demepalbHOE rocyAapcTBEHHOE OIOMKEeTHOE YUpeKIcHHE
« HanpoHAIbHBIA MeTHIMHCKHH HCCIEJ0BAT &/IbCKHH HeHTp iMeHn B.A. AiiMasoBa)

MHuHHCTEpPCTBA 34paBooXpaHeHH I Poccuiickon Degepariin
(OI'BY «HMHI] mm. B.A. AmmvazoBa» MuH3paBa Poccrr)

HMHCTUTYT MEJUIITMHCKOI'O OBPA3OBAHNUA

COI''TACOBAHO YTBEPXJAIO
3aMeCTHTEIb JHPEKTOpa JIupeKkTop
HMHCcTHTYTa MEIMITHHCKOr0 00pa3oBaHMsI HMHCTHTYTa MEIHIHCKOr 0 00pa30oBaHHsI
110 YUeOHOH H MeTOAHYECKOH padorTe, OI'bY «HMHUIL] mm. B.A. AiMazogra»
IeKaH JIeyeOHoro (paKyIbTeTa Munsapasa Poccuu
I'.A. Kyxapunk E.B. [lapmon
«20» sauBapsa 2020T.

PALOYAZA ITPOI' PAMMA

JINCIMILTHHA KOMIILIOTEPHBIN AHAJIN3 ME/JUIINHCKHX

TAHHBIX 1 N30 PA’KEHUH

HaHMEHCEBEaHH & JHCITHIIITHHEI

Coenuajarer mo
CIIENHAJIBHOCTH 30.05.03 MemmuHckas KHOepHeTHKA

Ko ClIIEeHAIIBEHOCTH H HaHMeHCEAaHHE

Kadenpa/moapasnenenne  mMareMaTHKH, 0HOQH3HKH H HHPOPMALHOHHBIX TEXHOJIOTHH

HaHMeHOBaHHe Ka (eIphblTIogpa3aeIeHHA

dopma o0yUeHHnA OYHAA
Kypc S
Cemectp A
JaHATHA JJeKIHOHHOI0 THIIA 36 uac.
3aHATHA CEMHHAPCKOT0 THIIA 72 4ac.
Bcero ayauropHoi padoThbl 108 1ac.

CamocTosTe/ibHAA padoTa (BHeayauTopHas) | 36 vac.

dopma NPOMEKYTOYHOH AT TECTAIHH 3aver

O0masA TPYA0EMKOCT b JHCIHIIIHHbI 144/4 (uac/3a4. en,)

CaHkt-lleTepbypr
2026




PaGouas mporpaMma JHCIHIUINHEL pa3padoTaHa B COOTBETCTBHI C:

—IIprnkazom MHHHCTEPCTBA HAVKH H BRICIIErO oOpasoBaHMA Poccurickon @Dexepaimin Ne
1006 or 13.08.2020r. «O6 yTBRepkAcHHH (peJepalbHOIO0 TOCYJapCTBEHHOrO0 00pa30BaTEIbHOIO
CTaHJapTa BBICIIErO O0pa30OBaHHS — CIEHHAIHTET IO CIlelHaIbHOCTH 30.05.03 MeamuuHCKas
KHOEePHETHKA»;

—IIpukasom MunHTpyna Poccrm or 04 arrycra 2017 Ne6l0OH «OO yrBEpKICHHH
IIpo)eCCHOHATIBPHOI O cTaHAapTa «Bpau-KHOepHETHKY,

—y4eOHBIM IIIaHOM T10 cIielaabHOocTH 30.05.03 MemnuHckas KHOEPHETHKA;

—JIOKAJILHBIMH HOPMAaTHBHBIMH aKTaMH lleHTpa AirmaszoBa.

CocraBuTeu pado4yell NporpaMMbI

YueHan
No dOaMHIINA, HM4,
CTeleHb, JaHnMaeMaf J0JKHOCTh MecTto0 padoThl
n/n OTYEeCTBO
3BaHHE
1. | Koporeepa Onecs K.T.H., JOILIEHT |3aBeIYIOLHH KadeIpoi OI'bY «HMHUIL
BragMipoBHa MaTeMaTHKH, OHodm3uky 1 | M. B.A. AmvaszoBay
HH(} OPMAITHOHHBIX Mun3sapasa Poccuu
TeXHOIIOTHH
2. baxTnHa AHHA - AccHCTeHT KadeIprl OI'BY «HMHI]
BammioeHAa MaTeMaTHKH, OHO(I3HKH H m. B A. ArMazoBay
HH( OPMAIFOHHEIX Mum3mpaBa Poccrn
Te XHOJIOTHI

PaGouas mporpamMMa paccMOTpeHa H ofo0peHa Ha 3aceJJaHHH Kadeaphl MaTeMATHKH, OHO(MH3HKH
HH()OPMAIIHOHHBIX TeXHOJIOTHH «11» Hog0psa 2025r., rmporokon Ne 3
3aBeTyIONIHI Kadeapoi / O.B. Koporeesa/

JIMCT COI'JIACOBAHUMA

COI'JTACOBAHO
JlexaH nedyeGHOro pakxynbTeTa " A. Kyxapuuk
3aBe VIO I[EHTPOM Pa3sBHTHS 00pa30BaTeIbHOH CpeIbl FIHCTHTYTA
MEIHIIHHCKOrO 00pa30BaHHI H.H. IletpoBra
3aBe VIO Y4eOHO-METOJHYECKHM OT/IEJIOM IIEH Pa pa3sBHTHSI
00pazoBaTeLHON cpeapl FIHCTHTYTa MEIHIMHCKOTO 00pa30BaHI M.A. OBeykHHa
3aBe VIO OHOmoTreKoil MHCTHTYTa MEAUIMHCKOTO 00pa30BaHI E.A. Heuaera

PaGouass mporpamMma paccMoTpeHa H omoOpeHa Ha 3acelaHHH Y4yeOHO-METOAHYECKOrO COBETa
HMHucTHTyTa MegUIMHCKOro oopazoBaHusg @I'bY «HMHAIL] . B.A. Amvasosa»y Munsgpasa Poccuu
«20» stBaps 2026 r., mporokor Ne 01/2026.



Coxpamenus

[{leHTp AnMazoBa — (elepalbHOe TOCYJapcTBeHHOE OFOKETHOE yupekAcHHe «HalmoHaIbHbII
MEQUIIMHCKIIT  HCCIIEMOBATENILCKHH  IIeHTp HMMeHH B.A. Ammasopa»  MHHHCTEpPCTBa
3ipaBoOXpaHeHH s PoccHiickon Depepalinm

[II] — rmpakTHYecKas IIoAroTOBKa

Kommer eHIjum:

YK — yHHBepcanbHasI KOMIIETEHI S

OIIK — obmenpodeccHoHanbHAS KOMITETeHI[HS
[TIK — rpodeccrnoHanmbHasa KOMITETEHIHS

MJIK — HHIHKATOP JOCTHKEHHSI KOMITETEHITHH

OneHouHbIe MATEPHAIDI:

KB — KOHTpOILHEIE BOIIPOCHI

T3 — TeCTOBEIE 3aJaHH I

K3 — KOHTPOJIbHEIE 3alaHHs]

[IH — rpakTHYeCcKHe HaBBIKH

C3 — CHTYaI[HOHHEIE 3aJaul

Mb — ucropusa GomnesHn

J1 —TeMBI IS ITOATOTOBKH YCTHOI'O JOKIaa C ITpe3eHTalHeN
P — TeMBI 11 MOATOTORKH pedepaTa



IloscHHTE/IbLHAA 3alIHCKA K pﬂﬁﬂ‘lﬂﬁ ImporpamMmMe 1HCIIHIIIHHbI

PaGouas nporpamma 1o AHCIHHIUIHHE «KOMIBIOTEPHBIH AHAJIH3 MEIHIHHCKHX [JAHHBIX H

H300paKeHHID» HallpaBlleHa Ha (OpPMHpOBaHHE Y OOYYAIOIMMXCS KOMIIETEHI[HH B 0O0JIacTH
00paboTKH, aHaIIH3a H HHTEPIIpeTallHi MeIHIIHHCKHX JaHHBIX H H300pakeHHH ¢ HCIIOIb30BaHHEM

COBPEMCHHBIX BBRIMHCIOITCJIBHBIX METOJ0B, aJlI'OPHTMOB MAIlITHHOI'O Dﬁ}”IEH[IH H KOMITBHOTCPHOI'O
3PCHIAL HpﬂI‘pMﬂ OPHEHTHPOBdHA H4 ITOAT'OTOBKY CIICIIHAIIHCTOBRB, CITOCOOHBIX pﬂﬁpﬂﬁﬂTHEﬂTL H
BHCAPATE HHICIUICKTVYAaJIbHBIC CHCTCMBI IIOAACPAKH AHAIHOCTHEKIL H IIPHHATHA pEH_[EHI[[uI B
MEOHIHHE.



1. HEJIb 1 3AJIAYY U3YUHEHUA JINCIHAITJINHDBI

Ileab H3YYeHHSA JHCIHILTHHbI:

CdopMHpoBaTh Y 00YYAIOIHXCS CHCTEMHbBIE 3HAHH S H ITPaKTHYECKIEe HaBBIKH B 00IIaCTH
KOMITbFOTEPHOH 00paloTKH MeJHIIMHCKHX JaHHBIX M H300paKeH I, BKIIFOYasi METOJIBI
IIpe00paboTKH, cerMeHTaIliH, KIacCH(HKAIMH H BH3YalIH3aI[HH.

3agaun H3y4YeHN A T CIHILIHHbI:

1. OCBOHTBH OCHOBHBIE ()OpMATHI MEIHIIHHCKIX JaHHBIX H H300paxeHui (DICOM, NIfTI,
etc.).

M3 yunrs MeToAbI pego0paboTKH H YIIVUIIIEHHS MEIHITHHCKHX H300paKeHHH.

[IpnoGpecTH HaBBIKH CErMEHTAIINH H AETEKIIMH 00BEKTOB HA MEIHIIHHCKIX H300paKeHHIX.
OBIAZeTh METOAAMH KIaCCH(HKAIIMH H PErPECCHH IS aHaIH3a MeIUIIHHCKIX JTaHHBIX.
OCBOUTH HHCTPYMEHTHEI BH3YaIIM3aIl[HH H HHTEPITPETAL[HH PE3YIILTATOR aHalH3a.

Pa3BuTh yMeHHe paboTaTh ¢ IMporpaMMHBIMH OHOnHoTeKaMH (Python, OpenCV, Scikit-
learn, PyTorch, TensorFlow).

Al

Illtannpyemblie pe3yabTaTbl 00yUeHHA [0 JUCIIHILINHE:

B pesymsmame uzyuenus npoepammuvt OUCHUNALHBL Y 00VUaiOUje20ca opmMupyiomcesa cieoyioujiie
KOMNemeHyLiLL.

VK-1.1 Ilpoeooum xpumudeckuil ananis npobaeMHoil cumyayiil i Gopmyaupyent oljeHouHble
CyHCOeHUsA |

VK-1.2 Ilpumensem cucmemHblili HNOOXO0 HpuU WIAHUPOGAHUL 1l peuleHull 3a0aq 8
npodhecciionansHoli obaacmil

OIlIK-1.3  Ilpumensem coGpeMeHHble ungopmayionHvie  MexHonozillL, EKII0Y A
LUHMeNeKmyanbHble Memoobl O AHANUZA MEOULJUHCKUX OQHH bIX,

OIIK-2.1 Bwiaenaem u oyeuucaem mop@o@dyvHryuoHanbHble, (uU3L0N02UYecKIie COCINOAHUSL 1
namoJsiozuy eckiie NPoYeccsl 8 op2aHiizmMe Yenoeexkd ;

IIK-8.2 Henonvzyem cogpemenHble ROOX00bl HpLL paspabomie uHmMennexmyanbHbvlX cucnem o
MeOuULlH bl 1L 30PABOOXPAH eHILA.

IIK-11.2 Obpabamvieaem 3KcnepuUMeHNalbHble OAHHbIE 1 AHATUIUPYeN pe3yabmanvl MeouKko-
buon021YeCKUX 1CCcne008aH Ul c LICNO/Ib30BAHLIEM CReyUaIuU3UPOBAHHBIX A3bIKOB
NPO2PAMMUP OBAHUS, CIIAMUCIMUYECKLUX NAKen 6.

2. MECTO JJUCHHUIIJIMHELI B CTPYKTYPE OFPA3OBATE/JILHOU ITPOT'PAMMBI

JlucrpnnmHa BXoAuT B birok 1. «J[HcIImiHB (MOZYIIH)» Y4eOHOIO IUIaHa IO CIIEIHATbHOCTH
30.05.03 MemuuHCKasa KHOePHETHKA, B €TI0 YacTh (DOPMHPYEMYIO YUaCTHHKAMI
o0pa3oBaTeIbHEIX OTHOIIIEHIH.

JIMCIIHITIHA H3y4aeTcsd Ha OCHOBE paHee OCBOSHHBIX JHCIIHILIHH/ITPAaKTHK Y4eOHOIO TUIaHa;
—  «MareMaTHYeCKHH aHAIH3»
—  «/lucKpeTHass MaTeMaTHKa M MaTeMaTHUYeCKasl JTIOTHKA

— {{KOMIGTEPHEIH I‘pﬂ(bHI{El H BH3YAJIIH34ITHA JaHHBIX»
ﬂIICHIﬂ’[J]I]HEl oOecrieunBacT H3VUCHIIC ITOCJICAVIOIIIX E[HCI_[I]]'[JIIH-[!{HPEII{THI{ }"‘IE@HGI‘G IUIaHA.

—  «HayuHo-HccnemoBarensckas pabora»
—  «MamnaHoe 00yYeHHE»
—  «HeHpoHHBIE CETH B METHIIHHEY



2. TPELOBAHUMI K PE3YJIbTATAM OCBOEHUA JNCIHHUIIJINHDBI

B pe3ynbsTare 0CBOEHHS IIPOrPaMMBbI AU CIUIUIHHEL Y 00Y4arOIIerocs (OpMHPYIOTCS CIIEAYIOITHE
KOMITETEHI[HH, YCTaHOBJIEHHBIE ITPOrPaMMOH CITELHAINTETA:

TIO/IX0/a, BEIpaOaTHIBATE
CTpaTerHro JeHCTBHIT

(hOpMYITHPOBATE TPeOOBAHHS
K JaHHBIM H METOAM
00paboOTKH, OIleHHBATE
aJ]eKBAaTHOCTH BEIOPaHHOIO
ITOJTXO0/IA.

OneHo4nsnle
Il.1aHupyemMbie
MaTepHAJbI,
Koa m Haumenosanne | Kojaun HamMeHOBaHHeE pe3yJabTaTbl 00y4eHH A
M POBeP AKOIIHE
KOoMIIeTEeHIINHI NJK (mokasarem AJIsl
pe3yJabTarhl
OLICHHUBAHHA)
00yueHns
YK-1.1IIpoogut
KPHUTHYECKHH aHalIN3
ITpOoOIIEMHOH CHTYAIL[HH H
(hopMyIIHpYET
OLICHOYHEIE CYKIEHH |
3HAaeT: OCHOBHEIE THITEI
3a/1ay aHaJII3a MeHITHHCKHX
VK-1 Criocoben m300pakeHHit (cerMeHTaI,
OCYIIECTRIISTE KITacCH(pHKAIE, JeTeKIT) H
KPHTHYECKIGT AHATIT KPHTEPHH BEIO Opa METO/ OB Tl TeKyIIero
- HX PEeIleHH. KoHTpoiri: C3, KB
IMPOOIEMHBIX CHTYAL[HIt
YMeerT: aHATIM3HPOBATh Ji1sa
Ha OCHOBE CHCTEMHOIO II0CTAHOBKY 3aaulL ITPOME Ky TOUHOI

aTTecTalH: 13




YK-1.2 IIprmmeHser
CHCTEMHBIH ITOAXO IIPH
TJIAHHPOBAHHH U
peIlleHHH 3a7a4 B
Npo(peCCHOHAIBHOMH
oOIIacTH,

3HaeT: 3Tallbl
ITPOEKTHPOBAHHS CHCTEMEI
aHaIIT3a MEeIHITHHCKIX
TAHHBIX: OT cOopa H
rpeao0paboTKH 10

BHEJ PEHHS MOJIEITH.

VMmeeT: pa3zpabaThIBaTh IUIaH
pelleHHs 3aJJauH, YUHTEIBA
OrpaHHYeHHs I10

BEIUHCIIHT €JIbHEIM pecypcaM,
KAaueCTBY JaHHBIX H
KTHHHYECKHM TPeOOBaHHSIM.

J171 TeKyIIero
KoHTpoi: C3, KB
11
TIPOMEKYTOUHOH
aTTecTalH; 13

OIIK-1 CriocobeH
HCITOJIH30BaTh H
ITPHMEHATH

(byHI aMeHTaTbHEIE H
TTPHEKJIA HEIE
MeJTHI[HHCKHE,
eCTeCTRBEHHOHAYYHEIE
3HAHHS JIJIS TTOCTAHOBKH
H peIeHHsI CTaHTapTHEIX
H HHHOB aI[THOHHEIX 3a]1a4
rmpodeccHoHaILHOI
IeATEIbHOCTH

OIIK-1.3 IIpumMeHseT
COBPEMEHHEIE
HH(OPMAITHOHHEIE
TEXHOJIOTHH, BKIIFOUAs
HHTEJUIEKTYalIbHBIE
METOJBI I aHaIH3a
METHIIHHCKHX JaHHBIX,

3HaeT: COBpeMeHHEIe
OHOIMOTEKH H (ppeiiMBOPKH
JITIS aHAII3a H300pake it
(OpenCV, Scikit-image,
PyTorch, TensorFlow), mx
BO3MOKHOCTH H
OrpaHHYEHH:.

YMeeT: IIPpHMEHATH
aJITOPHTMEI ITpeo0padoTKH,
cerMeHTaIlHH,
KITacCH(pHKAIHH H
BH3YAITH3AIHH METHITHHCKIX
Mm300pakeHHit ¢
HerTonmkp30BaHHeM Python u
CTIEITHAII3HP OBAHHEIX
ITAKETOB.

J171 TeKVIIero
KoHTpoi: C3, KB
Ji1s
IIPOMEKYTOUHOH
aTTecTalfH; 13

OIIK-2 CriocobeH
BLIABIIATE H OI[EHHBATh
MOPp(ho P VHKIOHAILHEIE,
(bH3HOJIOTHUECKHE
COCTOSHHA H
IIATOJIOTHUECKIE
ITPOIIECCH] B OPraHH3Me
YEeJIOBeKa, MOJIETTHPORATE
IIATOJIOTHUECKHE
COCTOSIHHS 111 VIVO H 11
V1tro IpH ITPOBEIEHHH
OHOMET HI [HHCKIHX
HCCIIETOPR aHIHI

OIIK-2.]1 BeIBISET U
OLIEHHBAET

MOp (o] YHKITHOHAIIEHEIE,
(PH3HOIIOr HMIECKHE
COCTOSIHHS 1
MaTOIIOTHYECKHE
IIPOIIECCHL B OPraHH3ME
yeJIOBeKa |

3HaeT: 0COOEHHOCTH
BH3YAJILHOT'O ITPE/ CTARIIEHHS
Pa3IHUHBEIX THITOR
MeTHIHHCKHX H300paKeHIit
(KT, MPT, Y31, peHrreH) u
HX CBS3b C aHATOMHYECKHMH
H ITAaTOJIOTHYe CKHMH

CTPYKTYPaMH.
YMeeT: HHTEPIIPETHPORATE

pPe3yIILTaTHL
aBTOMATHUECKOT'0 aHAJIH3a
M3 00pakeHHit (HaIIpHMep,
KOHTYPEI OPraHOB, 00JIacTH
TIATOJIOTHIT) B KOHTEKCTE
KIHHHUeCKOH 3aaut.

J171 TeKy1ero
KoHTpoirt: C3, KB
J71a
IIPOMEKYTOUHOM
aTTecTalHH: 13




ITK-8 Criocoben
pa3pabaTbIBaTh CHCTEMDI
HH( opMaLHOHHOH
MoJIEP KKH YIIpaBIIeHH
3HAHHAMH B M ETHLIHHE,
OGHOJIOTHH H

37Ip aBOOXpaHeHHH.

[IK-8.2 Ucnormbsyer
COBPEMEHHBIE TTOIXOIBI
ITPH pa3padboTKe
HHTEIUIEKTYalIbHbIX
CHCTEM IS MEIMIIHHEL K
30PaBOOXPaHEHI. ,

3HaeT: IPHHIIHITEL
TIOCTPOEHHS KOHRB eifiepOoB
(pipeline) oOpaboTKH
MeTHIHHCKHX JaHHBIX,
METOBI HHTeIpPaI[HH

MO ellell MAIIIHHHOTO
o0yueHHs B KJIHHHUYeCKHe
HH(OPMAIHOHHEIE CHCTEMEL.
VmeeT: pazpadaTEIBATh
IIPOTOTHIIEI
HHTEeJUIeKTYallbHBIX CHCTEM
aHaJII3a H300pakeHHIL,
OLIEHHBATh HX TOUHOCTE H
HAJI€KHOCTh, 0(hOPMIISITE
TeXHHUYECKVIO
JTOKYMEHTAI[HIO.

J171 TeKyIero
KoHTpoiri: C3, KB
Ji1sa
IIPOMEKYTOUHOM
aTTecTalH: 13

IIK-11 Criocoben
TDTIAHHPOBATh METHKO -
OHOJIOTHUECKOE
HCCIIENOBAaHHE, BHE PSATh
PE3YIILTATEI B IIPAKTHKY
C HCIIOJIL30BAHHEM
METOJIOB
MAaTeMATHUECKO
CTAaTHCTHKH H
IoKa3aTelnbHOH

MeJ HI[HHEI.

IIK-11.2 O6pabaTriBact
BKCIIEpHUMEHTAJIbHBIE
IaHHBIE H aHAIM3HPYET
PE3YIILTAThl MEJHKO-
OHOJIOIHYEeCKIX
HCCIIeJOBAaHHH C
HCIIONIB30BaHHEM
CITEIHAITH3HPOBAHHBIX
SI3BIKOB
ITPOrPaMMHPOBAHH A,
CTaTHCTHUYECKHX
[1aKeTOB.

