHBIV CJI0Bapb TUIIOB: IPUBEAEHME YCTAPEBIINX
3HauYeHui, moamnmcu, Koabl SR 1 karasnor s API,
COIVIACOBAHHOCTH C KPUTEPUSIMU IKCIIEPTHO TaGIMIIbI

I10JIs1 OTBETOB, KOTOPbIE UMTAET BeO-uHTepderic:
6a30BbIil 1 HeTalbHbII aHAINU3, 3T0POBbEe M KaPTOUYKa
Mogeny, Beirpyska XLSX, 06pa6oTka omm6oxK;
Pas3IMUMMOCTh METPUK MEXIY CHUMKaMU ¥ BaJIUIHOCTD
PNG-Busyanusauni

OtnenbHBINE KOHTYp — Opay3epHble TIpoBepKM MHTepdeiica (tests/browser/*.js, Node u playwright-

core): OHM OTKpbIBAIOT MHTepdeiic Bo BpemeHHOM mpodmie Chrome, 3arpyxkaioT DICOM, KIMKAIOT IO

CTpOKaM TabIuibl M CHMMAIOT COAepKuMoOe IlaHeau pertajeii. TpebyeTcs 3amylleHHBbII cepBep Ha

127.0.0.1:8123 ; mpodwib IMOTb30BaTENST HE 3aTParnuBaeTcs.

CueHapun Y10 npoBepsieT

ui_check.js MTO/ICKAa3KY O KIMKAaGeJIbHOCTY CTPOK U €8 CKPbITHE TIPU ITyCTOM (PUIbTpE;

OTKPBITHE TIAHENN JleTajeil U3 CTPOKN; M3MeHeHMe 3HAaUeHW T IPU MTepeKTIoueHN N

CTPOK; HAIlO/JIHEHME ITaHe/IN «O momenn» MEeTpUKaMM " CHOBapéM

ui_violation.js BETKY «HapylieHue»: 6eimk, POOR, HIGH , TeKCT 3aK/IIOUeHNS

ui_offline.js OTCYTCTBME 0OpalleHuii CTPaHUIIbl K BHEITHUM XOCTaM

16. U3BeCTHbIe oWMnOKKN N nx o6padbortka

TpeboBaHMe 3aaHKsI — OTCYTCTBME HeOOpabOTaHHBIX MCKITIOUeHMIT: cO0it Ha ogHOM daiine GurcupyeTcs B

OTUéTe 1 He MpephiBaeT naket. Hiske — pakTmueckye peskMMbl 0TKasa 1 crrocod o6paboTKu.



Cutyauumsa

Omnbka uTeHust UM 06paboTKu
(aiina (CLI)

HenonpepskuBaemas ¢popma
pixel_array (He 2D u He 3D)

YeKnouHT OTCYTCTBYET MJIN HE
YUTaeTCsd

ApXUTeKTypa UeKIIOMHTA He
COBITaJIa C 3aIPOIIeHHOA

YeKNOMHT — «ChIPOii»
state_dict 6e3 MeTamaHHBIX

C60it B OMMHOUYHOM 3aIIpoce
/analyze,
/analyze/detailed,
/analyze/sr

C6oit ogHoro ¢aiiia B
/api/vl/batch

C6oit ogHoro ¢aiiia B
/api/vl/export

@aiin pa3MeTKM He HaligeH Mpu
obyueHnn

ITycToe pa3dueHue (HeT
06yJaIoIInX MU
BaJIMIALMOHHBIX CHYMMKOB)

MoBepeHne

cTpoka nmosydyaetT quality_class = -1,
o6nacts unknown , mycrsie UID u
processing_status = Failure:
<Tun>: <coobuwenne> (mo 120
CUMBOJIOB); OCTaJIbHbIE (haiiyibl
00pabaThIBAIOTCS Jasibliie

ValueError, nmpeBpaiiiaeTcs B
Failure: cormacHO CTpOKe BbIllle

cepBuc mogHuMaeTcs, /api/vl/health
otrmaét model_loaded: false,a
3ampocsl aHanmsa — HTTP 500
{"error": "Model not loaded"}