3HaeT: MeTOILI BATHAAITHH H
OIIeHKH KauecTRa
aITOPUTMOB aHAITI3a
MeJTHI[HHCKHX H300pakeH it
(meTpuxH Dice, IoU,
accuracy, ROC-anamms).
YMeeT: TIPOBR OJTHTE
CTaTHCTHUECKYIO 00padoTKy
Pe3yIILTATOR HKCIIEPHMEHTOB,
BH3YaIIH3HPOBATE TaHHEIE,
(hOopMYIIHPORATHL BEIBOJLI Ha
OCHOB€ KOJIMYECTB EHHBIX
OIIEHOK.

J171 TeKy1ero
KoHTpoirt: C3, KB
J71a
IIPOMEKYTOUHOM
aTTecTalHH: 13




3. COJAEPKAHHUE JUCHHUIIVIMHBI, CTPYKTYPHPOBAHHOE 110 TEMAM
(PA3JAEJIAM) C VYKA3AHHUEM OITBEJEHHOI'O HA HHX KOJ/IMYECTBA
AKAJTJEMHYECKHNX YACOB 1 BU/10B 3AHATHU

4.1 O0beM MUMCOIMILIHHLI B aAKaJeMHYeCKHX 4YacaX, BbIIeJEHHBIX HA KOHTAKTHYIO padoTy
o0yuammuxcss ¢ TMpenoJaBarejieM H HAa CaAMOCTOATEJbLHYH BHeayMTOPHYH padory
o0yJarommxcs

TpymoemKkocTh Ko/mm4ecTBO YacosB
. B
Buja yueOHo# padoThl O —— Kypc-5
ceMecTp - A
yacax

KonrakTHas padora
00YJAIOIIMXCA C 108 108
[penoaaBaresiemM
(BCero)
M3 HuX:

3aHATHS 36 36
JIEKIIHOHHOI'O THIIA

3aHATHS

72 72

CEMHHAPCKOI0 THIIA
CamocrosrebHas
BHeayJIHTOpHasA padora 36 36
(BCero)
[IpomexyTOUHAS
aTTeCTaI[HI — 3a4YET
O01man Tpy10eMKOCTb 144 144
JUCIHHILIHHbI

M3 mmx Ha I1I1 (13 6 6

YyuebHo20 niana)

4.2 Cogep:xkaHue JHCIHILIAHLI, CTPYKTYPHPOBAHHOE 110 pa3lejiaM ¢ YKa3aHHEM OTBEJAEHHOI0
HA HUX KOJIHYECTBAa aKaJeMHYeCKHX YACOB H BHJI0B 3aHATHI

KonrakTHasi padora,
CamocroATe ILHA
HaumMeHoBaHHe aKagaeM. 1
A N3 aix

pasaeJioB JaHATHA JaHATHA Bceero
BHeAYAUTOpHAA Ha 1111
THCINILJINHbI JEKIIHOHHOI | CEMHHAPCKOT pabora
0 THIIA 0 THIIA

Kypc - 5 cemectp - A

Pazmen 1. Bregenrie B
KOMITLIOTEPHBIH aHATI3
METHIIHHCKHX JaHHBIX H
H300parkeHHIT.

Pazmen 2.
[IpemodpaboTka 1

VIIYUIlIEHHE 3 18 3 34 2
MeTHITHHCKHX
H300pa’KeHTid.

Paszmen 3. CermeHTaAIHA
H JeTeKIHI 00LeKTOB Ha
MeETHITHHCKIX
H300pakKeHHIX.

10 20 12 42 2

Pazmen 4.
Kiraccudrxarmsa u




KonrakTHas padora,

HanmeHoBaHme aKaJaeM. 1 CamocrosiTeJIbHa -
pasjeioB JanaTun JanAaruna BHEHY,E[::T B Bceero H;;{“g‘
JUCIMIL/IHHbI JEKIHOHHOI | CEMHHAPCKOT 133 GoTa
0 THIIA 0 THIA
perpeccHs B
MCEIHITIHCEIX TJaHHBIX.
Pasmen 5. Brsyarmsaigoa
H HHT eI PaLfHs 4 6 4 (4
PE3VIIETATOR aHATII3A.
Beero 3a ceMecTp: 36 79 36 a4 g

10




4.3 Temaru4ecknil IVIaH 3aHATHH JIEKIIMOHHOIO THIIA (710 ceMecmpam)

O11eHOHbI
IlepeyeHnb Ko0B
e
NJIK,
Ne | HammeHnoBanue MAaTepHaJI
Yacel | Kparkoe coaepkaHHe 3aHATHSA ¢dopMHpPYEMBIX B
n/m | TeMbl 3AHATHSA : bI VI
npoiecce
TeKYIIero
OCBOCHHA TeMbI
KOHTPoJis
Kypc - 5 cemectp - A
Pasnes 1. BBeeHHe B KOMNBIOT ePHBIA AHAJN3 MeTHITHHCKHX JAHHbIX H
1300 paskeHnil
IIpenmer, e 1
3aMaun
IHUCLIAIUIHHEL.
PoIlb KOMITBIOTEPHOT'O aHaII3a B
OCHOBHEIE ..
coBpeMeHHO# MegmiHe. O030p
Gopwarer oOmacreit mpumeHeHHs. Ct au
1.1 | MeTHIEHCKIX P P IPYRIYPAR | oke1.3. TIK-8.2 | KB, C3
T i MeTagaHHEIe DICOM -daiinos.
(DICOM. NIfTL gpaﬂljabien j;l{qecg; acnem;)
etc.) H HTHUeCKHe a P a '
HOPMBEI PabOTEHI C
HIMH.
ApxHTeKkTypa H
HHCTPYMEHTEL
TSI aHATH3A: O0630p sKocHcTeMEI Python s
Python, aHam3a JaHHeIX (NumPy, Pandas,
OpenCV, ITK, Matplothib). CrierparniporaHHEIE
1.2 | GHOMHMOTEKH 2 OHOIMHMOTEKH I MEIHIIHCKIX OIIK-1.3,IIK-11.2 | KB, C3
IIyOOKOTO m300paskent it (Sumplel TK,
00 yUeHHsI. pydicom). Hacrpoiika pabouero
Beregenue B okpy:xkenns (Jupyter, Colab).
cpeny
pazpalboTKH.
OCHORBEI
ImpOBOit [IpeoOpazoraHIie aHATIOTOBOTO
00paboTKH
. m300pakeHHs B IIH(pPOROE.
300 asKeHITH: [IpocTpaHCcTBEHHOE H IPKOCTHOE
1.3 | mHcKkpeTmRarmis, P POCIp AP OIIK-13.IIK-11.2 | KB, C3
pazperterte. [[BeToBbIE
KBAaHTOBaHIe,
npoctpancTBa (RGB, Grayscale,
I[BETOBEIE
HSV). Anami: rucTorpaMM sSpKOCTH.
MOJT eJIH,
THCTOTPaMMEL.
Pasgei 2. [IpenodpadoTka | yay4lieHne MeHIMHCKIX H300PasReH Hil.
MeToxasl ..
JImHeitHEBIe (YCpEeTHSIONIHE,
IIPOCTPAaHCTBEHH .
.. _ ['ayCcCOBEI) H HeJTHHEHEBIE
Oft (pIUTL TPATTHI (MemHaHHEBIE) (PIIIHTPEI I JI
2.1 | crmaxamaromue 2 A DR A OIK-13,IIK-11.2 | KB, C3
o TIO/TaBIIeHH IITyMa. OHIBTPEI 1A
COHTDACTT TTOBBIIIIEHHS PE3KOCTH (J1aTUIacHaH,
HIpacTHpyOt bwsTp Coberns).
He (PIUIBTPHI.
YacToTHaA OCHOBEI YaCTOTHOTO ITpeCcTaBIIeHHA
(bHITBTpAaITHAL. m300pakenHii. HiuskouacToTHasa H
2.2 | IIpeoGpazoranme 2 BEICOKOYACTOTHAS (DIIILT PAI[HAL. OIIK-1.3, [IK-11.2 | KB, C3
DOyphre B aHaI3e [IprvepE! rTogaBIeHHsa apTedakToB H
300 paKeHHI. BBIJT eJIEHHA KOHTYPOB.

11




Adrrrmie mpeodpazoBaHiia (CABIT,

['eomeTpHUeCKHe IIOBOPOT, MacCIITa0 HPOBAHHE).
53 1peoOpa3opaHHsI 3aau 1 MeTOAEI PperHcTpariHi OIK-1.3. OIIK-2.1 | KB, C3
H perHcTpaIis MYIIETHMO/I AITbHEIX H BpeMeHHBIX
300 paKeHHIT. IIOCIIeIOB AT elIbHOCTEeH
300 pasKeHT i
MeTonarl
VBeJIHUEHHA TexXHHKH ayrMeHTaIHH: a()(QHHHEIe
naHHBIX (Data rpeo0pazoBaHus, f0o0aRJIeHHe IITyMa,
2.4 | Augmentation) H3MeHeHHe SIPKOCTH/KOHTpacTa. OIIK-1.3, 1IK-11.2 | KB, C3
TITIST CreridpHKa ayrMeHTariH a1 3D-
MeTHIJTHCKIIX maHHeIxX (KT, MPT).
300 paKeHH .
Paszges1 3. CermeHTanua M JeTeKIHsl 00beKTOB HA MeJHIMHCKHX H300paReHHAX.
Kitaccrueckre
T:rﬁé':; - ArmroputMel Otsu, agarrTHBHOH
o DFDBZ;H Ha ToporoBoit 00padoTkH. Brimenenie
3.1 DCEDEE E;,EE TpaHHI[ oTlepaTopaMi KsHHH, OIIK-1.3, OlIK-2.1 | KB, C3
EH{DH_@ ’ CobOemnsa. AmroputMel watershed,
P region growing.
OpPHEeHTHPOBaHHA
.
BreneHrie B
CeIMeHTAallHIO Ha [ IpHHIGOIEI ceMaHTHUe CKOH
OCHOBE cerMeHTaIHH. [{eTam apXHTeKTYPEI
3.2 | rmybokoro U-Net: skip-connections, sHKOmED- IIK-8.2, IIK-11.2 KB, C3
00 yUeHIsI. nexogep. O0IacTH MpHUMEHEHHS B
Apxurekrypa U- METHI[HHE.
Net.
ggEZEf 3agaya qeTeKIHH VS. CerMeHTaLHH.
' JIsyxaTarmele (Faster R-CNN) u
ApxureKkTypHI R-
3.3 ONN. YOLO 1 ogHosTarHele (YOLO, SSD) [TK-8.2, OIIK-2.1 KB, C3
- ’PMEHEHHE IEeTeKTOPEL. J|eTeKIa IaToIorHii Ha
1P peHrreHorpamMmax 1 K'T.
B MeJIHI[HHE.
gdee?;gﬂ;aqecrﬂa MaremaTHuecKoe oIpejeIeHHe
CSFMEHT - MeTPHK. AHalIH3 KPHBEIX Precision-
34 | 0 ;”EIDEE Recall m ROC. BEIGOp MeTpHK B MK-11.2. VK-1.1 KB, C3
ACTERIII L ’ 3aBHCHMOCTH OT KJIHHHYECKOH
loU, Precision, AN
Recall). AL
MeTon Bl yIIyUIlleHHA Pe3yILTaTOR:
i:;afz];{gfm MopdgoIorHyecKie oIepariim,
3.5 HDCTDIEG Aotk yCpeaHeHHe ITpel cKa3aHHit ITK-8.2, YK-1.2 KB, C3
o ImfaTDB HeCKOIBKIX Mojeneii, CRF
pesy ' (Conditional Random Fields).
Paszjgen 4. Kunaccupukanua 1 perpeccisi B MeAHIHHCKHX JAHHBIX.
I3Br1eyeHme
SHAKOR 03 1. CraTHCcTHUYECKHE TPH3HAKH
E{Emmmcm& IIepBoro H BTOporo nopagka (GLCM
4.1 | mzo6paxenit: — MalpHta COBITaCHItL Y POBHEH OIK-13.MK-11.2 | KB, C3
FHCTOTpAMMEL ceporo). IIpr3Haku popMel
TEKCTVDLL ’ (TIIoIMIAAE, SKCIEHTPHCHTET,
1YPEL KOMITAKTHOCTE ).
(hOPMBEL
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TpagHIOHHEIE
aJIT OPHTMBI [IpHHIpOTEI paboTEI METOJTOB.
MAIITHHHOTO IlonroToBka gaTtacera I 00 yUeHTHS.
4.2 | oOyueHHs s 2 Kpocc-pamgarms 1 mogoop [TK-11.2, VK-1.2 KB, C3
KI1aC CH(pHKAI[HH THITEPITApAaMETPOB T MeHI[HHCKHX
(SVM, Random TAaHHEBIX.
Forest).
CBepTOUHEIE
HeIfpOHHEIE CeTH Apxurextyprsl VGG, ResNet,
(CNN) mma EfficientNet. Hcrons3opamie
4.3 | xnaccHpHKAIHHA 2 TIIpen o0 yUeHHBIX MojIeneit I1IK-8.2, IIK-11.2 KB, C3
300 paKeHHIT. (ImageNet) mi11 MeTHIIMHCKHX 3aa4.
Transfer Fine-tuning u feature extraction.
Learning.
HuTeprmpetnpye
MOCTE MO elIeit BasxHOoCTh 00BACHHMOCTH B
4.4 (Explainable AI). 5 meqmpiHe. Metoarsr Grad-CAM, ) K-8.2, VK-1.1 KB, C3
IlocTpoeHtie LIME pmna pm3yarmzaigi obnacreii,
KapT aKTHBaI[IHH BITILTIONNMX Ha pelnerHe CNN.
(Grad-CAM).
Pazmen 5. Bizyarmzainisa H HHTerpalps pe3yiILTaTOR aHalI3a.
2Du3D
I BHOIMOTeKH I BH3 yaI3aliH
AN (Matplotlib, Plotly, Mayavi, VTK).
5.1 A ﬂ; 2 IlocTpoeHHe MyIIETHIDIAHAPHOI OIIK-1.3, OIIK-2.1 | KB, C3
. ' pexoHCcTpyKIHH (MPR) 11 00BemHoro0
{rrepaxTiBHbe expgepunra (Volume Rendering)
HHCTPYMEHTEL PEFACD 8)
PazpaboTka
O030p 3TaAroR BHEAPEHH
IIPOTOTHIIA
CHCTEMET CepHaIM3aI[Hid MOJIEIIH, CO3/laHHe
5.2 2 API (FastAPI, Flask), pazpaboTka [IK-8.2, YK-1.2 KB, C3
aHarm3a: oT
MOTTEITH K IIPOCTOro Bed- HImH TECKTOTI-
HHTepdeficy. Hurepdeiica (Streamlit, PyQt).
Bcero 3a 36
ceMecTp
4.4 TemaTH4ecKkHil IIJIAH 3aHATHH CEMHHAPCKOro THIIA (710 ceMecmpam)
dopma IlepeyeHb LIEEEE
npose/ie NJIK HbIE
Haumeno | Yacel, ’ MATepHa
HHSA dopmupy
No BaHHe B TOM JbI I
3AHATHA Kparkoe coaepkaHie 3aHATHA €MbIX B
TeMbI CeMEHap TeMbI JHCIe apomecce TeKYIIer
sanaTua | Ha IlIlI 0
CKOT'0 OCBOCHMA
. KOHTPO.I
THIA TeMbI o
Kypc - 5, cemectp - A
Pa3nes1 1. BBeJieHle B KOMIIBIOT EPHbII AHAJIH3 MeJHIIMHCKNX JAHHBIX H H300pasKeHMil.
Pabora c KB, C3
TaGobar ga{[; 2;;; H crmons3opanme 0nOmoTek pydicom,
P ' Simplel TK. Anamms 3aromoBkos, OIIK-1.3,
1.1 OpHAA UTEeHIE, 4
BI3Yyal3allis cpe3oB, paboTa ¢ ITK-11.2
pabora BI3VaIH3a .
- OKOHHBEIMH YpoBHIMH (Window/level).
H3BII€YEHH
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e

MeTaJaHH
BIX.
OCHOBEI KB, C3
paboTEHI C
MaCCHBaMH
m300pakeH 3arpy3ka H KOHBePTAIL[HA
JlaGopar Hii B m300pakeHHit. MaHHITYIIAIHH ¢
OIIK-1.3,
1.2 OpHast NumPy u 4 IHKCeIsIMH. AHAIN3 H BEIPABHHBE aHHE
ITK-11.2
pabota OpenCV. THCTOI'PaMM [T VIIVUIIIeHHA
[Toctpoenu KOHTpacTa.
e
THCTOTpaM
M.
@ opmyrmp KB, C3
OBKa
TEeXHHYECK AHam3 KIIHHHIUeCKOro Kefica.
[TpakTHu oro OrpegerneHie THIIA 3a1auH
YK-1.1,
1.3 ecKoe 3aaHIg Ha 4 (KimaccH(HKAIHA, cerMeHTaIlH, V.12
3aHATHE | aHAIIH3 JIJIA TeTeKIHA). BEIOOD IIeeBRIX METPHK H '
3aMaHHOH TpeOOBaHHIT K TaHHEIM.
KIIHHIYEeCK
OH 3agaut.
Pasge 2. [IpenodpadoTka | yay4llieHne MeHIMHCKNIX H300PasReH Hil.
I IprmeHeH KB, C3
He
(bHILTPOR Pearnaliusa 1 cpasHeHHe ['ayccora,
JlaGopar 1151 METHAHHOIO H OIJIaTepaTbHOTO
6 (2 OIIK-1.3,
2.1 OpHAs IIIYMOIIOA ¢busTpoR. [IprMeHeHe GQHILTPOB
I111) OIIK-2.1
pabora BJIEHHA H Jlarumaca u Co0errsa 1711 BRITeIeHHS
TTOBBIIIIEHH KOHTYPOB.
S
PE3KOCTH.
;Ziﬂmai Breruriciienrie 2D BIIO m300pakeHHs. KB, €3
JlaGopar thatd ITprMeHeHHe HealbHBIX H IayCCOBEIX
¢ 6 (2 . OIIK-1.3,
2.2 OpHAasd (OIILTPOBR B YACTOTHOI OOIACTH.
HCIIOIIL30B I111) [IK-11.2
pabota S OOpaTHoe rpeoOpa3zoBaHIe H aHATI?3
ey Pe3VyILTaTOB.
Adrrmas KB, C3
MaGobar pIE{;T{C;‘paL[ [Tonck xroueBEIX Touek (SIFT, ORB)
P ABYR 1 romorpadguH. OI[eHKa TOUYHOCTH OIIK-1.3,
2.3 OpHast MeIHI[HHC 6
GoTa M- PEerucTparHi ¢ IIOMOIIBI0 MeTPHK OIIK-2.1
P (MSE, SSIM).
m300pakeH
HIH.
Pasges1 3. CermeHTanus M JeTeKI[Hsl 00beKTOB HA MeJHIHHCKHX H300paReH HAX.
CerMmedrail KB, C3
i C [TogGop mopora merogom O1ry.
JlaGopar | ITOMOIILIO [TprMeHeHHe alropHTrMa BoJopa3jiernna
6 (2 OIIK-1.3,
3.1 OpHas KJIaCCHUEeC (watershed) g pazmenenms
I111) OIIK-2.1
pabota KHX CIIHBIIHXCS 00LEKTOB Ha
METOJIOB MHKPOCKOITHYECKHX H300pakKeHIIX.
(rmoporoea
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A

2

watershed)
O0yueHe KB, C3
H
IIpHMEeHeH [TonroroBka maracera M pa3MeTKH.
JlaGopar | mHe MojenH 8 (4 Harmicamnme mafiroraiiza o0yuenrzs U- ITK-8.2,
3.2 OpHAA U-Net a1 IT1T) Net Ha ¢peiiMBopke ITK-11.2,
pabota CerMeHTAaIl PyTorch/TensorFlow. Baymmmarmsa i OIIK-2.1
HH BI3YAIIM3AI[HA PE3YIILTATOB.
OpraHoOB Ha
KT.
JleTeKIHs KB, C3
ITATOJIOTHY
CeIILE g Fine-tuning moxmerm Faster R-CNN
H3MEeHEeHHMIT
JlaGopar . wH Y OLO Ha gaTaceTe MeTHITHHCKIHX IK-8.2.
3.3 OpHast HCHOMEROR 6 m300pakeH it (HaIlpHuMep, ITHEBMOHHS OTIK.D 1
pabota N Ha peHTTeHorpammax). OreHKa
Mpeobye MEeTPHK JeTeKLHH.
HHOT O
TeTeKTopa.
Pasjgea 4. Kinaccupukanua 1 perpeccisi B MeAHIHHCKHX JAHHBIX.
I13BpnmeueHH KB, C3
e 1 aHaIIH?3
TeKCTYPHEI Pacuet marprier GLCM H cTaTHCTHK
TaBopar X (KOHTpACT, SHePrHi, SHTPOITHSI).
41 opHAS IIPH3HAKOB 6 (2 Kitaccudnkargisa yuacTKoB OIIK-1.3,
(GLCM) IIII) | m300pakeHIsI ¢ HCIIOIL30BAHHEM [TIK-11.2
pabota
T IIST S VM Ha ocHOBe H3BIIEUeHHBIX
KIIaCCH(PHK TIPH3HAKOB.
AITHH
TKaHeT.
Knaccudgu KB, C3
Kars
I epMaTOCK
JTaGopar OTTHYECKIX Hcronmszoranne rq:mg,u;nﬁyqe.}mnﬁ
42 | opmas m300paikeH 6 MopeiH (ResNet). Fine-tuning Ha [1IK-8.2,
' Hiic naracete [SIC. AHaI3 TOUHOCTH H [IK-11.2
pabota . .
TTOMOII[EIO rocTpoeHHe confiision matrix.
CNNu
Transter
Learning.
| 'eHeparnt KB, C3
KapT Bmzyamrarmsa obnacreit
NaGopar AKTHBAI[HH m300parkeHHsI, HAaHOOJIee 3HAUHMBIX
43 opHAT Grad-CAM 4 LTI TIPEICKAa3 aHHs MOJTEIIH. ITK-8.2.
paboTa T HTepIpeTalpisa pe3yibTaToB I YK-1.1
00BsICHEHH THITOTETHYECKOI'0 KIIMHHYECKOI'O
I pelleHHH CITyuasd.
CNN.
Pazgen 5. Buzyanuszauys U MHTerpalus pe3yiabTaTOB aHAJIH3A.
JlaGopar 3D 4 (2 IToctpoenue rormroHamsHoO MogemH | OIIK-1.3, KB, C3
5.1
OpHas BIH3Yya3a IIII) | (mesh) cermenTHporanHoro oprana ¢ | OIIK-2.1
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pabora IS HCITONL30BaHHeM OHOmHoTekH VTK
PE3YIILTATO 1w PyVista. IHTepakTHRHOE
B BpaIleHHe H H3yueHHe MO eITH.
CerMeHTaI]
HH Ha
OCHOBE
ToCIIeToBa
TeIIbHOCTH
KT-cpesos.
Cos3madie KB, C3
IIPOTOTHIIA
BeO- PazpaboTka mmpocToro IpHiIokKeHHs Ha
[Ipaktiu | uHTepdeiic Streamlit m Flask: zarpyzka K-8 2
5.2 | eckoe a I 6 3 00pa’keHHs, 3aITyCK ITpeTo0yUeHHOI VK. '2*
3aHATHE | 3arpy3KH H MOJIEIH, OTOOpakeHHe pe3yihTaTa '
aHaI3a (MacKa ceIrMeHTaI[HH HIH KJIacc).
m300paikeH
1558

Bceero 3a cemectp 72
* Dopmbl npoeedeHUA 3AHAMIULI CEMUHAPCKO20 MUNA:
npaxmideckoe 3auamile, ceMuUHap, 1abopamopHas paboma, CUMYIAYLUOHHOe 3aHamile, KIUHUYecKoe 3aHsmie,

HAVHHO-HPAKMNWUYeCKOE 3aHAmNeE, KPY blid CHoda, Macmep-rKiacc, KOUIOKGUYM.
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4.5 Coaep:xanie BHeayIHTOPHOI cCAMOCT OATEJIbHOM PadoThbI

Ilepeuenb | Opepoun
NJK, ble
Ni TeMbI e Copep:xanue (GopMuPYEM | yatepna
" menmmumme | gy qacon CAMOCT OATEJIbHOI PadoThI pIX B JIb1 1151
1| IpoLecce | pexymero
OCBOCHMA | KoHTPOJI
TeMbI s
HM3y4deHue
Pasren JUTepaTyphbl. KoHCITeKTHpOBaHH
1. Breere ® € OCHOBHEIX craHmapToB DICOM
KOMITHEOTEPHBI 1 NIfTI. Ananurnueckas
. pabora. Ilonck u cpapuenmne 2-3 | OIIK-1.3,
1. | it aHam3 4 KB, C3
METHITHHCKTIX OTKPBITBIX JaTaceTa ) YK-1.1
MeIHITHHCKHX H300pajkeHHit 110
TaHHBIX H
g 3a]l AHHBEIM KPHTEPHAIM
300 pasKeHI it
(MO aJIbHOCTE, 00BeM, HaIHUHe
pa3sMeTKH).
PellleHne 3agau. PelrreHrie 3amqau KB, C3
Pazgen IT0 TI000PY ITapaMeTPOB
2. IIpemoGpabo (bHIILTPALMH 71 3aJaHHEIX THIIOR
, |TKAH 2 mryma. IIporpammupoBanue. Ha | OIIK-1.3,
| VIIyullIleHHe ITHCAHMe CKPHIITA JIJIA ITAKEeTHOM IHK-11.2
MeTHI[HHCKHX npenobpaboTku Habopa
300pasKeHHii. 300 paKkeHIii (HOpMaIi3 alfis,
oOpe3ka, ayrMeHTaIHI).
HccaenoBaresnckas KB, C3
pabora. CpaBHeHIe
Pasren 3¢)¢EKTI{EHDCTI;I ABYX Pa3ITHMHBIX
3. CermeHTaIm APFITERLYD HEHPOCELER AT ITK-8.2, TIK-
3. 12 CerMeHTAI[MH HA HeOOILIIIOM
A H AICTOKIHA ITy OJIHUHOM JiaTaceTe (HaIpHMep 11.2, YK-1.2
00BLEKTOB. ’
CeIMeHTAI JIETKHX).
[lonroToBKa KpaTKOro oTUeTa C
MeTPHKAMH.
Kpurnueckmnii KB, C3
aHaau3s. HarmicamHie pelieH3HH Ha
HAYUYHYIO CTaThIO 10
TTPHUMEHEHHTIO MAIITHHHOTO
o0OyUeHHsI B MeHIHHE C (poKycoM
Pazgean Ha BaJTHHOCTH METOOIIOIHH H
4 4. Knaccudgnxka 2 OLIEHKY ITK-11.2,
| IHAH pe3yibpTaToR. CHcTeMaTH3AUA YK-1.1
perpeccHs. 3HaHMil. Co3anHe
CpaBHHTE€bHOM TaOIHIBI
MeTO0B KTacCH(pHKAI[HH C
yKa3zaHHeM HX CHILHBIX H CI1a0BIX
CTOPOH JIJI1 Pa3HBIX THIIOR
MEJTHITHHCKHX JTaHHBIX.
Paszngen IIpoexTHpoBanue. PazpaboTka KB, C3
5 5. Buzyamizaig 4 TEXHHYECKOr0 5CKI3a (OIoK- ITK-8.2, VK-
" HAH CX€MBI) ITPOTOTHITA CHCTEMBI 71T | 1.2
HHTEerpaIH. pelleHHs CKBO3HO 3aauH
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(HamprMep, «JlMarHOCTHYEeCKAs

IoAaepKKa IpH aHame KT
TIETKHX) ).

Bcero:

36

OﬁpﬂSﬂEﬂT €JIbHBIC TEXHOJIOI'HH, HCIIOJIb3YEMbIC IIDH H3VYYUCHHH JHCHOHILIJIHHDI.
L.

2.

Tpa,[[IEL[IIGHI{BIE GﬁpﬂSGEﬂTEHBHLIE TEXHOIIOI'HH

JluctaHIMOHHBIE OO0pa3oBaTElbHbIE TEXHOIOIHMH, B TOM YHCIE C BO3MOKHOCTBIO
CHHXPOHHOI'0 H ACHHXPOHHOI' O B3aHMOJEHCTBH IIOCPEACTBOM CEeTH MHTepHET»

HMHpopmalmioHHble TexXHONIOTHH (0a3a ¢ BIeKTPOHHOH OHOITHOTEKOH/MeTO JHYSCKHE
MaTepHalbl o JHcHHIDIHHE B cHcTeMe MOODLE/Tectuporanme B cucteMe MOODLE u

Ip.)
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5. OPTAHU3AIINA TEKYIIEIO KOHTPOJISA U ITPOMEXKYTOYHOH

ATTECTAIINN
5.1 1IpoBeeHne TeKyIero KOHTPOJIA MO TeMam/pasaeiaM JHCHHILTHHDI
Tema/basie Koabl OneHo4YHbIe
He ::“ﬂ'i‘m npoBepsAeMbIX | MaTepHAJbI Pe3yibTaThbl BHINOJIHEHH A 32 1aHHH 110
A “M KOMIIET EHIIHH | I TEeKYIIero Teme/pasaesy *
n MK KOHT Po.ifl
Y YK-1.1 VK- KB IIpegcTaBieH KOHCIIEKT JIEKITHI H Jp.
1.2 OIIK-1.3
Pasen OINK-2.1 TIK-
I. Beenenne B | ¢ 5 r-11 2K-
KOMITHIOTEPH 1'1 'ﬂ{.-l 5
BIIT AHAITH3 ' *
METHIIHHCKIX 825:;?
fﬂ Dﬁpzizmﬂ‘f{ ‘SEE i ‘;rK-] 2 C3 CHTyallHOHHAas 3aJauya peleHa
OIIK-2.1 TIK-
8.2 IIK-11.2
YK-1.1 YK-1.2 KB IIpegcTaBieH KOHCIIEKT JIEKITHI H Jp.
Paspen OIIK-1.3
2. IIpemoOpab OIK-2 1 TIK-
OIRall e |32 TIK-11.2
YHYHIT YK-1.1 YK-1.2 C3 CHTVal[IOHHAa 3aJaya pellcHa
MeTHITHHCKIX OTK-1 3
H300pakeHHit OLTK 2'1 K
8.2 IIK-11.2
YK-1.1 YK-1.2 KB IIpeacTraBieH KOHCIIEKT JIEKITHI H IP.
b OIIK-1.3
I OIIK-2.1 TIK-
3. CerMeHTall | ¢ 5 11gc 11 2
e YK-1.1 YK-1.2 C3 CHTyalHOHHAs 3aJauya pelleHa
ASTERHI OIIK-1.3
00BEKTOB. OLK 2‘1 K
8.2 IIK-11.2
YK-1.1 YK-1.2 KB [IpeacTarineH KOHCIIEKT JIEKI[HH H Ip.
OIIK-1.3
Paznen OIIK-2.1 IIK-
4. Knmaccnpu | 8.2 IIK-11.2
KaI[s | YK-1.1 YK-1.2 C3 CHTyallHOHHAas 33aJauya pPelIeHa
PETPECCHSL. OIIK-1.3
OIIK-2.1 TIK-
8.2 IIK-11.2
YK-1.1 YK-1.2 KB IIpegcTaBieH KOHCIIEKT JIEKITHI H Jp.
OIIK-1.3
Pazgen OIIK-2.1 IIK-
5. Busyamza | 8.2 1IK-11.2
1158: 951 YK-1.1 YK-1.2 C3 CHTVal[IOHHAa 3aJaya pellcHa
HHTerpanusa. | OIIK-1.3
OIIK-2.1 TIK-
8.2 IIK-11.2
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*Tema/pazoen cuumaemcs 0ceoeHHoil NPLL GbINOAHEHLLL 6CeX 3A0aH1Lil

5.2 IIpoBeseHHE MPOMEKYTOYHOH ATTECTAIHH 110 JHCIHILITHHE
dopma NMPOMEKYTOYHOH ATTECTANHH 110 JUCIHILIMHE — 3a4ent ¢ 01feHKOIL

JTanbl NnpoBeJeHn s MpPoOMeKY TOYHOMI ATTeCTAIHM:
1. Tecmoeniii koHMpPONL NO 6cem pazoenam OUCLLINILIH bl

5.3. Kpurepun oneHHBAHHA POMEKYTOYHOH ATTECTAIIHH

JI14 3a4yeTa ¢ OLIEHKOH:

Buja sazannsga «He3zauger.» «3aver»

T3 - 69 % M MeHee ITPaBIIIbLHBIX 70% u Oonee MpaBHWIBHBIX
OlleHKa BBIIOITHEHH S OTBETOB OTBETOB
TECTOBOI'O 3a[aHI I

Kpurepnn olleHHBAHHA Pe3yJbTaTa NMPOMEKYTOYHOH aTTeCTANM:
MTororas olieHKa CKIaJbIBAcTCs CYMMEBI OaJUIOB, ITOMYYEHHBIX B PE3YIIbTATE BHIIIOIHEHHS
TeCTOBBIX 3afaHHiH (T3).

Tunosble 3axanusa A nposepku gopmuposanusa MK Ha npoMeXKyToUYHOH ATTeCTAIIHHA

3amaHue 3TAJIOH OTBETA liposepsemble H/IK

IIpounTaiiTe TEKCT, YCTAHOBUTE
PABWILHYIO MOC/AeJ0BATENbHOCTE H
3anuimmTe HUQphI 6e3 Npobe/oB M 3HAKOB
[penuHAHUSA. Y CTAHOBHUTE
TTOCJIeTOBATEIILHOCTE CIIOEB B apxXHTeKType U-
Net oT Bxoma K Bexony: 1. Croii myimHTa 214353 [TIK-8.2
(downsampling). 2. BXxogHo# cBepTOUHELI
croii. 3. BEIXOIHOI CBepTOUYHBIH CIIOH ¢

aKTHB aIfHeit softmax/sigmoid. 4. Croit
arrceMruHHTa (upsampling) co skip-connection.
5. CepepTouHsIi OJIOK B IeKOfiepe.

IIpounTaiiTe TEKCT M NIPOJOJIKUTE
[penioKeHHe KPpATKUM OTBETOM B
HMEeHUTEJIbHOM Majeke eJUHCTBeHHOT 0
yucaa. MeTpHka, oleHnBaronias roromans mox | AUC-ROC (Ilmommans
KPHBOIi, OTpazKaroleii KOMITPOMICC MEEIY rog, RO C-kpHpoit)
True Positive Rate 1 False Positive Rate rpu
BCeX BO3MOJKHBIX ITOPOrax KilaccH(pHKAIH,
HA3LIBAETCS

IIK-11.2

[Ipourraiire TEKCT H YCTAHOBHTE
COOTBETCTBHE MEXIY THIIOM BH3YyaJIH3al[HH
ITAHHBIX H I[eJIBI0 €€ HCITOIE30BaHH: IIPH
aHaJI3e Pe3yILTaTOB SKCIIEPHMEHTOR.
3armamTe B TaOIHIly BEIOpaHHEIe OYKBEI ITOJT
COOTRBETCTBVIOII[HMH HOMepaMH. | U1 1C, 2A, 3B. 4D [TIK-11.2
Bmzyaamzanuu: 1) Confusion Matrix. 2) ROC-
kpHeas. 3) bokcruoT (Boxplot) 3nauenrii Dice
1o pommam xpocc-paymmarii. 4) ['padHk
oOyuenns (Learning Curve). Iens: A) OreHka
KOMITpOMHCCca Mexy Sensitivity 1 Specificity
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TIIPH Pa3HBIX Moporax. B) AHamims cTaOHIEHOCTH
H pazbpoca MeTpHKH MojemH. C) JleTanbHBIT
aHAJII3 THITOB OIITHOOK KITacCH(pHKAIHH. D)
BrIgBIeHHE TTIepeodyUeH s HIH HEeT000 yUeHHS
MOJIETIH.

[Ipourraiire TeKCT H JaiiTe pa3BepHYThI
oTBeT (TpH H Oonee cioB). Kakre MeTpHKIL,
TTOMHMO TOUHOCTH (Accuracy), He0OXOIHMO
OLIEHHTD JJI JeMOHCTPAIHH HaJl €:KHOCTH
CHCTEMBEI JIETeKI[HH ITHERMOTOpaKca H IToueMy ?

HeoOxogmMo OIEHHTE
Sensitivity (Recall),
yTOOLI ITOKA3AaTh,
CKOITFKO CITyUaeB
ITHERMOTOpaKca
CHCTeMa He ITPOITyCKaeT
(KpHTHUHO IS XKH3HH),
H Specificity (rm
Precision), UToOFI
IT0KAa3aTh, HACKOIILKO
pPeIKO CHCTEMaA JIaeT
TIOKHEIE cpabaThIBaHHsI
(UTOOEI He
TeperpykaTh Bpaueii).
Taxke paxxHa AUC-
ROC g obrreit
OIIEHKH KauecTBRa.

ITK-8.2

OneHo4nble CpeacTBA 0 JUCIHILIMHE (TTPIIoKeHHe 1 K pabodeH ITporpamMmMe).
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6. XAPAKTEPHCTHUKA NTH®OPMAIINOHHO-OBPA30OBATEJIbHOH CPE/IbI

B UMO co3paHa H QyHKITHOHHPYET 31IeKTPOHHAS HH() OPMAI[HOHHO-00pa3oBaTelIbHAS
cpena (manee - S3UOC), BKIoYaromas B ce0s 3IeKTPOHHbIe HH() OPMAI[HOHHEIE PECYPCHI,
3JIEKTPOHHEIE 00pa3oBaTelIbHBIE pecypchl. DHMOC obecrieynBaeT OCBOEHHE O0YYAROIIIMHCS
00pa3oBaTelbHBIX ITPOIPAMM B ITOJTHOM 00BhEME HE3ABHCHMO OT MECTA HAXOKIECHH S
00yJaroIMXCcs. OIeKTPOHHBIe OHOIMHOTEKH 00ecIIeYHBAIOT JOCTYII K ITPOQeCCHOHAIbHBIM 0a3aM
JAHHBIX, CIIPABOYHBIM H ITOHCKOBBIM CHCTEMAM, a TakK)Ke HHBIM HH( OPMAITHOHHEBIM PECYPCaM.

6.1 IIporpammHoe obecniedeHne, npodeccnoHaIbHbIE 0a3b1 JAHHBLIX, HH(pOPMAIHMOHHbIE
CIIPABOYHbIE CHCTEMbI, pecYpPchbl HHPOPMAIMOHHO-TEJIEKOMMYHHKAITHOHHOM CeTH
«/IHTEpHET», HEOOX0ANMbIE /ISl 0CBOEHHSA AUCIIHILIHHDbI

1. IIporpammHoe odecniedeHne, HCIO/Ib3YEMOE MPH OCYILIeCTRBJIEHHN 00Pa30BaTEJIHLHOI0
Ipoiecca mo JUCIHILINHE:

OrnepalHoHHasa cucTeMa Astra Linux

[Taket OpenOffice

[Taker LibreOffice

NETOP Vision Classroom Management Software

OO0pasorarensHBIA opTan OI'BY « HMHI] uMm. B. A. Asmmaszosay Mun3apasa PoccHu

https://moodle-new.almazovcentre.ru

CALb «HpOuc 64» - cucreMa aBTOMarH3aIyi OHOIMOTEK. SIEKTPOHHEBIN Karainor APM
«Uurarems» 1 Web-HUpOmuc

2. IIpodeccnoHaIbHBIE 0a3b1 JAHHBIX, HCIIO/Ib3YeMbI€e IIPH O0CYINECT BJIeHHH
00pa30BaTeJIbHOIO MpoIecca no AHCHHILIHHE:

OneKTpoHHasa OHOmoreyHas cucreMa «MeauimHcekas oundimmoreka « MEDLIB . RU»
(www.medlib.ru)

DOJleKTpOHHAsI MeJHITHHCKas OnOnHoreka « KoHcylnsTaHT Bpada» (www.rosmedlib.ru)

OBC «bykamy (https://www.books-up.ru/)
OBC «tOpaiiry» (https://urait.ru/)
OnekTponHas onomoreka [Ipodu-JInd « MeauiHcKas mHTepaTypa H3garenbcTra " CrieIyinT ' »

(https://speclit.proty-lib.ru/)

BcenmmpHasg 6a3a JaHHBIX cTaTell B MeJHITHHCKHX KypHalTax PubMed
https://www.ncbi.nlm.nih.egov/

Hayunas snexrponHas Oudnuoreka http://elibrary.ru/

3. Pecypchbl HHpOPMAINOHHO-T €JIEKOMMY HUKAIMOHHOH ceTH «IHTEepHET», Heo0XoqHMbIE
IJISI OCBOEHHM S M CIMILINHBI:

ITonckoBrle cucTeMsl Yandex (http://www.yandex.1u/)

MynbTHMe JHITHBIH CIIOBaph IepeBoia clIoB oHiIaiH Mynstutpas (http:/www.multitran.ru/)
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YHusepcurerckas HHpopmarinoHHas cucteMa POCCHA (https://uisrussia. msu.ru/)

[Tyonukarmu BO3 Ha pycckoM si3bike (https://www.who.int/ru/publications/i)

MexayHaponHsie pykoBoacTBa 1o meguipHe (https:/www.guidelines.gov/)

DenepanbHas AIeKTPOHHAS MeAuIMHeKas onommoreka (DSMB) (http://www.femb.ru)

Bomp u ee neyeHne (www.painstudy.ru)

US National Library of Medicine National Institutes of Health (www.pubmed.com)

Pyccxiii MeHIHHCKHI KypHaI (WWW.Ij.11)

MimmcTepeTBo 31paBooxpaHneHus Poccuiickoi Memeparmu (www.rosminzdrav.ru/ministry/inter)

KuodepJlennHaka — 310 HayyHas 3leKTpoHHas Oudmoreka (https://cyberleninka.ru)

Poccuiickas rocymapcTBeHHas OHOmoTeka (Www.1sl.ru)

6.2 Ilepedenn Y4eOHOM JUTEPATYPDbI, HE00X0 MO I8 0CBOECHH A JHCIHILINHDI:

1. Mupknn, b. I'. ba3zoBeie MeTOABI aHalnM3a JAaHHBIX .| VUeOHHK M IMPAKTHKYM JJIS BY30B /
b. I'. MupkuH. 3-e m3x., nepepad. u gor. — Mockea : HMsgarenscteo IOparr, 2025 —
297 c. — (Bricmee oOpaszoBanne). — ISBN 978-5-534-19709-9. — TekcT : 3IeKTpOHHBI //
OO0pa3zoBarenbHas iargopma FOpaiit [caitt]. — URL: https://urait.ru/bcode/560414

2. Epmros, 1O. A. bHoreXHHYeCKHe CHCTEMBI MEJHUIMHCKOIO HaszHAYeHHS : YUYEOHHK I
By30B/ 1O. A. EpmoB, C. U. IlyxmH. — 2-¢ u34., Henp. H gorn. — MockBa ;| M3gaTenscTBo
IOpaiir, 2025. — 444 c. — (Bericiiee oOpazoBanue). — ISBN 978-5-534-20355-4. — Teker
3JIeKTPOHHBII // OOpa3zoBaTelIbHasl TUIaT g opMa IOpaiit |caiiT]. -
URL: https://urait.ru/bcode/558001

3. HMiscos, JI. B. buomemuipHcKasgs aHalMTHYeCKas TEXHHKA . VYYeOHHK I BY30B /
JI. B. Undgcog. 2-e u3a., ucnp. U gorn. — Mocksa . UsgarenscTBo Opant, 2025, — 332 ¢c. —
(Beiciee  oOpaszopanme). — ISBN 978-5-534-13163-5. — Tekcr : 53IeKTPOHHBIH //
OOpazoBarenbHas riatdopmMa IOpaiit [carit]. — URL: https://urait.ru/bcode/56692 1

4, AHaim3 JaHHBIX | Y4eOHHK IS BY30B / mmoj peaakiueii B. C. MxurapsHa. — Mockpa :
HzparensctBo Opait, 2025. — 448 ¢. — (Briciee odpazoBanme). — ISBN 978-5-534-19964-
2. — Tekcr : o»nekrponHbni // OOpa3oBaTermbHasa 1mmatdopma IOpaiit [calit]. —
URL: https://urait.ru/bcode/560311

3. Tomncrobpos, A. II. YpaBneHHe JaHHBIMH : YuyeOHHK JUIsd By30B / A. II. TomcToGpoB. —
3-e m3x., nepepad. u gom. — Mocksa . MzparenmscrBo IOpanr, 2025. — 272 ¢. — (BrIcmee
oOpazoBaHne). — ISBN 978-5-534-14162-7. — Tekct : snekTpoHHBIH // OOpa3zoBaTelnbHas
mmraTdopMma FOpaitt [caiit|. — URL: https://urait.ru/bcode/567678

6. BopoHoB, M. B. CHcTeMBI HCKYCCTBEHHOI'O HHTEIIIEKTA .| YUeOHHK H ITPAKTHKYM IS
By30B/ M. B. BoponoB, B. U. IlmmenoB, M. A. HeGaeB. — 2-e wm3m., nepepald. H JOIL. —
Mockga : HM3garemscreo Oparnr, 2025. 268 c. — (Bricmmee oOpazoBanue). — ISBN 978-5-
534-17032-0. — Tekct : »snekTpoHHBII // OOpa3zoBaTenpHad IniaTdopma IOpaiT [calT]. —
URL: https://urait.ru/bcode/567794

7. BuomemmnHcKas HHpopMaTHKa. KOMIIBIOTEpPHBIE ITPHIIOKEHHS B 3/IPaBOOXPAaHEHHH H
OHOMETHITHHE | pykoBoAcTBO / mmoj ped. O. X. [Moprmmdda, k. Jxk. UnmiHO, oTB. pex. M. O@.
Yanr, rieperox ¢ aHri. o pex. I'.0. YnymbOekoBon, A.H. Hapkernua, P.C. Kosmnopa. - Mockga :
I'DOTAP-Menmna, 2024. - 744 c¢. - ISBN 978-5-9704-8204-9, DOI: 10.33029/9704-8204-9-BIN-
2024-1-744. - URL: https://www.rosmedlib.ru/book/ISBN9785970482049.html
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ITACIIOPT

OIIEHOYHLBIX CPEJACTB

1o gucummHe «KOMIIBFOTEPHBIN AHAJIN 3 MEUIIMHCKHNX JAHHEIX 1

N30 PAKEHU N

B pesyibTaTe H3yUeHHS JHCIHILIHHBI Y 00y4al01erocs popMHpPYOTCH cJIeAYIOLIHe

KOMIICTCHIINN.