ValueError c yka3aHueM COXpaHEHHBIX
backbone / head

ValueError : dbaitr He comepkuT
model_state_dict

HTTP 500 c teiom {"error": <TekcT>,
"processing_status": "Failure:
<nepsble 50 cuMBONOB>'"} ; meTaNbHbBIN
SHATIOMHT JIOTOJHUTENbHO TTeUaTaeT CTeK
B JIOT CcepBepa

anemeHT craHoButca {"filename",
"error", "processing_status":
"Failure"}, octanmbHbie daitibl
BO3BpalalTCsI HOPMaabHO

cTpoka co cratrycom Failure: <po 80
cumBonoB> u quality_class = -1
nonagaeT B XLSX, BeIrpy3ka He
TpepbIBaeTCs

MpeAyIpeskaeHe B JIOT ¥ OTKAT Ha METKU
13 UMEH (aiiyIoB; OTKAT 3aJI0OTUPOBAH
SIBHO, TIOTOMY UTO BMECTE C MICTOUHUKOM
METOK MEHSIIOTCS METPUKI

RuntimeError cumciamu train / val
II0 Havayia 00yueHms

F'ne o6pabaTbiBaeTca

process_one,
src/dxa/inference.py

preprocess.py

load_model(), src/main.py

load_model,
src/dxa/inference.py

DXAQualityModel. load

06paboTUMKM MapIIPyTOB

batch_analyze

export_results

resolve_labels_csv,

src/dxa/train.py

train()

CepBuc 6e3 YeKITOMHTA HAMEPEHHO He MbITAeTCS «yragblBaTh»: OH IOLHMMAETCS, HO YeCTHO CO06IIaeT

model_loaded: false u OTKIOHSIET 3aIIPOCHI aHA/IM3a. MoTyaIMBasi HeBepHasl OLieHKa BMECTO SIBHO OILIMOKM

Obla ObI OMacHee B MEAVIIMHCKOM KOHTYpeE.



17. OrpaHuyeHuns N LOCTOBEPHOCTb pe3yNbTaToB

OrpannueHnust copMyIMpPOBaHbI TaK, YTOObI YUTATENb MOT OLIEHUTb TPAHUIIBI TPUMEHUMOCTY PelIeHNs, a
He TOJIbKO YBUIETh UTOTOBbIE METPUKMA.

1. PasmeTKa BbIBeIeHA U3 OI€HKU MCCIeJ0BaHMsI, a He CHMMKA. JKCIIepTHas TablInIila ONChIBaeT
MccaeqOBaHMe; TIePEeHOC BEPAMKTA Ha CHMMOK OJJHO3HAueH (06/1aCTh BCTPEUYAETCS OIMH Pa3), HO
MOIITYYHOI 9KCIIEPTHOI OLIEHKY CHMMKOB B Habope HeT. OlleHKa KauecTBa MOJIENIN YITMPAEeTCs B
KauyeCTBO 3TOJ pa3MeTKM, a He TOJIbKO B 00BbEM JTaHHBIX.

2. MaJsio maHHBIX. 252 YHMKAJIbHBIX CHUMKA, 77 HapylieHui. [loBepuTenbHble MHTepBabl mmpokue (ROC-

AUC 0.6764 [0.6309, 0.7218] mo niaTu seed'am), MTO3TOMY OlleHKa Ha 3aKPbITOM Habope MOKeT
OT/INYAThCS.

3. dTaJIoOH — Ta Ke Tabiauua. He3aBMCUMOI MCTUHBI HET, [TO3TOMY CpaBHEHME ITPaBUI Pa3MeTKA
YaCTUYHO GIaTONPUSTCTBYET BapMaHTY «TOJbKO Tabauia» (pasmen 12.3).

4. B DICOM HeT pasmeTKM objacTeit maTepeca. Hu overlay, Hu graphic annotation B ¢ajinax Her,
MO3TOMY KOPPEKTHOCTh HAHECEHHBIX 0071acTell M3MepeHUs HeJlb3s IPOBEPUTH MPSIMbIM CPAaBHEHUEM C
3TaJIOHOM: OI[€HMBAEeTCSI TeOMeTPUS BUIMMOI 30HBbI.