YK-1.1 YK-1.2 OIIK-1.3 OIIK-2.1 IIK-8.2 IIK-11.2

IIpoBepsieMbIe
KpHuTepun oneHHBaHHSA MeTtoabIl OneHo4yHbIe
kKommeTeHiuu 1 MK
00pa3oBaTeJIbHbIX Pe3Y.JIbTATOB KOHTPOJIA MAaT epHAJIbI
(KoabI)
YK-1.1 IIpoogur , TecTupoBanue T3
- 3HAeT: OCHOBHEIE THITEI
KPHTHMECKHH aHaIH3 3aJ1aY AHATH3A Me THIIHHCKIX
IIPOOIIEMHON CHTYaI[HH H n306paKerITt (CerMeHTAIIS CobecegoBaHie KB
popMmympyeT KIIaCCH(HKAIHA, JeTeKI[HT)
OLIEHOYHBIC CYAJCHHA , M KPpHTEPHH BEIGOpa MeTofioB | J|eMOHCTpaIms C3
HX pPelleHH . ITPAaKTHYECKHX
YMeeT: dHAIDSHPOEATE HARBIKOB
IIOCTAHOBKY 3adail,
opmyIHpOBaTH TPeOOBAHIA
K JJAHHBIM H METO/IaM
00pabOTKH, OIleHHBATE
aJIeKBATHOCTH BEIOPAHHOT O
IIOIX0IA.
YK-1.2 IIpumeHser 3HAET: STAIbI TecTtupoBaHHE T3
CHCTEMHBIH ITOIXOJT ITPH IIPOEKTHPOBAHIA CHCTEMBI
TUTAHHPOBAHHH H AHAlH3a MeHIHHC KX CobeceZoBaHHE KB
PEIEHHH 3a1a4 B ,[[ElI-H{BIj{ DFT coOpa H
- e 100paboTKH [0
IpodeccCHOHAIbHOH 1Pe DD A JleMOHCTpaIs C3
_ BHEJTPEHHS MOJIEIH .
00mIacTH, _ ~ ITPaKTHYECKHX
YMeeT: pa3zpaOaTbIBaTh IUIAH
PEIEeH S 3aJaul, VUHTHIBAL HaBBIKOB
OI' PAHHYCHIA 11O
BEIUH CIINTEIILHEIM PeCypcam],
KauecTBY JAHHEIX H
KIIMHHYECKIM TPeOOBaHHIM.
OIIK-1.3 IIpuMeHseT 3HAeT: COBpeMEHHEIE TecTHpoBaHue T3
COBPEMEHHBIE OHOTHOTEKH I (PeiiMBOPKH
HH(OPMAI[HOHHEIE ALL aHallisd H300PAKCHIH | CobecegoBaHie KB
TeXHOJIOTHH, BKITIOUAS (0!}3 “C]V - Smk“;i““g‘e*
orch, TensorFlow), nx
HHTEIUIEKTYaIbHEIE Py " ) JleMOHCTpaIsI C3
BO3MOJKHOCTH H
METO/IBI JIJIS aHaJIH 34 ITPaKTHYECKHX

OI' PAHHYE HILA.
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MeJHIMHCKIX JaHHBIX, YMeeT: IPHMEHATE HABBIKOB
Al OPHTMEI ITpe J00paboTKH,
CerMeH TaITHL,
KJIaCCH(HKAIIH H
BH3YAITH3AI[IH Me JHITHHCKHX
H300pakKeHIIl C
HCIIOJIL 30BaHIeM Python i
CITEITHATH3HP OB AHHBIX
IIAKETOB.
OIIK-2.1 Breigensger u ¢ 3HaeT. 0COOEHHOCTH TecTHpoBaHue T3
OILleHHBAET BH3VYVAIIBHOTI O ITPE ACTABIICHITA
MOpG O YHKIFIOHATIbHEIE, PASIITIHBIR THIIOB | Cobecenopanme KB
QJIIBIIGHGI‘HIIECK[IE MEJTHITIHHCKHX H300PAXCHITH
COCTOSIHHS U (KT, MPT, Y3, peHTreH) I JleMOHCTpaILs C3
HX CBSI3b C aHATOMITUECKIIMH
ITaTOJIOr HUECKHE ITPaAKTHYECKIX
H IIaTOJIOTHYE CKHMH
IIPOLIECCH] B OPTraHH3ME CTPYKTYPAMIL. HAaBBIKOB
1CIIOBEKA , YMeeT: HHTePIIPeTHPOBATh
Pe3yIIbTaThI

ABTOMATHYECKOTO aHAII3a
H300paxKeHII (HaIpHMep,
KOHTYPEI OpPraHoB, 001acTH
MTATOJIOTHIT) B KOHTEKCTE
KIIHHHYECKOIT 3aauH.

[IK-8.2 Ucnionmesver SHAET: IPHHIHITHI TIOCTPOEHH Tectupopanue T3
COBPEMEHHEIE ITOAXOEI EZDHBEfIEPDB (PipEli‘[lE) DﬁpﬂﬁDT]ﬂI
IIPH pa3paboTKe ME/HIIHCKIR JaHHBIX, MEIO/IbI CoOeceoBaHHe KB
HHTEIUIEKTYaIbHBIX I[[;[TEFPBIHHI MOIOEIEH MAITTIHHOI O
CHCTEM UL MEJHMITHHEL {1 | O0- Loriil B RIHHITHECKHE JleMOHCTpaIs C3
3IPaBOOXPAaHEHHL. | IH{CPDPM&IHID}FME CHCTEMBE ITPAKTHYECKIX

YMeeT: pazpabaThIRaTh MMPOTOTHIIEL

HHTeJIeKTYalbHEIX CHCTEM aHAII3a HaBbIKOB

H300pakeHII, OIEHHBATh HX

TOUHOCTE H HaJIeKHOCTh, O()OPMILATE

TEXHHUE CKYIO TOKYMEHTAIIHEO.
IIK-11.2 OGpabatriBaeT TecTHpoBanue T3
SKCIICPHMEHTAIIBHBIC 3HAET: METOJILI BAIM JAINH H OITeHKII
JAHHBIE H aHATH3HPYET KaecTRa AMTOPHTMOB AHATI3A CobecenmoBaHue KB
PE3YIIbTAaTbl MCIHKO- MeTHITHHCKHX H300paK e it
OHOJTOTHYECKHX (meTpHxH Dice, IoU, accuracy, ROC- | JeMOHCTpaIs C3
HCCIIE JOBAHIII C aHATH3). ITPaKTHYECKHX
HCITOJIb30BaHHEM YMeeT: IPOBOAHTE CTAaTHCTHYECKYIO HABBIKOB
CIIEL[H AT 3HPOBAHHBIX 00paboTKy pe3yIbTaToB
T3EIKOR 3KCIIEPHMEHTOB, BU3YAIH3HPOBATh
MPOrPAMMHPOBAHH, JTaHHEIE, (JOPMYIIHPORATH BEIBOJIEI HA
S — OCHOBE KOJTHUECTBEHHEIX OIIEHOK.
ITAKETOB.
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O EHOYHLBIE MATEPHAJIBLI JIVIA TEKYIIEI'O KOHTPOJIA

Kpurepun oneHnBaHHS:

Buj zaganuga «Hezauetry «3aueTy

C3- 69 % M MeHee ITPaBHIIbLHBIX 70% u Gonee IMpaBHWIBHBIX
OTBETOB OTBETOB

OlleHKA BBOTOTHEHHS

CHUTYaIlHOHHBIX 3a1a4

KB — 09 % u MeHee ITPaBIIIbHBIX 70% u Gonee mpaBWIBHBIX
OTBETOB OTBETOB

OlleHKa BBOTOTHEHHS

KOHTPOJILHBIX BOIIPOCOB

Tema 1 «BBeeHse B KOMNbIOT €PHBbIH AHAJH3 MeJHIHHCKHAX JAHHBIX H H300paKeHHH.»

[TpoBepsembie komrieTeHIMH 1 M JIK (komer), popMIpyeMble ITPH H3YYEHHH TeMBI: IIepedeHb
YK-1.1 YK-1.2 OIIK-1.3 OIIK-2.1 TIK-8.2 TIK-11.2

K'DHTPGJ]I:-I{BIE BOITPOCEI ITO TEMC.

No
n/n

Jaganue

IIpoBepsiembIe
HJIK

Bormpoc 1: Yto Ttakoe ctangapT DICOM H KaKOBEH IO OCHOBHEIE (DYHKIIHH
B Me THIHHCKOH BH3YaJI3aI[HH ?

StamoH: DICOM (Digital Imaging and Communications in Medicine) —
3TO MeXTYHAPOIHBII CTAaHIAPT 1A Iepejayul, XpPaHeHH T, TIeYaTH H
00paboTKH MeIIIHHCKHX H300pake HIl H CBA3aHHBIX C HIIMH JAaHHBIX. ETO
OCHOBHEIE QVHKIRI: 1) YHH(pHKALIA dopMara GaillioB H CeTERBIX
IIPOTOKOIIOB 1A 0OMeHa MeX Iy yeTpoiicTBamMi H cHcTeMaMu (PACS, RIS).
2) XpaHeHHe He TOTBKO ITHKCENbHBIX JAHHBIX H300paKeHI, HO I
OOIIMPHEIX MeTaJaHHBIX (patient ID, study description, modality,
acquisition parameters, window/level settings). 3) OGecrnedeHue
COBMECTHMOCTH H HHTepOoIlepadeIsHOCTH 000y IOBaHIA Pa3HBIX
IIPOH3BOTUTEN el

OIIK-1.3

Bormpoc 2: B yeM 3aKIF0Yar0TC A KIFOUYeBEIe STHUECKHE HOPMEI ITPH padoTe C
Me THITHHCKHMH JaHHBIMH TI9 aHaTH3a?

StanoH: 1) KoH(pHIeHIaTsHOCTE H 3alI[iTa IIePCOHaTbHBIX

TaHHBEIX: O0A3aTebHOe 00e3/IMUHBaHIe (aHOHIMI3AIIA) JaHHbIX TIepe]]
aHAIM30M, VAJIeHHe IWIH IIH(poBaHHe TIPAMBIX HAeHTH(HKAaTOpoBR (DU O,
ITaTa pokIeHHd, aapec). 2) HHGopMIpoBaHHOe coriacHe: Hcrmons30Banme
ITAHHBIX JOIAKHO OBITh OJI00OpeHO 3THYECKHM KOMHTETOM H, KaK IIPaBHIIO,
OCHOBBIBATHCS HA COTTIACHH TTAIlHeHTa, ITOTYYeHHOM I

HCCIe IOBATelk CKHX ITellell. 3) be3omacHOCTs XpaHeHH I H

nepegaur: J{aHHble JOIKHBI XPAHUTHCS HA 3allIIIeHHbBIX CepBepax,

Ilepe JaBaTh A 110 3anmidporaHHEIM KaHanaM. 4) [Tpo3padyHocTs H

YK-I.1
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BOCITPOH3BOAHMOCTE: MeTobI 00padoTKH IO KHEI OBITh
JOKYMEHTHPOBAHEI, a Pe3yIbTaThl HCCIEIOBAHHI — ITOTEHI[HATBHO
BOCITPOH3BOJHMEI ITPH COOIFO e HHH 3THUECKIX HOPM.

Bompoc 3: KakoBEI OCHOBHEIE pa3Tiuid Mex Iy opmatavu DICOM u
NIfTI? B xaxmx 3agauax IIpeQIouTHTeIbHee Kak IbLl H3 HIX?

StamoH: DICOM: 1) XpaHUT KaxIpIii cpe3 (2D n3o0paxeHie) B OTIeIEHOM
(paiinme ¢ GoraThIMH MeTaJaHHbIMI. 2) JKecTkad CTPYKTYpa 3arolI0BKa,
OPHEHTHPOBAHHAAL Ha KIIHHHUECKYE0 padoTy H HHTET PAIHIO C

PACS. NIfTTL: 1) Xpauut Becsk 3D ob6seM (Harmpumep, MPT man KT

I CCIIe IOBAHIE ) B OTHOM dpaitne (.ni1 ITH .mi.gz). 2) FIMeeT Golee IMPOCTVIO
CTPYKTYPY 3arOJIOBKA, OPHEHTHPOBAHHYIO HA HAYUHEIE BEIUICIEHIT H
HefpoBm3yanmsanueo. I1pemmoureHna. DICOM HCIIOTB3YeTCA I
KIIMHHUYECKOr 0 0OOMeHa H IIePBHYHOM padOTHI C JAHHBIMH H3 allllapaToB.
NIfTI mpemmmournre b Hee 1A alITOPHTMHUECKO 0OpaboTKH, aHaIH3a B
HeHpOoceTIX M HaYUHBIX HCCIIe JOBAHHAX H3-3a IIPOCTOTHI 3aT PY3KH I[EITBIX
3D-00BeMOB.

OIIK-1.3

Bormpoc 4: Ilepeuncinte ocHOBHBIe OHOMHoTeKH Python mmd paGoTEI ¢

Me JHIHHCKHMH H300paKeHILIMH H HX Ha3HadyeHHe.

StanoH: 1) PyDICOM / SimplelTK: YteHre, 3ammich, o0paboTKa H aHAIIH3
DICOM-(aitnos 1 IpyrHxX MeIHIMHHCKHX ¢opMaToB. 2) NumPy: ba3opas
paboTra ¢ MacCHBaMH JAHHBIX (M300paKeHAMI KaK MaTPHI[AMH ),
MaTeMaTHueckHe onepaipi. 3) OpenCV: KiiaccHUECKHE alrOpPHTMEI
KOMITBIOTEPHOTO 3peHH ((PHIBTPALLA, MOP(OIOrHUeCKHEe OIlePaLlHH,
IeTeKId KOHTYpoB). 4) Scikit-image: Kiaccmueckne MeTOIbI 00paboTKH I
aHaIM3a M300pake il (CerMeHTAaId, BhIeTeHIE ITPH3HAKOR ).

5) Matplotlib / Plotly / Seaborn: Bizyamrzaia n3o0paxeHil, rpad Koz,
ructorpamm. 6) PyTorch / TensorFlow: @peiiMBOPKH 14 LTy OOKOT O
oOyueHHnsd, co3JaHNd H 00yUeHHA HeITPOHHBIX CeTel LA 3a/1a4
CerMeHTaIlHH, KIacCHPHKAIHH.

OIIK-1.3

Bormpoc 5: UTo Takoe THCTOrpaMMa H300pakeHHa H KaKyi0 HHQOPMAI[HEO O
Me JHITHHCKOM H300pakeHHH MOKHO H3 Hee IOIYYHTH ?

OTanoH: [ HcTorpaMma H3o0pakeHHI — 3TO IPaPHK pacIIpe AeIeHHT
YACTOTHI BCTPEUAeMOCTH KaKJAOTO YPOBHA APKOCTH (HHTEHCHBHOCTH)
IIHKCeNell Ha H300paxkeHHH. OHa IIOKA3BIBAET, CKONBKO IHKCEIeH HMeeT
oIfpeielIeHHOe 3HaueHHe ApKocTH (oT 0 g0 255 g 8-OHTHOTO
n3o00paxeHnd). 113 THCTOrpaMMBI Me JHITHHCKOT O H300paKeH A MOKHO
ommpenemnTh: 1) KoHTpacTHOCTSE: [ITHpoKint pazdpoc ApKOCTEl YKa3bBaET Ha
BEICOKHIT KOHTPACT, V3KHIT — Ha HI3KHIL. 2) JpKocTs: CIOBHT THCTOIPAMMEL
BIIEBO (K TeMHBIM TOHAM) IUIH BITPaBoO (K CBeTIHIM). 3) Hamrume apTedakToB
IIIH CIIeIfHuecknx TkaHeil: Harmpimep, Ha ructorpamMe KT rpyaHoit
KIIETKH MOXKHO YBHIETE ITHKH, COOTBETCTBYIOIIHE BO3YXY B IETKHX
(ror3kme 3HaueHH S HU ), MATKHM TKAHAM (CPETHIE ) H KOCTSIM (BEICOKIE).

4) 3¢ deKTHBHOCTE OKOHHOT 0 ITpeobpazopanmd (window/level): IloMmoraet
BEIOpaTh ONTHMAIbHEIE IIApaMETPRI 1A BH3YAIH3AI[HI OIIPE IeIeHHOTO
THIIA TKaHH.

OIIK-2.1

6

Bormpoc 6: O0BACHHTE TEPMHHEL "IICKPeTH3aIHA" H "KBaHT OBaHIe "
IIPHMEHUTETHHO K IH(PPOBOMY Me JHIIHCKOMY H300paKeHHEO.

STanoH: J[uckperH3amug (spatial sampling) — 310 Imporecc
ITpeoOpa3z0BaHILI HEITPEPEIBHOIO AHATOI OBOTO CHTHANA (M300pakeHIT) B
IICKPETHELI 110 IIPOCTPAHCTBEHHEIM KOOPAIHATaM (X, V, Z). Pe3yimsTar —

OIIK-1.3
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n300pakeHHe, COCTOAILEE H3 OTHEIBHEIX 3IIEMEHTOB (ITHKCeNeil 1id 2D mwin
BOKceneil mid 3D). YacToTa MICcKpe TH3AIMH OIpeIelIeT IPOCTPaHC TBE HHOE
paspelleHHE.

KeanToraHme (1ntensity quantization) — 3T0 IIpoIlecc COIIOCTARIIE HILT
HEIPePLIBHOIO JHAIIA30HA 3HAYEHHIT APKOCTH (aMIUIHTY Bl CHIHAIIA)
IIICKPeTHOMY HA0OpY LIeNbIX urcell. [ IyOHHa KBaHTOBAHHA (HAIIpHUMep, 8,
12, 16 OHT Ha IIHKCEeIb) OIIpeleli1eT IPKOCTHOE pazpelleHHe (KOIHYECTRO
OTTEHKOB CEPOT0), JOCTYIIHOE LA IIPEACTABIEHII PA3HbIX TKAHEI
(HampruMep, B HU Ha KT).

Bompoc 7: KakoBE OCHOBHEIE 3TAITEl IIPOEKTHPOBAHIA CHCTEMBI AHAIIH?3a
Me IHITHHCKHX H300paxeHIn?

OtanoH: 1) IIocTaHOBKaA 3adaul H aHaI?3 TpeOoBaHmiil: OIpeielIeHme
KIIMHHYECKOI IeIH (FIarHOCTHKA, IUIAHIPOBAHHE JTEUEHI ), THIIA 3aIaH
(KraccH(HKAIHA, CeTMeHTaIlHA, IeTeKIHd), KpHTepHes yciexa. 2) Coop u
IIOJITOTOBKA JAaHHBIX: ITonyueHHe JaHHBIX, 3STHUECKOE OJI00peHIE,
AHOHHMH3aIILA, pa3MeTKa SKCIlepTaMI, OlleHKa KayecTBa H OanaHca
maHHBIX. 3) [IpegoOpaboTka: HopmanH3alpg, ITogapiIeHHe IIryMa,
ayTMEHTAI[IA JaHHbIX, IIPHBEIEHIE K eIHHOMY GopMaTy. 4) Berdop u
pazpabotka MozeiH: [logbop apXHTeKTYpHI (K1accnueckad CV wiH
rorybokoe oOyueHHe ), ITPpOeKTHPOBAHIE KOHBelepa oOpadoTKH.

5) O6yueHne H Banuganua: Pa3eneHne JaHHBIX, OOyUYeHHE MOJIEIH, KPOCC-
BAIHAIN A, TOHKAA HACTPOIKa IHIeprapaMeTpoB. 6) OleHKa H
TeCTHpPOBaHIEe: TeCTHPOBAHHE HAa He3aBHCHMOIT BEIDOPKE, pacueT
KIHHHUYECKH PEIeBAHTHBIX METPHK, CTATHCTHYECKHIT aHaIH3.

7) UHTepripeTalid H BHelpeHie: OO0bACHEHHE pe3yIbTaToB (XAI),
CO3JaHHe ITPOTOTHIIA HHTepeiica, HHTerpalid B KIIHHHYE CKITT padourii
IIPOIECC, JOKYMEHTHPOBAHHE.

YK-1.2

Bormpoc 8: Kakyro pors HrpaeT cpefa Jupyter Notebook B mccie qoBaHHAX
II0 aHATH3Y MeJHITHHCKHX JAHHEBIX 7

StamoH: Jupyter Notebook — 3To HHTepaKTHBRHASL Bed-Cpeia, KoTopasd
00BeIHHAET HCIIOMHAEMBII KOJI, TEKCTOBEIE OITHCAHILA, ()OPMYIIBL,
BH3ya3alii H MYILTHMETHA B OTHOM JTOKYMeHTe. POIEb B
HccaeMoBaHNAX: |) MHTepaKTHBHOCTE H HCCIIeIOBATE JIh CKII

aHam3: [103BONAET ITOATAITHO BRITIONHATE KO (3arpy3Ka JaHHBIX,
mpeaoOpadboTka, BH3VATH3AIHL, 00YVUEHHE ), cCpa3y BH/IA pe3yibTar.

2) Bocripon3BoaimocTs: HOyTOYK coXpaHaeT BCIO IIOCTIE JOBATEIEHOCTE
eI CTBIIL, UTO KPHTHUHO I HAYUHEIX HCCIIEeJOBAHHIT H BATHIAIHH.

3) Buzyanmzanud H JOKYMeHTHPOBaHIe: YIIPOIaeT OTOOpakeHHe
MeJHIIHHCKHX H300pakeHHii, TpadHKOB 00yUeHH A, MAaCOK CerMeHTaIlHH
IIPAMO PAIOM ¢ KogoM. 4) CorMecTHaA padora: HOYyTOYKH JIeTKO AeIHThCH,
YTO CIIOcOOCTBYET KommabopaiH. 5) IIpoToTHinipoBanme: HaeaneH mid
OBICTPOI IPOBEPKH IHIIOTE3 H CO3AHH A JEMOHCTPAIIT aTTOPHTMOB.

ITK-11.2

Bompoc 9: Kakne oCHOBHEIE THIIEI 334a4 KOMIIBFOTEPHOI O aHaI3a
n300paKeHInT BRIIEILAI0T B Me JHIHHE?

StamoH: 1) Knaccugukaigia: OTHeceHHe BCEro H300paKeH I HIIH €ro
00IacTH K OIIpeleIeHHOMY KIIacCcy (HalpuMep, "ITHe BMOHH A
ecTh"/"TTHeBMOHIH HeT", " moOpokaue cTReHHaA'"/ ""3T0Kaue CTBeHHAd "
OITyxonks). 2) CerMeHTaId (ceMaHTHUYecKad): IIHKCcelb-TOUHOE BEIJIEIIEHHE
o0macTH HHTepeca (OpraHa, OIyXollH, COCY/a) Ha H300paKeHHIH. Pe3yIbTar
— OHHapHAAL IWIH MHOTOKIAcCOBasg MacKka. 3) JleTekipid (oOHapy KeHIe
00beKTOB ). HaxokIeHI e H JTOKAIH3AIIA ITIaTOIOrHUeCKHX 00pa30BaHHil
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I QHATOMITUECKHX CTPYKTYP € YKa3aHHeM HX ITOTOKEHH T
(orpaHHYHBarOIIAd paMKa — bounding box) H, BO3MOKHO, KIacca.

4) Peructparia: CoBMEIEHHE IBYX HIH Oonee H300paKeHInl OTHOT O
ITAI[HEeHTa, IIOTYUEHHEIX B PA3HOe BPeMS HIH Ha Pa3HEIX MOJATBHOCTAX
(Hampumep, KT n I[13T). 5) BoccTtaHoBIeHHe U yiryulieHne: [1oBsOIIEHIE
KaueCcTBa H300paKeHHA (CYIlep-pa3pellleHne, ITOIaBIeHIe IITyMa,
apTe)aKToB).

10

Bormpoc 10: [Touemy 1pi paboTe ¢ MeIHIHCKHMI JaHHBIMH BakHa
KOHIIEIIIH A BOCIIPOH3BOAMMOCTH (reproducibility) HccimemoBanimi?

OTanoH: BOCIIPOH3BOHMOCTE — 3TO BO3MOKHOCTE HE3ABHCHMOIT

HCCIIE JOBATEh CKO T PYINIBI, HCIIONB3V A T€ K€ HCXOIHEIE TaHHEIE H
METO/IBI, IIOMYUHTE Te K€ Pe3yIbTaThl. BaXXHOCTE B

MemHe: 1) Haie KHOCTE H TOCTOBEPHOCTE: B OCIIPOH3BOJHMOCTE —
KPaeyTroIbHBLII KAMeHb JOKA3aTeIbH O Me JUIMFHEL. AJT OPHTMEI, BIHIFOIIHE
HAa HAarHo3 M JIeUeHHe, JOAKHEI OBITh HAlleKHO BaJITHPOBAHEI.

2) KinHH4Ye cKOe BHeApeHHe: Bpaul H peryIATOPHEIE OPraHEl (HAIpHMED,
FDA) momxHBI ORITE YBEPEHEI B CTAOIUIBHOCTH H IIPeICKa3yeMOCTH PaboTEI
anropHTMa. 3) HayuHenl rmporpecc: I103BOIAET APYTHM HCCIeTOBaTEIIM
CTPOHTH PadoTy Ha IMPOBEPEHHBIX Pe3ylbTarax, a He ITOBTOPATh OIIHOKH.
4) Bergeiuenme bias (cMerreHin): ITomMoraeT oOHapyKHTh CKPHITEIE
ITPOOIEMEI B TAHHEBIX IIH MeTOaxX. JloCTHTaeTCsd Yepe3 TIIATEIbHOE
ITOKYMEHTHPOBAHHE KOIA, JaHHBIX, OKPYKEHI (HAIIPHMED, C
HCITOJb30BaHHeM Docker) H IIpOTOKOIIOB 3KCIIEPHMEHTOB.

ITK-11.2

CHT}"HI_[HDHHLIE 344 110 TSMCE!

No
n/n

Jaganue

IIpoBepsiembIe
HJIK

3agaua 1: BaMm npegoctaeiin Habop DICOM -¢aiinor K T-mccie qopaHig
OpIOILHOI ITOMOCTH. ITPH OTKPEITHH B CTAHAAPTHOM ITPOCMOTPIIHEKE
n300pakeHHe BRITIIAMHUT CIIIIIKOM TEMHBIM, JETATH HePa3IHUMMBI. Barrnt
OEHCTBHA 110 IIEPBHYHOMY AHAITH3Y H HACTPOIKE BH3IYAII3AIII?

ODTaloH: 1) AHATH3 MeTAJaHHEIX: VICIIONB3YIO pydicom JUIT UTEHH A
3aroiioBka DICOM -ghaiina. iy Tern, cBs3aHHEIEe C

BH3yam3aresi: (0028,1050) Window Center (WC) u (0028,1051) Window
Width (WW), a taxke (0028,0101) Bits Stored, UTOOB ITOHATH TTyOHHY
TaHHEIX. 2) Bi3yammsaiid ¢ HacTpolikoil: [IocTporo THCTOr pamMmy
3HAUYEHHIT BOKceNeil (B eqHInax XayHciiaa - HU). Ompefenro mHama3oH
3HAUEHIT HHTEPeCYIOIEeil TKaHH (HalmpHMep, meueHs ~ +30...+70 HU).

3) IIpumeHeHHe OKOHHOT O IpeoOpa3oBanna: Hactporo WC Ha cpeHee
3HAUEHIe HHTEPECYIOIEro muana3ona (HampmMep, 50), a WW — Ha
IIMPHHY aHana3zoHa (HampmMep, 100). 5To "pacTaHeT" KOHTPACT B HY/KHOM
nHTepBane HU, caemaR opraH XOpoIo pasIHUHMEIM. ECIIH mapaMeTPEI B
3arOJIOBKE HEKOPPEKTHEI WIH OTCYTCTBYIOT, YCTAHOBIIEO HX SMITHPHYECKH
HAa OCHOBE T'HCTOT PaMMEL.

OIIK-2.1, OIIK-
1.3

3amaua 2: W ccietoBaTelb cKad IPyIdia INIaHHPYeT pa3padoTars alrOpHTM
71 ABTOMATHYECKOTO OOHAPY K EHHA MHKPOAHEBPH3M Ha CHHMKAX ITIa3HOIO
mHa. ChopMyImpyiiTe TeXHIUeCcKoe 3aaaHue (T 3) Ha IepBEIil 3Tall ITPoeKTa,

YK-1.1, VK-1.2
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OIPeeTHR KIFUEBHIE ITYHKTHL.
OtanoH: TexHHYeCcKoe 3aJaHHe Ha 3TAll IUNIAHHPOBAHH H

aHanm3a: 1) [{ems: Pa3padoTaTs IIPOTOTHIT aITOPHTMA 1A aBTOMATHYECKOIT
Je TEKIHH MHKPOAHEeBPH3M Ha IHPPOBEIX (poTOrpadHaX IIIa3HOTO AHA C
I[eJIbE0 CKPHHITHTA JradeTHue CKOM peTHHoIaTHH. 2) T 3agaun: e TeKIpd
O0BEKTOB (MHKPOAHERPH3MEI KaK TOUeUHbIE 00BEKTEI) C BOZMOKHOCTEE)
TIocIe Qyroleil K1accHHKaIH modpaxeHnd. 3) TpeboBaHHd K

TaHHEIM: HeoOxXoaM pa3MeUeHHbOT JaTaceT (YOI YHBIN, HAIIpHMeD,
Messidor wm DIARETDRB1) ¢ bounding boxes Him Toukami IieHTpa
MHKpoaHeBpH3M. TpeOoBaHHA K MIHHIMAIbHOMY 00seMy — He MeHee 500
H300paxkeHIll ¢ pa3MeTKoii. 4) KpurepHn yciexa (MeTPHKH ). {14 Jie TEKI[HIT
— sensitivity (Recall) > 85%, Average Precision (AP) > 75% Ha
He3aBHCHMOIT TeCTOBOIT BRIOOpPKE. 5) OrpaHnyeHHA. AJTOPHTM O KeH
oOpabarsIBaTe OMHO H300paxkeHHe He Oolee ueM 3a 10 ceKyHI Ha
ctaHgapTHOIl GPU. 6) Starsl: AHAIN3 JaHHBIX H ayTMeHTAI I, BEIOOP
apxXUTeKTVPHI (HampuMep, Y OL O umi Faster R-CNN 1111 MeTKHX
00BeKTOR), 00yUeHHe H BAIHAAINL, CO3/JaHHe JleMO-HHTepdeiica Ha
Streamlit.

3amaua 3: Bl 3arpy3mwan DICOM -¢aiin ¢ moMoItpro pydicom.

OOBeKT dataset COIepAKHT JaHHbIe. Kakoil KO ITO3BOIHT ITONYYHTE H
0TOOpPa3UTh OCHORHVIO HH(POPMAITHEO O IIAI[HeHTe H HCCIIEIOBAHHI,
coOIro1ad KOH(H e HITHAIILHOCTE ?

ITanoH: python<br>import pydicom<br>ds =

pyvdicom.dcmread("image.dcm' )<br># BriBoj 00e3m1ueHHOH, HO BaXKHOH 1714
HIEHTH(HKALIHMH He cenoBaHHA HHpopMalHH<br=print("Modality:", ds.Modality) #
e.g., CT, MR<br>print("Study Date:", ds.StudyDate)<br>print("Study
Description:”, ds.StudyDescription)<br>print("Series Description:",
ds.SeriesDescription)<br>print("Image dimensions:", ds.Rows, "x",
ds.Columns)<br=prnt("Bits Stored:", ds.BitsStored)<br># HE BbIBOIIHM ITp AMbIE
HeHTH(HKAaTOpPbI MaLpeHTa: <br># ds. PatientName, ds.PatientID,
ds.PatientBirthDate - qookHBI ObITh VaneHbl HIH 3allH}pp oBaHBI B pabouem
HaOope.<br> 714 BH3yaTH3aI[HH MOKHO

HCIIOIBL30BaTh matplotlib: plt.imshow(ds.pixel_array, cmap='gray’).

OIIK-1.3

3agaua 4: I1pn aHamize Habopa MPT-n300paxeHHil TOIOBHOIO MO3ra B
¢opmate DICOM BEI OOHapyKHBaeTe, UTO (pailIbl He YIIOPALOUEHBI, H HX
CIIOHO coOpaThk B KOppeKTHEII 3D-00beM. [10 KakiM MeTaJaHHbIM
DICOM MOXHO OCVIIECTBHTE ITPABHIFHYIO COPTHPOBKY CpPe30B?

StanoH: /{14 mpaBHIsHOI cOopkH 3D-ToMma H3 cTeka 2D DICOM cpe3oB
HeoOXOHMO HCITOIIB30BATE CIEIVIOLIIe TerH: 1) Series Instance

UID (0020,000E): Y6emuThcs, UTO BCe (pailabl IIPHHALIEAKAT OTHOMN H TOIM
e CEepHH (ITOCIIeJOBATEFHOCTH ) CKaHHpPOBaHHA. 2) Image Position
(Patient) (0020,0032): 3TOT Ter COAepAKNUT KOOPJAHHATHI (X, Y, Z) BEPXHETO
JIEBOTO YIIa cpe3a B MITIIIHMEeTPaX OTHOCHTEILHO CHCTEMEI KOOPIHHAT
nampenTa. COpTHPOBKA CPe30B 110 BO3PACTAHHEO (HIIH YOBIBAHIIO)
KOOPIHHATEI Z ITO3BOJHT BOCCTAHOBHTE HX aHATOMHUECKHI ITOPAIOK.

3) Instance Number (0020,0013): HacTo oTpaxkaeT IIOPAIKOBLII HOMEP cpe3a
B CEpHH, HO MOXKeT OBITh He TOUHBIM HJIH COMTEIM. Image Position

(Patient) ABIAeTCA Oolee HaJeKHBIM H (pYHIaAMeHTATbHBIM IIPH3HAKOM L1
IIPOCTPAHCTBEHHOI COPTHPOBKH.

OIIK-1.3, IIK-
11.2

3amaua 5: BrI aHamm3mnpyetTe rucrorpammy K T-m300pakeHa TPy IHOI
KiIeTKH. OOBACHHTE, KaK Ha THCTOrpaMMe OYAYT paclipe JelleHb]l THKCEIH,
COOTBETCTBVIOIIIE BO3AYXY B IeTKHX, MATKIM TKAHIM CPeIOCTEeHHA H

OIIK-2.1
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KOPTHKAIIBHOMY CJIOK KOCTH. OOOCHYIITE C TOUKH 3PEHHA €IIHHI]
XayHchmiamga (HU).

StanoH: Ha ructorpamMe 3HaueHHii B HU OymeT HabmroqaTec A
MHOTOMOJATBHOE paclipegeneHe: 1) Bo3ayx B merkix: byaeT
(hopMIIpOBaThH BRIPAKEHHBOI ITHK B 00IacTH 3HAYEHHI, OI3KHX K - 1000
HU (mmeansHsni Bo3ayx = -1000 HU). 2) Markie TkaHH (cepjiie, CoCYIpl,
MBIIIIIEL): ByayT dopMHpPORATE IIIHPOKII ITMK/TUIATO B THAIIa30He
mmpuMepHO oT -50 mo +100 HU. Boga nmeeT 0 HU, MATKie TKaHH —
Omm3Kie 3HaUeHH. 3 ) KopTHKaIs HBIi (KOMITAKTHELI) CIIOI KOCTH: ByeT
TaBaTh IIK B OOIIACTH BBICOKHX 3HAUYEHHI, ITpiMepHO oT +300 mo +1000+
HU (rybuarasd xocTs ~ +300, KoOMIIaKTHAA KOCTh MOKET JToCcTHraTh > +1000
HU). Taxm o6pa3zomM, THCTOTPaMMA ITO3BOIIHT BH3YAIBHO PAa3delHTh
OCHOBHEIE THITEI TKaHeH Ha K'T.

6

3amaua 6: BaMm HeoOXoamMo BEIOpaTh HHCTPYMEHTEI I IIPOEKTa 10
cerMeHTaI[HH omryxoiueii meueHr Ha K'T. O6ocHyiiTe BEIOOp Python kak
OCHOBHOTO S3BIKA H IIPEJIOKITE CTEK TeXHOIOr il (OHOIIOTEeKH) I

Kax o1 ctammi: o6paborka DICOM, nmoctpoeHue 3D-mgaTacera, o0ydyeHHe
MOJIETH, BH3YATH3AIHI Pe3yIbTaTOB.

StanoH: O6ocHoBaHe BEIOOpa Python: IITHpokad sKOCHCTeMAa HAYYHBIX H
ML-0u0moTeK, akTHBHOE COOOIIECTBO, IPOCTOTA IIPOTOTHITH POBAHHA,
MOJJIepAKa OCHOBHEIMH (ppeilMBOpPKAMI I'TyOOKOIro o0yueHHA. CTeK
TexHonormi: 1) O6padotka DICOM / pabota c

3D: SimplelTK 1 pydicom + NumPy. SimpleITK ITpeIIOUTHTEILHE € ITIA
yI0OHOI 3arpy3KH ceprii B 3D-MacCHB H BCTPOEHHBIX (PYHKI[IIT
oOpabotkm. 2) ITocTpoeHIe gaTaceTa H ayrMeHTaILd: NumPy I
MAHHITYILAIIIL ¢ MACCHBaMH, albumentations WIH torchvision.transforms g
ayrMeHTaIm. 3) O0yueHHe MoferH: @peiiMBopK PyTorch (THOKOCTE,
MHHaMITUe cKie rpadrl) 1w TensorFlow (IIPOH3BOACTBEHHAS CTAOMIIBHOCTE ).
Bubmioreka nnU-Net (€CIIH HCIIOIb30BATh TOTOBOE PEILeHHE ) HITH
camocToATenbHas peam3aid U-Net Ha PyTorch.

4) Busyanmsanua: Matplotlib mig 2D cpe3oB 1

rpaduKoB, itkwidgets IIH Py Vista JId HHTe paKTHBHOH 3D -BH3yaTH3aI[HIH
CETMEHTHPOBAHHEIX 00BEMOB.

YK-1.2, OIIK-
1.3

3amaya 7: Bam nepenanmH Ha0op JAaHHBIX 1A 00yUueHHA MOJIEIH, HO YaCTh
DICOM -¢aiinoB He 3arpykaeTcsa, BOZHHKAET OIMOKa. OIIOIITE IUIaH
AeFICTBHIL 110 I arHOCTHKE H PEIeHHIO IIPOOIeMEL.

JtanoH: I1maH guarHocTHKH: 1) IIpoBepka 1eToCTHOCTH

(paitior: YOemuThCA, UTO (paiIkl He IOBPEKIEHEI ITPH IlepeTade
(TIpoBepHTE pa3Mepsl). 2) UteHne 6e3 o0paboTKH

TKcene: Mcmoms3oBars pydicom.demread(..., force=True) o4
HTHOPHPOBAHHA OIMHOOK B JAHHEBIX ITHKCENIEH H CHayala IIPOaHaIH3HPOBATh
3ar0JI0BOK. 3) AHamn3 oimOKH: TeKCT OIMMOKH YKaKeT Ha ITpodaeMy
(HEKOPPEKTHBII TeT, OTCYTICTBYIOIIUIT 00A3aTeIbHbIT 3JIe MEHT,
HecTaHAapTHAd KOTHpoRKa). 4) ITpoBepka CIIeI(HKH JAaHHBIX: B 03MOKHO,
(paitel cxaTe (HampnMep, JPEG Lossless) — Torga nmorpedyercs
YCTaHOBKA JOIIOMHHTEIRHBIX KOJIeKOoR DICOM mnn

HCIIOIBL 30BaHHE pydicom ¢ moaaepxKoiH GDCM. 5) IToHCK 110

UID: ITporepuTs SOP Class UID, UTOGH TTOHATEH THII 0O0BEKTa
(300paxeHne, KpHBad H T.1.). 6) Hcons30BaHHe albTepHATHBHEIX
HHCTPYMeHTOR: IlorpoOoBaTs 3arpy3uTh (Al ¢

roMoIIp0 SimpleITK.Readlmage() — OH yacTO O0lIee YCTOITUHB K
HeCTAaHAAPTHBIM JaHHBIM. E ¢l aiibl IIPHHIIIMHAIBHO OHTEHIE,

YK-1.1, OIIK-
1.3
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HeOoOXO/IMO 3aIPOCHTH ITOBTOPHVIO BEITPY3KY AAHHBIX Y HCTOUHHKA.

3amaua 8: Kak ¢ momorpo NumPy mpeoGpa3oBarts 1BeTHOe RGB-
n300paxkeHIe, 3arpyxeHHoe 13 (paiiia, B ITOTYTOHOBOE (grayscale)?
ObocHyiiTe popmyIry mmpeoOpa3oBaHIA H €€ BIILAHIE HA TIOCI e Y OIIHIT
aHAaIIH3 Me THIIHCKHX JTaHHBIX.

OtanoH: [Ipeobpazoranme: Hanbomnee pacipocTpaneHHasd popmyina Jid
MONYYEHH I APKOCTH (luma) yunThIBaeT Pa3THUHy UYBCTBHTEIBHOCTh
YeJIOBEUEeCKOI'0 I'ma3a K IBeTaM: grayscale = 0.299 * R + 0.587 * G + 0.114 * B.
B NumPy g n3o6paxeHnd rgb_img gopmer (H, W, 3): gray_img =
np.dot(rgb_img]...,:3], [0.299, 0.587, 0.114]). OGoCHOBaHIE LT

MeJIIHHEL: MHOTIHE alrOPHTMEI aHAIH3a (CerMeHTAL[A, KIacCH(HKAIA)
paboTaroT ¢ OHOKAHATLHEIMH H300paxeHaMi. [IpeoOpa3oranme B
grayscale: 1) YMeHBIIae T BEIUHCIHTEIRH VIO CIIOKHOCTE B 3 paza. 2) YacTto
ABIIAETCA JOCTATOUHBIM, TaK KAaK 3HAUMMAA JHATHOCTHUYECKAd HH(OpMAIHA
B MHOTHX MoJambHOCTAX (peHTreH, KT, MPT B T1-B3BeIlleHHOM peKIMe)
3AKIFOUYEHA B APKOCTHOM KOHTPACTE, a He B IiBeTe. OTHAKO I HEKOTOPEIX
CIEIH(PIYECKHX JAHHBIX (HAIIPHMeE], IIaTOI0rO-THCTOIOT HUECKHE
OKpalreHHsIe cpe3bl H&E) BeT MOKeT OBITh KPHTHUECKH BaKeH, H TOT a
HCIIOIB3YIOTCA BCE KAHANEBL IWIH IIpe00pa3oBRaHie B IPYTHE I[BETOBEIE
nmpocTpancTBa (HSV, Lab).