5. Tun HapyleHus onpeaesieTcs: Mpu3HaKaMyu CHMMKA, a He 00y4eHHOV MoZeabio. MoJiesb perraeT
TOJIbKO GMHAPHYIO 3a/1a4y, [IO9TOMY B BBIIPY3Ke TUII COAeP>KaTe/IeH TOJIbKO JJ/Is1 pa3MeUeHHbIX CHUMKOB,
a Ha MHQepeHce BPUCTUKA HA TEKYIIVX JAHHbBIX BCEIIa AAET «He YTOUHEH» (pasmen 8.2). JIjist uecTHOTro
MYJIBTMK/IACCA HY>KHA pa3MeTKa TUIIOB Ha YPOBHE CHMMKA; MSITh CHUMKOB MMEIOT TOJIbKO KOJ, «He
YTOYHEH», IOTOMY UTO MCTOYHMK HE YKa3bIBAae€T KPUTEPUIL.

6. Tpu CHMUMKa pa3sMeueHbI 10 IToMeTKe B uMeHM daityia — sKkcriepTHas Tab/auiia ux 06J1acTh He
oleHuBasa. Takue CTPOKMU TTOMeveHbl pu3HakoMm filename_fallback.

7. CropoHa 6eipa B ceMHU UCC/IEJOBAHMSIX C €IMHCTBEHHBIM CHUMKOM He MpoBepsieMa: Teru
Laterality IyCThI, OIl€HKA B35ITa U3 €AMHCTBEHHOI'O 3aII0JIHEHHOT'O CTOJIOIA TAOIUIIbI.

8. ITopor onpeaeeHns1 00/IaCTU MPUBSI3AH K TEKYIEMY 000pyaoBaHMIO. [IpU3HAK «IIMPYHA Kaapar»
6e30111MO0YHO paboTaeT Ha 3TOM Habope, HO IIPY CMeHe afapaTa noTpebyeT KaJiu6poOBK.

9. UncsioBbI€e 3BPUCTUKYU MAHEIN AeTaneil He KaIuOpoBaHbl. VX MOPOTM pacCuMTaHbl Ha APYroi
MacIITab MHTEHCUBHOCTEM, II03TOMY B MHTepdelice MOKa3bIBAIOTCS M3MepEeHMs, & He BEPIAUKTHI.

10. Pa6ouast TO4YKa mopora gaét BeicoKMii recall mpu ymepennoit Tounoctu. Ha o6yuaioiiem Habope
Mpy TIopore, ogo6panHoM 110 F1, Mofiesib OTHOCUT K HapylneHusm 341 cTpoky u3s 548 (= 62 %) ipu
daxkTHueckoii gosne Hapymenuit 30.6 %, uTo comtacyercs ¢ precision 0.486. [Topor BbIGpaH B MOJIb3Y
TOJTHOTBI: TIPOITYCTUTh HETIPUTOAHOE UCCIeJOBaHKe TIOPOXKe, YeM MOKa3aTh JIUIIIHEe.

18. NnaH passuTuns

e Pa3smMeTuUTb TUIIbI HAPYIIEHN Ha YPOBHE CHUMKA ¥ OOYUUTH MYJIbTUIE0/I-KIacCupUKATOP — 3TO
CHMMaeT IJIaBHOe OrpaHuYeHye (TUIT HapylleHus OIpeie/isieTcsl Ipy3HaKaMy, a He MOJIeJbIo).

e Pacuiputh Habop 10 500+ uccmeoBaHmii: JOBEPUTEIbHbIE MHTEPBAJIbI CY3STCSI, TOSIBUTCS
BO3MOYKHOCTb YECTHOI Bajuaauuy 6e3 rnepecevyeHus ¢ 00ydeHneM.

e 3aMeHUTh MPU3HAK «IIMPYHA KaJipa» Ha KaJMOPOBKY IT0 METAaJaHHbIM aIlapara, YTo0bl opeiesieHne
00/1aCTV He 3aBYCEI0 OT KOHKPETHOTO 000pyA0BaHMSI.

e J106aBUTH JOKAIM3ALMIO HAPYIIEHMS (TEIIOBast KapTa UM KOHTYP) — B 3aJaHUM 9TO OTHECEHO K
IOIOJIHUTEIbHOMY (DYHKI[MOHAY, M /IS Hero Hy>KHa COOTBETCTBYIOIIAS pa3MeTKa.



e Cob6paTh MMJIOTHYIO MHTErpauuio ¢ APM: or6op mucciienoBaHmii, TpeOyIOIIX BHUMaHMUS, U

SKYpHaJIMPOBaHMeE MTOATBEPKAEHN CIIeMalCTa.