ITK-11.2

3amaua 9: [1pn aHami3e myommuHoro garaceta ¢ MPT-m300pake HILIMH BEI
OOHaApyAKHBAETe, UTO 3HAUEHHI HHTEHCHBHOCTH IIHKCEIeH BapbHPYIOTCA OT
-2000 mo +15000 yCITOBHBIX €IHHII[, B TO BpeMA KaK OKHIAEMBII
THHAMHYe CKHIT JHana3oH mid Br3yamm3an — (0-255. Kakue gea
KIIFOUEBBIX IITara Ipe oo padboTKH He 00X0HMO BEIIOIMHHTE IEPe]
BH3YyaIH3aI[el H aHATH30M?

StanoH: HeoOX0MMO BRIIIOMTHHTE HOPMATH3AI[HI0 (MacIITabOHpOBaHHE)
3HAUYEHHII HHTEHCHBHOCTH. 1) BHHCOpH3a1d i o0pe3ka

(Clipping): OrmpeelInTs 3HAUHMBII JHAana30H HHTeHCHBHOCTEI,
COOTBETCTBVIOIIINT TKAHAM (HaIpHMep, IO IePIeHTIIAM 1% H 99%). Bee
3HAUYEHN HIJKE HIKHEH T'PaHIIBL IIPHPABHATE K Hell, BEIIIIE BePXHEH — K
Heil. OTO yIaTHT BEIOPOCH (apTedaKThl, IITyM) KOTOPEIE " CAHMAROT"
TIOJIE€3HBIH CHTHAT Ha THcTorpammMe. 2) Macirradbmnporante (Min-Max
Scaling) mo mamazoHa [0, 1] mwrm [0, 255]: ITocne oGpe3KH IIPHMEHHTE
dopmyny: [_norm = (I - I_min) / (I_max - I_min). 3TO IIpHBEJIET JTaHHEIE K
CTAaHJAPTHOMY JHAIIa30HY, UTO HeOOXOIHMO 1A KOPPEKTHOMH padoTh
OOJB I HCTBA AT OPHTMOB MAIIIHHOTO O0YVUYeHHA H I BH3YATH3AL[HH.

OIIK-1.3, 1IK-
11.2

10

3agaua 10: ITpoekT 1o pa3paboTKe auropHTMA LA THATHOCTHEKH MellaHOMEBI
I10 JIepMATOCKOITHYECKIM H300pake HILIM 3aBePIIIIIC CO3AHIEM MOJIEIIH C
TOUHOCTBIO (Accuracy) 95% Ha TecToROIi BEIOOpKe. OIHAKO KIHHHITHCTEI
OTKA3BIBAIOTCA €€ HCIIONB30BaTh, CCRLIIAACEH HA "UePHBOT AIIHK". Kakme
OEeTICTBIA H apT'YMEHTEI BBl MOJKETE IIPe [NIOKHTE, UTOOHI IIOBEICHTE JTOBEPHE
K cHCTeME?

OtanoH: 1) BHegpenne metomoR Explainable AI (XAI): IToka3ars Bpauyam
He TOIBKO OTBET "MelTaHoMA", HO H BH3YalbHOe 00bACHEHHE — HaIlPHMED,
KapThl akTHBAIHH Grad-CAM, KOTOpEIe BEIJEIAI0T 00IacTH H300paKeHHA
(TLOMO3PHTENL HbIE IIMTMEHTHEIE CETH, aCHMMETPHYHEIE CTPYKTYPHI),
HanOolIee IMOBIIABIIIE HA PellleHHe MOJIETIH. DTO JelaeT pelleHHe

Al OPHTMa HHTePIIpe THpyeMbIM. 2) ITpe JocTaBIeHIEe JOIMOIHHTEIbHEIX
MeTPHK: TOUHOCTh MOKET BRBOJHTE B 3a0IyKIeHIE Ha
HecOATaHCHPOBAHHBIX MaHHBIX. [Ipe1oc TaRHTE KIMHHYECKH 3HAUHMEIE

YK-1.1, TIK-8.2
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MeTpHKH: Sensitivity (Recall) — cimocoOHOCTE He ITPOITYCTHTE

Oome3us, Specificity — cIIocOOHOCTE IIPABRHIIEHO HIEHTH(HIPORATh
3M0poBEIX, AUC-ROC. 3) KinmHirue cKie HCIBITaHHA: OpraHH30BaTh
IIPOCIIEKTHRHOE HCCIIEI0BAaHHe, Ie allr OpHTM padboTaeT "BCIEIVIO"
IaparIebHO ¢ BpayaMi, H CPAaBHHUTh HX 3()PeKTHBHOCTS.

4) JJokyMeHTHpPORAHHE OrpaHHUEHHI: YeTKO yKa3aTh, Ha KaKHX THIIaX
n300paxkeHIdl (pa3pelleHe, THII JepMAaTOCKOIIa) MOJIENIs BAaH IHPOBAHA, a
T7le ee IIPHMEHEHHE He PEKOMEHYeTCA.

3aJaHHs 1719 CaMOCTOSTEIbHOHN PadoTEI

3amaya 1: BaM He 00XOMHMO IIPOYHTATh H BH3YATH3HPOBATH OMIH cpe3 3 DICOM -
(paitna ct_scan_001.dcm, a TaKKe IIOCTPOHTE ero FHCTorpaMmy. HarmiimTe Kojl Ha
Python ¢ ncromas3oBanneM pydicom H matplotlib i OOBACHHTE, UTO ITOKA3EIBAET
THCTOT paMMa.

IT1anoH: python<br>import pydicom<br>import matplotlib.pyplot as plt<br>import numpy
as np<br># UreHHe (aiina<br>ds = pydicom.dcmread("ct scan_001.dcm")<br>mmage =
ds.pixel_array<br>#

Bimzyamauua<br>plt.figure(figsize=(12,5))<br>plt. subplot(1,2,1)<br>plt.imshow(image,

1 cmap="gray )<br>plt.title('DICOM Slice’)<br>plt.axis('ofl")<br># IK-11.2
I'ncrorpavma<br>plt.subplot(1,2,2)<br>plt hist(image.ravel(), bins=256, color='gray’,
alpha=0.7)<br>plt.atle("Histogram of Pixel Intensities’)<br>plt.xlabel('Pixel Value (HU if
scaled)’)<br>plt.ylabel('Frequency')<br>plt.tight_layout()<br>plt.show()<br> OOBACHEHIIE
THCTOTpaMMEL: | HCTOrpaMMa ITOKA3EIBaeT PaclpeleIeHIe KOIIMUEeCTRA IHKCEIeH
110 UX 3HAUEHH M HHTEHCHBHOCTH. @0OpMa THCTOTPAMMEI ITO3BOJIAET CYIHTE O
KOHTpacTe H300paxeHILd, IIpeodIaJaroINiX THIIaX TKaHeH (IHKH COOTBETCTBYIOT
YaCTO BCTPEYARIIIMCA 3HAUEHIAM, HallpHMep, BO3AYX, MATKHE TKaHH, KOCTh) H
HAIIYHH apTedakToB (JIHHHbEIEe "XBOCTHL").

3amaua 2: ITomyuens! aea Habopa gaHHBIX: A) 1000 KT-m300paxkeHIn] TeTKHX B

¢opmate DICOM c pazmeueHHEIMH MacKkamMi COV ID -mHeBMOoHHH, B ) ITyOmruHbIin

mataceT 13 100 peHTTeHOr paMM I'PyIHOH KIeTKH B popMaTe PNG C TEKCTOBEIM

(paitrom pazMeTKH. OIMIIIHTE IPHHIFIMHATHHBIE PA3IHUHA B IIOATOTOBKE 3THX

ITAHHBIX K OOYVUEHIE0 HEeIIPOHHOIT CETH.

OtanoH: g Habopa A (DICOM, 3D, ects MackH). 1) UTeHHe i

KoHBepTald: HeoOxommo mpounTars cepuro DICOM -cpe3oB I KaxI0To

narHenTa, codpars B 3D-ToM, BO3MOKHO, Itpeodpazorars 3HaueHHs B HU,

HCIIONB3yA MeTagaHHbIe Rescale Slope/Intercept. 2) CoriaacoBaHie ¢

MackamMH: Y OeIHThCA, YTOo MacKH (BeposATHO, B (popmare NIFTI maH IpyroM) TOUHO
o) COBITQAOT IT0 pa3Mepy H OpPHEHTAI[HH C H300pakeHHAMH. YK-1.2,

3) IIpenobpaborka: Hopmamizamid 3HadeHmii HU K cTaHgapTHOMY JHAIIA30HY OINK-1.3

(HarprmMep, oOpe3Ka 1o IMEPLEHTHIIAM H min-max scaling). 4) Co3gaHie

narueil: M3-3a Oomplioro pasmepa 3D-TOMOB, BEPOATHO, ITOTpedyeTcA pa30HeHTe

Ha MeHbIIme 3D-martun (sub-volumes).

g Habopa B (PNG, 2D, TekcTopad pazMeTka): 1) Urenne: IIpocTad 3arpyska

PNG kak 2D maccupa. 2) Co3gaHie MacoK: TeKCTOBYIO pa3MeTKy (HaIlpiMenp,

KoopauHaTHE bounding boxes) Hy & HO mpeobpa3oBars B OHHAPHEIE MACKH HIIH

MAaCCHBEI ¢ Kiraccami. 3) ITpe moGpaborka: IIpuBeaeHie Bcex H300paKeHIO K

eIMHOMY pa3Mepy (resize), HopMaTH3aIHi HHTeHCHBHOCTeH B [0,1].

4) AyrMmenTtamud. IIpimveHentie 2D ayrMeHTAaIIHI (IIOBOPOTEI, OTPaKeHHA,

H3MeHeHH I ApKOCTH). Kimroueroe oTinuiie — pabdota ¢ 2D vs 3D, DICOM vs
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ITPOCTEIC (I]DPMHTI:I, HAIITHYIE TOTOBBLX MACOK Vs HED@KD,HIH\*IDCTL HX CO3aHITA 113
PasMETEIH.

3amauya 3: I1pu mpocmoTpe rHcTOrpaMMel MPT -1300paxkeHIA BEL BHIHTE, UTO BCE
3HAYEHH I CKOHI[EHTPHPOBAHEI B Y3KOM JHAaIla30He (HarmpHuMep, oT 80 mo 120), uro
IellaeT H300pakeHHe HI3KOKOHTPACTHEIM. Kakoil MeTo 1 o0paboTKH H300paKeHILA
MOJKET VIIYUILHTE BH3yaIbHOE BOCIIPIATHE H KaK OH padoraet?

OTtanoH: /g yIyullleHH I KOHTPacTa MOKHO IIPHMEHHTE BEIPABHHBAHHE
rucrorpamMmel (Histogram Equalization). IpruHigin padotsl: MeTo mpeoOpas3yeT
HCXOIHOE H300paKeHIe TaK, UTOOBI THCTOTPaMMa paclipeieleHH A AapKOCcTeil
PE3YIL THPVIOIIETO H300paKeHIA CTala MAKCHMAILHO PAaBHOMEPHOI
(IIpHOIHAEHHON K PABHOMEPHOMY PACIIPeIelIe HIE0 ) Ha BCEeM JHHAMHYECKOM
mHaraszone (Hampumep, 0-255). 3To JAocTHTaeTcd 3a CUeT IIPHMeHEeHH A
HEIIHHEITHOT O ITpeodpa3oBaHid, KOTOpoe "pacTArHBaeT" HAaHOOIee YacThIe

I aIa30Hbl HHTEHCHBHOCTEI. B pe3yiabTare YBeIMUHBAETCA KOHTPACcT B 00IACTAX,
T7e H3HAYAIBHO OH OBLT HH3KHM, H JIeTAIH CTaHOBATCA Oolee 3aMeTHBIMH. 1111
Me JHIHHCKHX H300paKeH IOl YacTO HCIIONb3YIOT aJallTHBHOE BEIPABHHBAHHE
ructorpaMmel (CLAHE - Contrast Limited Adaptive Histogram Equalization),
KOTOPOE OIPAHHUMBAET YCITIEHHE IITyMa, pa3Jiensid H300pakeHHe Ha HeOOIbIIme
PETHOHEI H BEIPABHHBAA THCTOIPAMMY B KaKJIOM H3 HHX OTHEILHO.

OIIK-1.3

3agaua 4: BaMm He 00X0JHMO BRIOpAaTh OCHOBHYEO METPHKY I OI[EHKH alr OPHTMA,
KOTOPEII BEIZIEIAET HeOOBIIHE 110 IUIOIIA/H, HO KIHHIYECKH KPHTHYHbBIE O0IacTH
MeTacTasoB Ha KT meueHn. Accuracy nokasamna 98%. [Iouemy 3Ta MeTpHKA MOKET
OBITE OOMAaHUIBA H KaKyH METPHKY clIedyeT BEIOpaTh B KauecTBe OCHOBHOM?
OtanoH: Accuracy oOMaHYHBA H3-3a CHILHOTO JHcOaTaHca KI1accoB: 00IacTh
METACTa30B MOKET 3aHHMATE MeHee 2% IHKCEIeH Ha cpe3e. AITOPHTM, KOTOPBI
BCerJa Ipejicka3pBaeT (ol ("HeT MeTacTasa'"), IMOIYUYHT accuracy ~98%, Ho OyneT
abcomroTHO Oecrione3eH. OCHOBHBIE METPHKH 1A 3aJJAUH CeMaHTHYEeCKOIT
cerMeHTaIIN MamklX 00sekToB: 1) Dice Similarity Coefficient (Dice Score, F1-
score g ImKceneii): ITpaMo n3MepAeT overlap Mex Iy Ipe IcKa3aHHOM H
HCTHHHOIT MacKoii. YyBCTBHTENbHA K KaUeCTBY BRIJIENEHII caMoro odsekra. 2) loU
(Intersection over Union): AHamornyda Dice, HeMHOro Oollee cTporas.

3) Sensitivity (Recall) mna xmacca "Metactas3": KpHTHUECKH BaxkHa, UTOOBI He
IIPOITYCTHTH HH OHOTO ITopaxkeHNd. MOKHO JOIOIHHTE Precision, UToOk
KOHTPOIHPOBATh KOIHUECTBO IOKHBIX cpabaThBaHmil. B oTueTe HEOOXOIHMO
VKa3EIBaTh 3TH METPHKH IO KJIaccy "MeTacTas", a He YCpeHEeHHEIE 10 BCEMY
H300paKeHIIO.

3amaya 5: BEI cOo3qalld IIPOTOTHIT alT OPHTMA KI1acCH(HK AT

e PMaTOCKOIMHYeCKHX H300paxeHIl. Kakoil IIpocToil HHCTPYMEHT MOKHO
HCIIONB30BaTh IA ORICTPOTO CO3MaHHA BeO-HTep(eiica, rae Bpad MOT ObI
3arPY3HTh H300paKeHHe H ITONYUHTh Pe3YyilbTaT KIacCH(HKAIHI, He HMesd
HABBIKOB IPOrPaMMHPOBAHH A? OTHIIINTE KOHIIETII[HEO.

OtanoH: Hears HbIM HHCTPYMEHTOM 1A OBICTPOTO IPOTOTHIN POBAHIA BeO-
HHTepdeiica aBgeTca Streamlit. KoHtermd peanm3auu: 1) Harmicats CKpHIIT Ha
Python, KOTOPBIT COJIe PAHT JIOTHKY 3ar Py3KH ITpe1o0yUeHHOI MOIEIH (HAIIPHMED,
PyTorch mwm TensorFlow). 2) Mcmnons3ya Streamlit API, co3gars

HHTepdeiic: st.file_uploader I 3arpy3KH H300paK eHILA

IIOJIb30BaTeNeM, st.button 1A 3aIlyCcKa aHAIH3a. 3) [IpH HaKATHH KHOIIKH:
H300paKeHI e IIPOXOIHT TV Ke IIpeo0paboTKy, UTO H IIPH 00VUeHHH (Tesize,
HOPMAaIH3aIfd), IT0JaeTCa Ha MoJels. 4) Pe3yinsTaT (K1acc H BepOATHOCTS )
BBIBOJUTCSA C TIOMOIIBIO st.write. JIOTIOMHHTEL HO MOKHO BBIBE CTH H300paKeHHE C
HaloKeHHOI Kaproil akTHBaim Grad-CAM, HCIIOIB3Y4 st.image. 5) 3aIlycK:

ITK-8.2,
YK-1.2
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nHTepdelic 3amyckaeTcs OJTHOI KOMAH IO streamlit run app.py H OTKPEIBAETCA B
Opay3epe. 3TO ITO3BOIAET CO3/IaTh Pa0OTArIIHIT leMOo-HHTepdelic 3a HeCKOIBKO
YACOB.

6

Borpoc 1: KakoBsl OCHOBHEIE IIPeHMYVIIlecTBa H HeqocTaTKH opmara NIfTI 1o
CpaBHeHHI0 ¢ HabopoM oTienbHEIX DICOM -haitnor mid XxpaHeHHd 3D -ToMOB?
OtanoH: [Ipemvyinectea NIfTI: 1) OmuH ¢paiin Ha TOM — IIPOCTOTA VIIPABIEHHA H
nepegaun. 2) CTaHIapTH3MPOBAHHAL H IIPOCTAL OPHEHTAIA H300paKeHILT B
IIPOCTPAHCTRE (3arOJIOBOK COAEPAUT affine-Marpmiry). 3) SddekTHRHOE CKaTHE
(ocoGeHHO .mi1.gZ). 4) IIIHPOKO IMPHHAT B HAYYHOM COOOIIECTBE I
Heliporm3vam3anuu. Hegoctarkn NIfTI: 1) IToteps GombImeii yacTH GoraThIxX
KINMHIUecKHX MeTaZaHHEIX D ICOM (mHd@opMallig o malHeHTe, ITapaMeTPhl
CKaHHPOBAHHA), KOTOPhIe MOT'YT OBITh KPHTHYHEI 1A BOCIIPOH3BOIHMOCTH H
aHam3a. 2) He gBugeTcs IIpAMBIM CTAaHZAPTOM LA OOMEHA C KIIHHIYECKHM
obopymoranieMm (PACS).

OIIK-1.3

Bompoc 2: Yto Takoe PACS H KaKkoBa €ro pois B S5KOCHCTEME MeJHIHHC KO
BH3YaITH3aI[HH?

StanoH: PACS (Picture Archiving and Communication System) — 3T0

Me [ IHHCKAA HHPOPMAILFIOHHAA CHCTeMA, IIpeJHA3HAUYEHHAA LA IO yue HILA,
XpaHeHHd, pacipeeneHd H 0TOoOpaKeHI I MeTHI[THHCKH X

n3o0paxeHHil. Pois: 1) [{eHTpamizoRaHHOe XPaHHIIMILE: 3aMeHIeT INIEHOUHEIE
ApPXIBEL, XpaH4 IH(POREIe H300paKeHHA (TTpenMyIecTBeHHO B DICOM) ¢

IOJIT OCPOYHEIM AOCTYIIOM. 2) CeTeBoil oOMeH: ObecIeunBaeT Iepeaady
H300paxKeHHil Mex Ty MogansHOCTAMH (KT, MPT), pabourvit cTaHIIAMI Bpayeil i
IpyrHMH cHcTeMaMH (HampuMep, RIS — Radiology Information System).

3) UuTerpamis ¢ padourm ImpoIeccoM: B paur IIpoCMAaTpHBAOT H HHTEPIIPETHPYIOT
HCCIIEJOBAHH HA CIIEIHAIH3MPOBAHHBIX PA00UHX CTAHINIAX, IIOIKITHUYeHHBIX K
PACS. 4) OcHOBa L1 TeJTeMe JHIHHLL H YAATIeHHOT O JOCTYIIA.

YK-1.2

Bormpoc 3: Kakie oCHOBHEIE I[BETOREIE IIPOCTPAHCTBA HCIIOIB3VIOTCA IIPH paboTe
H300pakeHHAMH H 1A KaKHX I[e1eii?

StanoH: 1) RGB (Red, Green, Blue): HatneHOe 14 TICILIEEB, I POBEIX KaMED.
Tpu xaHamna, cMelnBaeMele agIHTHRHO. 2) Grayscale: O HOKaHATBEHOE
IIpeCcTaBlIeHHe HHTeHCHBHOCTH APKOCTH. OCHOBHOE I OOIBIIIMHCTBA

Me THIMHCKHX MoaansHocTell (pertred, KT, MPT). 3) HSV/HSL (Hue, Saturation,
Value/Lightness): bollee HHTYHTHBHOe I YelToBeKa. [1ome3Ho g cerMeHTaIHH
II0 I[BeTY (HaIlpHMep, Ha THCTOIOTHUYECKHX Cpe3ax), Tak KaK OT/IeIaeT
HH(pOopMaIH O I[BeToBOM ToHe (Hue) oT aprocti. 4) YCbCr: Hcromb3yeTcs B
BHMIe0- H JPEG-cxaTmi. Y — kaHan apkocTH (Luma), Cb n Cr —
I[BeTOPa3zHOCTHEIE KaHATEI (Chroma).

OIIK-1.3

Bormpoc 4: B ueM pazmiia Mex [y lossless (6e3 moTeps ) H 10ssy (¢ IToTep M)
cxaTHeM H300pakeH ii? IIpuBe A Te IIPHMEPHI HX HCIIOIB30BAHHA B Me THIIH CKOM
KOHTEKCTE.

StanoH: Lossless-cxarne (6e3 rmoreps): AnropurMel (HanpuMmep, RLE, LZW,
DEFLATE B PNG/GZIP) 1T0o3BOIAI0T BOCCTAHOBHTE HCXOJIHEIE JAHHEIE IHIKCETE B
IHKCeNh . H cItoms 30Bane: APXHBHPOBAHIE HCXOIHBIX Me JIHIHHCKHX
H300paKeHHil I HCCIeJOBAHINT, FOPHIHUECKOE XPaHEHIE, CKaTHe

CerMe HTHPOBAHHBIX MAcoOK. Lossy-cxKaTHe (C IIOTepAaMH): AITOPHTMEIL (HAITpHMED,
JPEG) oTOpackBar0T YacTs HH(OPMAIHMH (OOBIUHO BEICOKOYACTOTHYE), MEHEE
3aMETHYIO 1A I71a3a) I JOCTHAEHHA BRICOKOMH CTEITeHH CAKaTHA.
BoccranoBiaeHne HeTOUHOE. M crionb3oBanie: [Iepemada m300paxk e Il i
TeJIEKOHCYIIb TAIlMIT 110 MeJIEeHHEIM KaHalaM, CO3IaHHe

YK-1.1
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IIpeIIpoCcMOTPOR. BakHo: {114 ITepBHYHON JHATHOCTHKH H Al OPHTMHUYECKOTO
aHaJM3a PeKOMEH/IYeTC A HCIIOIIL30BATh TaHHbIe Oe3 lossy-cKaTHd, TaK Kak
apTedaKTrl cKaTHA (HarpimMep, OMouHocTs B JPEG) MOTYT HCKa3HTh KApTHHY H
IOBIIATE HA paboTy MOJEIL.

Borpoc 5: OmmmimTe IIpoIfecc HaCTPOITKH BHPTYAIBHOI 0 OKPYKeHIA (virtual
environment) g mpoekTa Ha Python mo aHami3y MeIHIIHHCKHX H300pak eHIml.
3aueM 3T0O HeOOX0HMO?

StanoH: IIporecc (mpuMep mid venv): 1) B TepMitHaIe B THPEKTOPHIT

mpoekTa: python -m venv med_ai_env. 2) AKTHBaIMA OKPYKEHHI Ha

Windows med_ai_env\Scripts\activate, Ha Linux/Mac source med_ai_env/bin/activate.

3) YcTaHOBKA ITaKETOB B H30JIHPOBAHHOE OKPYVIKEHHE: pip install numpy pydicom
10 opencv-python matplotlib jupyter scikit-learn torch [IK-8.2

torchvision. HeoOxomuMocTs: 1) HM30mid 3aBHCHMOCTel: Pa3HbIe IPOeKTH MOTYT
TpeOOBaTh pa3HEIE, BO3MOKHO, KOHQIHKTYIOIIHE BePCHH OHOIHOTEK.

2) Bocrpon3BomiMocTh: OHKCAIHA BePCHIT ITaKeToR (pip freeze > requirements.xt)
II03BOJIIET Pa3BEPHYTh HAEHTHUHOE OKPYAEHIE Ha APYTOil MaIlHe, YTO KPHTHUHO
VI BOCIIPOH3BEIEHH Pe3yIbTaTOB HCcledoBaH A 3) HmncroTa

cucTeMsl. ITpeqoTBpariaer "3arpmueHme” rioodansHoro Python-okpy & eHis
CHCTEMBEI.

Tema 2 «[IpegoOGpaboTKa H YIIyUIlleHHe MeTHIHHCKIX H300pak e Iy

[TpoBepsiembie komrteTeHIIMH H MJIK (koxel), (hopMEpyeMBbIe IIPH H3YYeHHH TeMBI: TIepeYeHb
YK-1.1 YK-1.2 OIIK-1.3 OIIK-2.1 TIK-8.2 IIK-11.2

KGHTPGJ]LI{BIE BOITPOCEI ITO TCMC.

No Y R IIpoBepsiemMmble
n/m o HIK

Bormpoc 1: KakOBEI OCHOBHEIE I[€TH IIPHMEHEHH I IIPOCTPAHCTREHHOH
(pIIIB TPALMH K MeIIIHHCKIM H300paxkeHsaM? Ha3z0BHTe 110 ABa IIpHMepa
CIIIAKHBAOIIHX H KOHTPACTHPYIOIIHX (DHIBTPOR.

OTanoH: OCHOBHEIE IETH: 1) YIIyullleHHe KauecTBa

n300paxeHnd: IlogasneHe nrymMa o apreaxToR (CriiaiHBaIOLIHE
()HIIBTPEI), TIOBBIIIEHHE PE3KOCTH H ITOJUePKHBAHHE IeTaleil

l (KOHTpacTHpVrOIHe QIILTPEL). 2) [IoAroToBKa I JalbHEHIIIET O OIIK-1.3
aHaIM3a: YIyulleHie H300paKeH A I ITOCTIe QY FOIIMIX 3TAlOB, TAKHX KakK
CerMeHTaIlHd HIH Jie TEKIIA (HAIIPHMED, BEIZIeTIeHHe

rpanu). [Ipmvepsr: Criaxnearonie: I'ayccoB QuibTp (JOITHEIHEDT),
MemHaHHBOT QIUE TP (HeTHHeHENT). KoHTpacTHpYOINHe (14 BEIIeIeHHA
rpanmil): @mneTp Codens (omeparop rpaauenTta), Jlarmmacuan I'aycca (LoG,
BTOPOI IIPOM3BOJTHOI).

Bompoc 2: B ueM IPHHIHITHATEHOE OTIHYNE THHEITHBIX H HETHHE ITHBIX
(HsTpoB? B Kakoil CHTYaIH I IogarileHHd IryMa Ha K T-mn300paxeHim
IIPeIIIOUTHTENbHEE HCIIONb30BaTh MeTHAHHENT (PHIBTP BMecTo I'ayccora?

2 OtanmoH: OTiorune: JImHelHEIe (QIUBTPEL (['ayccoB, Vepe THAROIIIIIT) OLIK-1.3, OLIK-
OCYILECTBIIAIOT IIpeo0pa3oBaHNe, OCHOBAHHOE Ha JIMHEHHOI OIepaIfi 2.1

CcBepTKH. OHH 3()PeKTHBHEI IIPOTHB TayCCOBA aJTHTHBHOTO IIIyMa, HO MOT'YT
pa3MBIBaTh TpaHuIlbl. HemmHeitHbie (U TPl (MeJHaHHBII,
OIUIaTepalbHbII) HCIIOMH3YVIOT HEIHH EITHEIE OITe PAIfHH HaJl 3Haue HIIMH
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ITHKCeIell B OKPECTHOCTH (HAIIpHMED, BEIOOP Me MHaHEI). OHH ITYUIIIe
COXPaHAIOT pe3KHe rpaHuIlpl (Kpad). [IpeamoureHne MeHAaHHOTO

¢umsTpa: Ero ciaeayeT HCIIonb30BaTh MIA MTOJABIE HILI HMITYIIE CHOTO IITyMa
(1rryMa "conb-Tepelr” ), KOTOPRII MoKeT BO3HHKATh Ha KT m3-3a cOboes B
neTeKTopax IIH apTedaKToB OT MeTalia. ['ayccoB (PIUIETP pazMakeT TakK Ol
IITYM II0 COCEHHM TIHKCEIAM, VXVIIIIE H300paKeHHe, a Me THAHHBII

3¢ (eKTHRHO YIAIHT BEIOPOCHI, COXPAHHB I DAHHIIEL.

Bormpoc 3: Oroiinre ITpHHIHIT paboThI OHnareparbHOro QIikTpa. YeM oH
BEITOJTHO OTIIHYAETCA OT IIPOocTOro ['ayccora criaxHBaHHA?

OtanoH: [1puHIpT padoTel: bimaTeparsHeOT (DIIIBTP ABIAETCA HETHHEITHEIM
H VUHTEIBAET JBa IpocTpaHcTRa: 1) [IpocTpaHcTBeHHAL Oam30cTh (Gaussian
domain filter): Bec mixceid yOrIBaeT ¢ YBeIITUEHHEM PACCTOAHHA OT
I[EHTPAILHOr O IMHKCeId (Kak B I'ayccoroM (pHIETpe). 2) @oToMe TPHUECKOE
cxoacTBo (Gaussian range filter): Bec mikcers yObIBaeT C yBeIHUEHHEM
PA3HHUIBI B HHTEHCHBHOCTH (IPKOCTH) MEK Y HHM H IIeHTPAIbHBIM
nukceneM. [l penMyInecTBo: baarogaps ydeTy pasHIIEL B HHTEHCHBHOCTAX,
(GHIBTP 3PPeKTHBHO CIIaKHBAET OJHOPOIHBIE 00TACTH (ITOJABILAL IITYM),
HO COXpaHAeT Pe3KHe T PaHHIEI (Kpasd) MeK Ty o0IacTAMI ¢ Pa3HOoIl
APKOCTBI0, TAaK KaK ITHKCEIH 110 Pa3HbIe CTOPOHBI I'PAHIIILI HMEF T MalbIil
BEC M3-3a OOIBIIION PA3HHIEI B HHTEH CHBHOCTH.

OIIK-1.3

Bompoc 4: Kakora ocHOBHAA Hled YaCTOTHOI (DIUIb TPaIiHH H300paKeHIt?
YTo ImpeACTAaBIAR0T COOOH HH3KOUACTOTHBIE H BHICOKOUACTOTHEBIE
COCTABIIAIOILHE H300paKeHHT?

OtanoH: OcHoBHAA Hjed: JIrodoe m300paKeHHe MOKHO IIPEICTABHTh Kak
CYMMY CHHYCOHJAThHBIX BOIH PAa3HOH YaCTOTHI, aMIUTHTY B H (pa3sI (C
IIOMOIIBI0 ITpeoOpa3zoraHnd Oyphe). YacTOTHASL (PIIIBTPAIRLA IIpe MIoIaraeT
paboTy ¢ 3THMH YaCTOTHBIMH KOMIIOHEHTAMIL: OCIIa0lIeHHe HIIH VCHIEHIH e
OIIpeJIeNIEHHBIX YAaCcTOT I JOCTHAEHI I KEeIaeMOro

s3¢ddexra. HH3KOUACTOTHEIE COCTABIAROINIE. OTBEUArOT 3a IUIABHEIE
H3MEHEHIA APKOCTH, OOIIyr0 (popMy 0O0BEKTOR, OTHOPOIHBIE 00IACTH
((poH). COOTBETCTBYIOT KPVIIHEIM JeTalsaM. BEICOKOUACTOTHEIE
COCTABILArOIHE: OTBEYAOT 3a Pe3KHe Ieperaapl APKOCTH, MeIKHE JIe Tam,
TeKCTYPHL, KOHTYPHI (TPaHHIBI) OOBEKTOR H IITYM.

OIIK-1.3

Bompoc 5: Jng yero mpuMeHdeTcd apdHHHAL PETHCTPAIN Me THIHHCKHX
n300paxeHnii? Ha30BHTe OCHOBHEIE IIPe00pa3z0BaHUA, KOTOPEIE OHA
BEKJTFOUAET.

StanoH: [ems adGHHHON perHcTpaIii: I eOMeTPIUECKOe COBMEIIEHIIE
IBYX HIH Oolee H300paxeHHil (pedepeHCHOr O H IIOABHAKHOI0) I HX
CPaBHEHIA HIIH COBMECTHOIO aHATH3a. 3TO HeoOXommMo mid: 1) CpaBHeHHA
HCCIIeIOBAHMII OJTHOTO TTAIHEHTA B JHHAMHKE (MOHHTOPHHI OITYXOIH). 2)
CoBMelleHHA H300paxeHHil pa3HbIX MoganbHocTeill (KT u MPT, IIST u
KT). 3) IIpmBeme it n300pake HIn K oOIIIeMY aTiIacy HIIHM IIa0IO0HY A
I'PYIOIOBOrO aHanH3a. OCHOBHEIE a)(pHHHBIE ITpeoOpa3zoBaHn . CIOBHT
(translation), BparreHme (rotation), MacirrabupoBanme (scaling) H CIBHT
(sheaning). 5T mpeodpazoBaHid COXPAHAIOT ITAPATIETbHOCTh TIPAMBIX.

OIIK-2.1, OIIK-
1.3

6

Bompoc 6: Kakne MeTPHKH HCIIOIB3VIOTCA I OI€HKH KauecTBa
pPErHCTpaIHi ABYX H300paxeHHil? [IpHBe ITe IIPHMEPHL.

DTalnoH: MeTpHKH OIEHKH KaueCcTBa perHcTpanrH: 1) MeTpHKH Ha OCHOBE
HHTeHCHBHOCTH: CpeHekBagpaTHueckasd onmoka (MSE), B3amMHadg
nHopmaipg (Mutual Information - MI), ko3 e HT KOppeIaIn

ITK-11.2
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(Cross-Correlation - CC). MI ocobeHHO XOpoIlia I MyJIb THMOAIbHOIT
peructpann (KT-MPT), Tak Kak He ITpe/IionaraeT JTHHEITHON 3aBHCHMOCTH
HHTEHCHBHOCTEMN. 2) MeTPHKH Ha OCHOBE OPHEHTHPOB

(landmarks): CpegHee paccTOAHIHE MeKIY COOTBETCTR VEOIIHMI
AHATOMHUYECKHMH TOUKAMH, pa3MeYeHHBIMH 3KcrepToM (T arget Registration
Error - TRE). 3) CtpykTypHOE cxojcTBO (SSIM): OnieHHBaeT CXOJCTBO I10
APKOCTH, KOHTPACcTYy H CTPYKTYpe. 119 HTOTOBOM OLIE HKH YacTO
HCITOJB3YIOT KOMOHHAI[HEO METPHK H BH3VAIbHYI0 HHCITEKI[HIO
HaIIOKEeHHBIX H300pakeHHIl.

Bormpoc 7: B yeM 3aKmroyaeTcA CIeI[H(HKa ayTMeHTaIHH TaHHEIX (Data
Augmentation) mrsg 3D me guiuHCKHX H300paxeHmi (KT, MPT) o
CpaBHeHIIO ¢ 2D?

OtanoH: Crieruduia 3D -ayrmeHTarui: 1) O0seMHEIE

npeoOpazoraHid: [[OBOPOTEL, CABHTH, MacITaOHPOBAHHE JOIKHEIL
IIPHMEHATECA COTTIACOBAHHO TI0 BCEM TpeM OcAM (X, V, Z) K 1enomy 3D-
TOMY, a He K OTHEIILHBIM Cpe3aM, UTOOEI COXPaHHTh IIPOCTPAHCTBEHHYED
I[EJIOCTHOCTh aHATOMIH. 2) B bIUHCIHTEIbHAL CIIOKHOCTE: Omnepari ¢ 3D-
TeH30paMH TPeOVIOT OOIBIIE ITAMATH M BEIUHCIHTEIFHEIX PECYPCOB.

3) OrpaHnyeHHI Ha HEKOTOPRIEe ITpeoOpazoBanid. Harpimep, He BCe YIIIEL
IIOBOPOTA JOIYCTHMEI H3-3a aHAaTOMITUECKOI KOPPEKTHOCTH ( CHIIbHBIE
ITOBOPOTEI MOTYT IIPHBECTH K HEPEATHCTHUHEIM cpe3aM). 4) AyrMeHTaIA
II0 ocAM: HacTo HCIIOTB3VIOT ayTMEHTAIMEO TOTRKO B aKCHAIBHOM
INIOCKOCTH (BOKPYT OCH Z.), TaK KaK 3TO COOTBETCTBYET €CTECTBEHHOIT
BApHATHBHOCTH ITONIOKEHHA ITalfHenTa. {1 ayrMe HTalIH Iy OHHEI (BI0Ib
OCH Z) TpeOyeTcsa OCTOPOKHOCTD, UTOOB HE HCKA3HTh ITPOITOPIIHI.

YK-1.2, OlIK-
1.3

Bompoc 8: O6pAcHHTE, 3aueM ITpH 00y4eHHH MoJieleil rry0oKoro o0yueH
Ha MeTHITHHCKHX H300pake HILAX IIPHMEHAIOT ayTMEHTAI[HEO C
BEPOATHOCTEEO MeHee 1 (Hampumep, p=0.5)7?

OtanoH: [IpHuMeHeHHe ayTMeHTAIHH C BEPOATHOCTHIO < 1 (CcTOXAcTHYecKasd
ayTMEeHTAIlIA) CTYAKHT HECKOTBKHM 1elsaM: 1) Peryisapuzams: [103BomaeT
MOZEIIH BHIETh KaK OPHIHHANBHEIE, TaK H IIpe 00pa30BaHHbIE JAHHBIE, UTO
IIpeJOoTRpaIaeT repeodyueHne (overfitting) Ha orparmirye HHOM Habope
TaHHEIX. 2) Co3faHne Oonee pasHOOOPA3HOr O NMOTOKA MaHHEIX: Ha Kaxk ol
3T0Xe CeTh BHHT CIerKa pa3Hbleé BAPHAHTEI OJHHX H TeX Ke H300pazK e HHI,
UTO VIYUIMAET €€ CIIOCOOHOCTE K 0000IeHI 0. 3 ) M MIrTanng pearbHbIX
YCIOBHIL: B KIMHHUEeCKOI IIpaKkTHKe H300paxke HIA MOT'YT HMeTh HeOOIbIIHE
Pa3IHUYN A B OPHEHTAI[HH, KOHTPAcTe H T.J. AYTMEHTAI[HA C BEPOATHOCTH IO
IIOMOT'aeT MOJIENIH CTaTh YCTONUHBON K TAKHM BapHalHAM. ECIH IIpHMeHATH
ayTMEHTAIIHE0 Bcerja (p=1), 3T0 MOKeT IIPHBECTH K HeJI0O0yUEeHH 0
(underfitting), Tak Kak CeTh HHKOT/IAa He VBHIUT HCXOTHOE, HEHAPYIIIEHHOE
pacIipe/ielie Hie JTaHHBIX.

YK-1.1, IIK-
11.2

Bormpoc 9: Uto Takoe mpeobpazoBaHie Oyphe 114 H300pakeHI I H Kak
BH3YAIIbHO BRITILAMHT €T0 aMIUTHTYAHBIN CIIEKTP?

OtanoH: IIpeoOpazopanne @ypre 11 H300paKeHII — 3TO
MaTeMaTHyecKasd ollepalrid, KoTopasd IepeBo UT H300paKeHIE H3
IIPOCTPAHCTBEHHOI 00IacTH (KOOPIHHATEH X, V) B YaCTOTHYIO 00IIacTh
(KOOPHHATHI U, V — IIPOCTPAHCTBEHHEIE YAaCTOTH). Pe3yIbTaT —
KOMILUIEKCHAA (QYHKIIL, Cojlep Kalias HHQOPMAIE0 00 aMIUIMTYIe H da3ze
KakJOH YACTOTHOH KOMITOHEHTEI. AMITIHTYTHEL CIIEKTP — 3TO
n300pakeHHe, IIOKA3HIBAIOIIEE BEIIUHHY (MOIIHOCTSD) KAk 0 YaCTOTHOI
KOMITOHEHTHI. BH3yamsHO: 3T0 H300paxeHIE, B I[eHTPe KOTOPOro (HH3KHE

OIIK-1.3
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YACTOTHI) HAXOJIATCA camble ApKHe ITHKCEIN (OCHOBHAA SHEPTHA
n300paxkeHd), a 10 Mepe YIATeHHd OT IeHTPa (BhICOKHE YACTOTHI) APKOCTE
yOBRIBaeT. BepTHKAIbHBIE H TOPH30HTATbHbBIE THHHH HA CIIEKTPe
COOTBETCTBYIOT ITpe 00MaJaroIiM HaIlpaBIeHHAM IPAaHHI[ Ha HCXOTHOM
H300paKeH .

Bompoc 10: Kakie reoMe TpHUecKHe IIpeoOpazoBaHIid JOITYCTHMEI ITPI
ayTMEHTAI[IH PEHTT eHOr paMM IPYIHOM KIeTKH A 3aaul Kiiac CH()HKAI[HH
ITHeBMOHHH ? OOOCHVIITE CBOIH BEIOOP.

STanoH: J{onmyctHmele nmpeodpazoraHnd: 1) HeGombIime ITOBOPOTEL
(HamprMep, £10°) H CIBHTH MOT'YT HMHTHPOBATh He3HAUHTEIEHEIE
H3MEHEHILA IIONIOKEHIA ITalHeHTa. 2) 'OpH30HTATEHOE OTPakKeHIe

(flip) HHOT 1A TOITYCTHMO, HO C OCTOPOKHOCTBIO, TAK KaK aHAaTOMI He
IIOTHOCTHE0 CHMMeETPHUHA (HAIlpHMED, CepAlle clera). 3) I13MeHeHue
APKOCTH/KOHTpacTa (gamina correction, histogram stretching) mms

10 HMHTAI[HH Pa3IHYIbl B SKCIIO3MIHH. [1peoOpa3zoBanis, TpeOyroIHe
OCTOPOKHOCTH HIIM HEOIIYCTHMEIe: 1) KpyImHEIe IIOBOPOTHL (>15-

20°) WIH CHIBHOE MACIITA0HPOBAHHE MOTYT HCKA3HTh AHATOMITUECKHE
ITPOIIOPIMHH H PACIIONOXKEHHE OPTaHOB, CO3/IaB Hepe allHC THUHEIE JAHHEIE.
2) BepTHkansHOe OTpakeHHe — KaTer OpHYeCKH HeJOITYCTHMO, TaK Kak
IIOTHOCTHI0 HAPYIIIAeT aHATOMHUYECKHIT ITOPAZIOK. 3 ) SIacTHUHEIE
nedopmar (elastic transform) MOTyT IIPHMEHATECI OUEHh YMEPEHHO, TaK
KaK HA PeHTreéHe OHH MOT'YT CO3aTh apTe(aKThl, ITIOX0KHE HA ITaTOIOTHH.
Kpurepmii — ayrMeHTHPOBAHHOE H300pakeHHe JOIKHO OCTAaBaThCA
PEHITE€HOIOTHYECKH IIPaB A0II0 JOOHBIM.

OIIK-2.1, YK-
1.1

CHT}”‘EII_[HDI-]HLIE: 3ad4YI 110 TCMCE.