MpunoxeHune A. CTpykTypa peno3utopus

bone_2026/

— src/

F— main.py
— dxa/

— preprocess.py
— model.py

— train.py

— dataset.py
— inference.py

— labels.py
F— excel_labels.py

— rename_files.py
— violations.py

— model_card.py

— compare_labels.py
— discriminator.py
L— render.py

F— quality/

— api/static/

L— utils/

— labels/

— assets/

— models/dxa_model.pth
— tests/

— docs/

F—— run.sh, docker-compose.yml, Dockerfile, Dockerfile_cuda, Jenkinsfile, requirements.txt

FastAPI: MapuwpyThl U 3arpyska Mopenu

OEeWCTBYWUA MOOYNb OLEHKM KayecTBa

DICOM —> TeH30p (0bwuit nyTb Ons obydeHus u API)
ceTb, MeTpuku, nogbop nopora, YeKNOUHT
obyuenne n oTuét (md/json)

DXADataset, Dataloader

nakeTHbIn UHPepeHC, onpepeneHve obnacTu, BM3yanusauus
pa3bop UMEH, MeTKMu, CKieilka pybnen, pasbueHue
pa3MeTKa CHUMKOB MO 3KCMepTHoW Tabnuue
npuBepeHne uMéH DICOM K emuHoMy BuAOy

€0WHbIN CNoBapb TUMNOB HapyWeHWN

KapTouka peweHus ons API u uHTepdeinca

CpaBHEHME WCTOYHUKOB pPa3MeTKM

npoBepka BK/aga COLEPKMMOTO CHUMKa

peHoep CHWMKOB M KOHTAKTHbIX JIMCTOB

3BPUCTUKU: WU3MEPEHUS CHUMKA

Beb-uHTepdenc (opnanH-acceTsl)

BbIOOpP ycTponcTBa

pa3MeyeHHble faHHble, pa3bueHne, KapTa nepevMeHoBaHWM
CXEeMbl, CKPWUHWOTHLI, 06OCHOBaHME pa3MeTKU

paboynn 4YeKnouHT M OTYET obyueHus

pytest + Gpay3epHble NpoBepKuM MHTepdenca
HacToaumMin nokymeHT (HTML u PDF)



MpunoxeHune b. KomaHabl

# obyyeHue n pa3MeTKa

./run.sh label pa3MeTuTb paTaceT MO 3KCnepTHoOM Tabnuue

./run.sh rename nnaH npusepeHus wMéH dannos (——apply ons npuMeHeHus)
./run.sh train 0byunTtb Mopenb (pexuM MeTOoK Mo YMOSYaHui)

./run.sh split & ./run.sh compare CpaBHMTb BapuaHTbl pa3MeTKu Ha OJHOM pa3bueHuu

# WHbepeHC n cepBuUC
./run.sh infer "dataset_hack/Ona Tecta" results.xlsx

./run.sh serve API n Beb-umHTeppenc Ha nopTy 8000

python -m src.dxa.discriminator npoBepka BKAaga COOEPXMMOro CHUMKa

# npoBepku

./run.sh test pytest (209 TecToB)

node tests/browser/ui_check.js npoBepkn uMHTepdeiica (HyxeH cepBep Ha 127.0.0.1:8123)

# KOHTelHep (YEKMOMHT JNIEXMT BHYTpM obpa3a, MOHTMPOBATb MYTU HE HYXHO)

docker compose up -d CPU-cepsuc B ¢oHe, http://localhost:8000
docker compose ——profile cuda up —-d dxa-cuda GPU-cepBuc (HyxeH nvidia-container-toolkit)
docker build -t dxa—quality . cbopka CPU-obpasza Hanpsamyw

docker run -p 8000:8000 dxa—quality 3anyck 6e3 compose

JOKyMEeHT TIO[TOTOBIeH 1O (HAaKTUIECKOMY COCTOSIHUIO PpEeMO3UTOPHUs; MAaIlMHHbIe OTYETHl OOy4YeHUs —
models/train_report.json, obocHoBaHue pa3meTku — assets/labeling.md.