No Y TARe IIpoBepsiembIe
n/n - NIK

3amaua 1: Ha MPT-n300paxeHI TOJTOBHOT O MO3Ta IIPHCYTICTBYET IITYM
THITA "3epHICTOCTE" (TayccoB ITyM). Kakoil JHIBTP H ¢ KaKHMH
IrapaMeTpaMH BbI ObI BEIOPAIH LA er0 II0JaBIeHH A, UTOORI
MITHHMH3HPOBATh Pa3MEBITHE TPAaHII] MK Ty CepPbIM H OeJIbIM BeIlle CTBOM?
OTanoH: /114 MoiaBIeH A ray ccoBa IIfyMa ¢ COXpaHeHHeM I'PaHHI]
OITTHMAIbHEIM BEIOOpOM Oy/IeT OiraTepanbHbn PIUIbTp. ITapamMeTprl
(mpuMepHEIe): 1) d (mHaMeTp OKPECTHOCTH): 5-15 IMHKcelneil (3aBHCHT OT
VPOBHA IIIyMAa H pa3pelie ). 2) sigmaColor (CTaHTapTHOEe OTKIIOHEHTE B
| IIPOCTPAHCTBE HHTEHCHBHOCTEI): BEIOHpaeTCA CON3MEPHMO C OKHAAEMOIT
Pa3HHUIEH B HHTEHCHBHOCTH MEX Y CePBIM H OeIbIM BeIlleCTBOM
(HamprMep, 25-75). bomnsllee 3HaUeHIe TIO3BOIHT CIIIAKHBATh O0Iee pe3KHe
IpaHHIEL. 3) sigmaSpace (CTaHZAPTHOE OTKIOHEHHE B IIPOCTPAHC TBE HHOM
noMmeHe ). BriOmpaerca oTHocHTenbHO d (Hampumep, 5-15). OHIbTp OyaeT
yCpeHATh IIMKCEIH B IIPOCTPAHCTBEHHOH OKPECTHOCTH, HO Bec Oy/eT
I1aJaTh, €CIIH HHTEHCHBHOCTh CHIIBHO OTIIHYAETCH, UTO H COXPAHHT
I'paHHIEI. ATBTEPHATHBOI MOKET OBITh HEeTOKaTbHOE cpemaHee (Non-local
Means), HO oHO TpeOyeT OONbIle BEUHCIHTEIBHEIX PECYPCOB.

OIIK-1.3, OIIK-
2.1

3amaua 2: Ber monyurim KT -m300paxeHe ¢ BEIpaKeHHBIMH apTe(aKTaMi
g OT MeTallUIa (IpKHe IT0JI0CH ). Kakoil moaxo K mpeaodpadoTke (He TOIBKO YK-1.2, OlIK-
()HIIB TPALHA) MOKHO IIPHMEHHTS I YMEHBIIEHH I HX BIHAHHA IIEPe]] 1.3

CErMeHTaI[Hel KOCTHRIX CTPYKTYP?
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OtanoH: [Toaxomsr: 1) CrienHam3HPOBAHHEIE alT OPHTMBI KOPPEKIHIH
apredaxToB oT MeTamna (Metal Artifact Reduction - MAR): MHorne
coBpeMeHHERIE KT -ckaHeprIl HMeOT BCTpOoeHHRIE M AR -aITOPHTMEL,
OCHOBAHHBIE HA HHTE PIIOJLAIHH JAHHBIX B IIPOCTPAHCTRE ITPOEKIIIT (CHIPEIX
TaHHBIX ). ECIIH TaKHe JaHHBIE HEeIOCTYITHBI, MOKHO HCIIOIb30BaTh METOIHL,
paboTaroIie Ha peKOHCTPYHPORAHHOM H300paxkeHHH. 2) HemmHelHas
(b Tpanud: [TpuMeHeHHe MeTHaHHOTO (QIILTPAa MOKET IIOMOUB Y IATHTE
TOHKIIE ITONOCH KaK BEIOPOCEHL. 3) YacToTHAA QIums Tparid [10CKOIBKY
apTedakThl YacTO HMEIOT OIIpe e IeEHHYI0 HAIlPABIE€HHOCTh H YacTOTY,
MOKHO ITOIPOOOBATH HCIIOINh30BaTh HAIIPABIEHHEIE HIIH IIOJIOCOBBIE
peXKeKTOPHEIE (PHIBTPHL B YACTOTHOM o0macTH (rmocie BI1®), urobs1
OCIa0HTh COOTBETCTBVIOIIIE YACTOTHBIE KOMITOHEHTEHI. 4) CerMeH Tl
MeTalIa H HHIIAaHTHHT: CerMeHTHPOBATh caM MeTaIUTHYeCKHIT HMIDTAHT
(HampHMep, ITOPOroBOi 00pabOTKOI), VIAINTE €ro H3 H300paxke HILd I
3aIIONTHUTE 00Pa30BaBIIYOCA 00IACTh 3HAUEHHAMH, HHTEPIIOIH POBAH HBIMH
I3 OKPYAKAOIMHX TKaHeH (Inpainting). 3ateM padoTaTs ¢ "OUIIIeHHBIM"
n300pakeHHEM.

3amada 3: BaM HeoOXO/IIMO 3aperHCTPHPOBATh KOHTPACTHYIO H HATHBHYIO
KT omgHOro M TOr0 Ke IIanieHTa QI OIeHKH JHHAMHKH OITYXOJIH.

1 300paxeHid HME0T HeOOIBINOE Pa3IHUIe B TIOTOKEHHH ITal[HeHTa H
ITBIXaTelbHOI (pa3ze. ONMUIIITE IIArH 11 BEOIOTHEHHA PETHCTPAIHH C
oMol OnbmoTexkH SimplelTK.

OtamoH: [Mlaru: 1) 3arpy3ka m3o0paxeHHil: fixed_image =

sitk. ReadImage("native_ct.ni1"), moving_image =

sitk. ReadImage("contrast_ct.nii"). 2) [IpegsapurensHas oopadboTka: IIpHBecTH
n300pakeHId K OJHOMY IIPOCTPAHCTBEHHOMY Pa3pelleHH0 (IIpH
HeoOXOHMOCTH) H BBOIOTHHTE HOPMATH3AI[HIO HHTEHCHBHOCTeI. 3) BEiOop
METO/A perucTparii: [1ocKkonbKy H300pakeHHd ofHOi MomamsHOCTH (KT),
HCITOTE3VEM METPHKY B3aHMHON KOPPEIAIHH

(MeanSquares) HIII HOPMIPOBAHHOI B3alMHOI Koppemaipm (Mattes MI
LA HaJleKHOCTH). 4) Br1Oop onTHmMIrzatopa: PeryILIpHEIil IIaroBEIil
rpagHeHTHROT cITycK (RegularStepGradientDescentOptimizer). 5) HacTpoiika
TpaHc opMarii: HHmmam3nporaTs adPHHHVEO

TpaHcgopmarnito (sitk. AffineTransform(3) misg 3D). 6) 3a1ryck

peructpanuu: Co3gars 00beKT ImageRegistrationMethod, YCTaHOBHTH
METPHKY, OIITHMI3aTOpP, TPaHC()OPMAIHE0, HHTEPIIOIATOP

(HampHMep, sitk.sitkLinear).

3ammycTHTs registration_method.Execute(fixed_image, moving_image).

7) IlpumeHenne TpaHcopMarii: I1pHMeHITE HalIeHHYEO

TpaHc (GOPMAITHIO K ITOIBHKHOMY H300paKeHHI0: resampled_image =

sitk. Resample(moving_image, fixed_image, transform, sitk.sitkLinear, 0.0,
moving_image.GetPixelID()). 8) OreHka: BH3yalIbHO CpaBHITH
3aperHCTPHPOBAaHHEIE H300paxkeHd, paccuntats M SE o MI.

OIIK-1.3, 1IK-
11.2

3amauda 4: [Ipn aHammze rucTorpaMmel Y 3H -H300pakeHd e UeHH BEI
BH/IHTE, YTO BCE 3HAYEHHI CKOHIIEHTPHPOBAHEI B IEHTPAILHOI Yac TH
mHanazoHa. Kaxoe mpeoOpa3oBaHie MO3BOIHT PACTAHYTh THCTOTPaMMY LA
VIIyUIIEHH A KOHTPACcTa, H B YeM €T0 IOTEHI[HATBHEIN PHCK 11

Me JHITHHCKOT 0 H300pakeHHa?

STanoH: J7I4 pacTsoKeH I THCTOIPaMMEBI IIPHMeHAe TCS IIHHEITHOEe
KOHTPacTHPOBaHI e (KOHTPACTHOe pacTAAKeHHe ) ITo opmyme: [_new =a *
[_old + b, rae Ko3(pPHIEHTH ITOA0MPAOTCA TaK, UTOOR MHHHMATLHOE H
MaKCHMAIIFHOE 3HAYeHI HCXOMHOTO JAHana3oHa [I min, I max]
0TOOPA3IINCEH B HOBBII HAIIa30H, HapumMep, [0, 255]. IToTeHIHAaIb HBLT

OIIK-1.3, OIIK-
2.1
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pucK: JINHelTHOe pacTKeHHE MOKeT OJJHOBPEMEHHO YCHIHTE IITYM,
IIPHCYTCTBYIOIIIGT B H30o0paxeHnn. Ha Y31, rae ypoBReHs IITyMa 4acTo
BEICOK (3€pHHCTAd TEKCTYPa), 3TO MOKET IIPHBECTH K VXV AILIEHIEO
COOTHOIIEHHS CHTHA/IIIYM H 3aTPYIHHTE HHTe pIpeTanzo. Foee
0e30IIacHOIl aTbTePHATHBOH MOKeT ObITh AallTHBHOE BEIPABHIBAHHE
rucrtorpaMmel (CLAHE), xoTopoe padoTaeT TOKaThHO H OTPAaHHUHBAET
YVCIUIeHHE KOHTPAcTa, MHHHMIZHPYS YCHIIEHHE IITYMA.

3amauya 5: Jlna o6yueHna U-Net Ha HeOonsiioMm garacete (50 3D-KT)
CeIrMeHTAIHH Jer’KHX ITPeIOKHTe KOHKPETHBIT IUTaH ayT MeH TAI[HH
TAHHBIX. YKAKHTE THIHI IIPeo0pa3oBaHInl, HX JHAMla30HE H OOOCHYVIITE,
IIOYEMY OHH aHATOMHYECKH JOITY CTHMEL.

OtanoH: I1nan 3D-ayrMeHTaIHH B pearsk HOM BpeMeHH (on-the-

fly): 1) CiyuaiiHbIe IIOBOPOTEI BOKPYT OCH 7. (aKCHAIIbHAA

INIOCKOCTSH ). Jmama3oH £15°. ObocHoeanue: COOTBETCTBYET €CTECTRBEHHBIM
BapHAIHAM IIONOXKEHH IMallHeHTa Ha cTole. 2) CIyJaiHble CIBHIH II0 OCSIM
X uY: o 10% ot pasmepa nm3odpaxkeHnda. ObocHoeanue: J]0IyCTHMO, TaK
KaK JIerkHe OOBIUHO HAXOIATCA B IleHTpe cpesa. 3) CrydaiiHoe
mMacirrradmporanme (3yMm): JIuamazon [0.9, 1.1]. Ob6ocroearie: HeGomsbIime
BapHAI[HH pa3Mepa MOTYT HMHTHPOBATh PA3NTHUIA B TEJIOCIIOKEHIH.

4) CryyailHble H3MeHeHHA SpKOCTI/KOHTpacTa (gamma cotrection): Gamma
B muamnazone [0.8, 1.2]. Obocnoeante: UMHTHPYET pa3HUHA B HACTPOIKAX
CKaHepa H Ao3e o0myueHHA. 5) CiyuaiiHoe JIo0aBlIeHIe rayccora IryMa (C
OUYEHb MATEHBKHUM sigma): ObocHoearuie: T10BBIIIIAET YVCTOIUHBOCTE
MOJIENIH K IITyMy. BaxHo: Bee mpeobpa3oBaHia JOTAKHEI IIPHMEHATHCA
OHOBPEMEHHO H K H300pakeHHI0, H K MACKe CETMeHTAI[HIL.
[IpeoOpazoBaniid BOKPYT oceil X H Y (caruTTalkHas H KOpOHATbHAL
IIOCKOCTH) He MTPHMEHAOTCA IUIH IIPHMeHA TCA MIHHHMAThHO, UTOOBI He
HAPYIIHTh AaHATOMHUECKYI0 KOPPEKTHOCTE CPE30B.

YK-1.2, [IK-8.2
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3amada 6: B yactorHoit obmacTH (1mociae BIT®) monyueH ciexkrp MPT-
n300pakeHNd C ITepHOIHYECKHMH apTed)akTaMH B BHIE APKHX TOUEK,
PACIIONOKEHHBIX HA PABHOM PAacCTOAHHH OT IeHTpa. Kakoii T apredakToB
3TO MOKET YKa3bhIBaTh H KAK €r0 MOAKHO YCTPAHHTE C IIOMOIIBE0 YaCTOTHOI
(pHLITE TparHm?

DTaloH: SIpKHe TOUKH Ha OIpeeIeHHOM PAcCTOAHIH OT I[EHTpa
AMIUTHTYHOTO CIIEKTPa YKa3bIBAIOT HA HATHUHE IEPHOIYECKOTO
(CHHYCOHIATRHOI 0) apTedaKTa B IIPOCTPAHCTBEHHOI 001acTH. YacTo

3TO apTedakThl OT HaBOJOK (RF-mHTep(epeHINA) HIII OT ITYIbC Al
obopymoraHm A (HarmpuMmep, oT ckaHepa SKI'). Ycrpanenue: Heobxommo
IIPHMEHHTE II0JIOCOBOIT peKeKTOpHEI b Tp (notch filter) B uacToTHOIT
obmactu. [{md 3Toro: 1) OmpedeTh TOUHOE PACIIONOKEHHE TOUEK -TIOME X
Ha CIleKTpe (HX CHMMeTpPHUHEIE ITapel). 2) Co3aaTe QIILTP, KOTOPEIL
OOHVIIHT (MM CHIFHO OCIA0HT) 3TH KOHKPETHBIE YaCTOTHBIE KOMITOHEHTEHI.
3) IIpuMeHUTE (PIUIBTP K CIIEKTPY H BBEOTONMHHUTE oOpaTHOE BIID. BaxkHO He
3aTPOHYTH COCETHHE BAKHEIE YACTOTHI, YTOORI HE IOTEPATh AeTaAIH
H300paKeHHA.

OIIK-1.3

3agaua 7: I1pH nommeiTKe 3aperucTpupoBate MPT T1- u T2-B3BellleHHEIE
H300pakeHNd OJHOrO TIAIHEHTA C IIOMOIIBE METPHKH
cpenHeKBagapaTHyecKOH om0k (M SE) anropHT™M He cXomuTca. B ueMm
IIPHYIHA H KaKYI0 METPHKY clie IyeT BEIOpaTs BMecTo M SE?

OtanoH: [Iprmumma: MSE mpemiionaraeT THHEHHYIO 3aBHCHMOCTD
HHTEHCHBHOCTeI Mex Iy m3o0paxermavi. OgHako amd MPT T1 u T2

YK-1.1, OLIK-
1.3
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HHTEHCHBHOCTH OJHON H TOM ke TKAHH B Pa3HBIX IIOCIE IOBATEbHOCTAX He
KOPPEIHPYIOT IHMHEIHO (HalpiIMep, KHIKOCTh TeMHad Ha T1 H dpkad Ha
T2). IlosTomy mumHmMvIRzarsa MSE 6eccMmeicienHa. Pelrterre: Jns
PerHCTpaIHI MYJIb THMOAAILHEIX H300paKe HITI clieQyeT HCIIOIb30BATh
METPHKY, KOTOpasd OIl¢ HHBAET CTATHCTHUECKYEO

3aBHCHMOCTh HHTEHCHBHOCTEI, a He HX pasHIIy. ONTHMATEHEIM BEIOOPOM
ABIIAeTCA B3anMHad nHGopMarma (Mutual Information - MI). MI m3mMepseT,
HACKOJBKO 3HAHHA 00 HHTEHCHBHOCTH B OJTHOM H300paKeHIH YMEHBIIIA0T
HeOoIlpeIeIeHHOCTh O HHTEHCHBHOCTH B ApyroM. OHa MaKCHMalIbHa, KOIaa
n300pakeHNd aHaTOMHUECKH BEIPOBHEHEI, HE3ABHCHMO OT KOHKPETHOIO
COOTHOIIIEHH HHTEHCHBHOCTEIT.

3amaua 8: {14 3aaur Ie TeKI[HH MeIKHX 00pa3oBaHIil Ha MaMMOT paMMax
ITPEIOKEHE] IBA THIIA ayrMeHTaui: A ) CiryuailHele IIOBOPOTHL Ha 90°,
180°, 270°. B) Cry4aiiHsle 3macTHUHEIE JeopMartui (elastic transform).
[IpoaHaII3HUPYIITE TTOTE HIHATBHEIE PHCKH KAk JOT 0 ITOIXO0/A.

OTanmoH: A) PHCKH cIIyUalHEIX IIOBOPOTOB HA KPVITHEIE

yIoisl: 1) HapyllleHHe aHaTOMHYeCKOI opHeHTarHn: MamMmorpadsa meeT
CTAHJAPTHBIE IIPOEKIHH (KpaHHoKaygambHad CC, MeqHomaTepalbHasI Kocasd
MLO). IToropoT Ha 90° mu 270° co3gaeT HeeCTeCTBEHHYIO, He
BCTPEUAIOIIYIOCA B KIIHHIYECKOI IMPAKTHKE IIPOEKIHIO, UTO MOKET COHTE
MOJIENB C TOIKY H YVXVIIIHTE 0O0OIIEeHHE HAa PeallbHBIE TAHHBIE.

2) U3MmeHeHI e ()OPMEI KelIe3HCTOH TKaHH: [ pyas HMeeT oIlpe JelIeHH VIO
dopMy B Kaxk O IIpoeKIfH. [[0OBOPOT MOKET CO3HaTh apTe (JaKTHEIE,
HepeamiCTHYHbIe (JOopMEI. b) PHCKH 371aC THUHEIX

nedopMarnni: 1) MckaxkeHHe MelIKHX oOpa3zoBaHIiil: Mo&keT H3MeHHTh
dopmy, pazMep HWIH TEKCTYPY MHKPOKAIHIHATOR HIIM MATeHBKIX
OITyXOJeil, YTO KPHTHYHO 1A HX oOHapyxeHHA. 2) Co3JaHHe JTOKHBIX
nmaTTepHOB: CHIbHEIE Jle(pOPMAIIH MOTYT CO3JaTh TEKCTYPHI, IIOXOKHE Ha
IIATONIOT HUECKHE (HaIlpHMepP, apXHTeKTYPHbIE HCKAKEHI ), UTO IIPHBEET K
oOyueHHI0 Ha apTedakTax. Beroa: Oba meToma TpeOyIOT KpaiiHe
YMEPEHHOI' 0 H 00/fyMaHHOIO IIpHMeHeHIA. boiee Oe30IMacHEI Malkbie
ITOBOPOTHI (£5-10°) H oUeHb MATKHE 3TacTHUHEIE e OPMAIHI ¢ KOHTPOIIeM
IIapaMeTPOB.

OIIK-2.1, YK-
1.1

3amaua 9. Harmrmre ko Ha Python ¢ ncroms3oBanmeM OpenCV, KOTOPBII
npMeHaeT QIIbTp Colelld K 3arpyKeHHOMY H300paKeHHI0 1A

BRIOCIIEHHA ITOPH30HTAIBRHBIX H BEPTHRKAIBHBIX T'PAHHIT, 4 3dT€M BRIUHCIICT
OOIIyI0 KapTy T'PaHMII.

ITanoH: python<br>import cv2<br>import numpy as np<br># 3arpyska
H300pakeHHA B 0TTeHKax ceporo<br>img = cv2.imread('medical 1mage.png',
cv2Z.IMREAD GRAYSCALE)<br># BeruHciaeHHe rpaJHeHTOB ITo ocAM X H Y ¢
riomoIibio guneTpa Cobdena<br># ksize=3 - pasmep aAxpa (MoxeT ObITE 1, 3, 5,
7)<br>grad_x = cv2.Sobel(ung, cv2.CV_64F, 1, 0, ksize=3) # I'pajpieHT o X
(BepTHKaIbHBIE rpaHHLBI)<br>grad y = cv2.Sobel(img, cv2.CV_64F, 0, 1, ksize=3)
# I'pamuieHT o Y (ropHsoHTaIbHbIe I'paHHLB])<br># IIpeobpa3zoBaHHE B
a0COJIIOTHRIE 3HAUYEHHA H IMPHBEIeHHE K 8-0HTHOMY THITy<br>abs grad x=
cv2.convertScaleAbs(grad_x)<br>abs_grad_y =

cv2.convertScaleAbs(grad vy)<br># ObbenHHeHHE IpagHeHTOB (TIPHOIKEHHOE
BhIUHCIIEHHE MarHHTY bl TpagHeHTa)<br>grad combined =
cv2.addWeighted(abs grad x, 0.5, abs grad vy, 0.5, 0)<br># AnsTepHaTHBa:
TOYHOE BBIYHCIJIEHHE MarHHTYAbI<br># grad mag = np.sqrt(grad x**2 +

grad y**2).astype(np.uint8)<br># Bmyamaipa<br=>cv2.imshow('Original’,

img )<br>cv2Z.imshow('Gradient X', abs_grad_x)<br>cv2.imshow('Gradient Y,
abs_grad_vy)<br>cv2.imshow('Combined Gradient',
grad_combined)<br>cv2.waitKey(0)<br>cv2.destroyAllWindows()<br>

OIIK-1.3
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3amauda 10: Bel pazpabaTeiBaeTe KOHBeIHEP IPe1o0paboTKH 1A
KJIacCH(HKAIMH THCTOIOIMYecKHX H300paxeHHil. [lociae H3MeHeHHA
APKOCTH H KOHTpacTa (aAyTMeHTAI[II ) BEl 3aMeTIIIH, YTO Ha HEKOTOPHIX
H300paKeHIAX IIOABIIHCE apTe(aKTEl HACHIIeHIT (O0IbIme 00IacTH
YHCTO OeI0oro HIH YepHOTO IBeTa). Kak 3TO MOKEeT IOBIHATh Ha O0yUeHIE
MOJIEIIH H KaK PEeIHTh Ipodiemy?

OtanoH: Bausgaie Ha oOyueHue: 1) [Iorepa mHpopmalpm: B obmacTax
HaCBIIeHNA BCA TEKCTYPHAA HH(POPMAIHA yTpaueHa, MOJIelIhb He CMOKET
H3BIIeYh H3 HIX ITPH3HaKH. 2) Beegenme cMelreHn s (bias): Mojeins MoKeT
HAYUHTHCA ACCOIMHPOBATH HACHIIIEHHBIE OOIACTH C OIIpe JIeIEHHBIM

10 KIaccoM (apredakT), uTo yXyIMT 0000IIeHe Ha pealbHEIE TAaHHEIE, T'JIe YK-1.1, IIK-
TaKHX apTeakToB HeT. 3) HecTaOMIBHOCTE I'PaIHEeHTOB: B HACHIII[EHHBIX 11.2
o0macTaX TpaJHeH Tl MOT'YT CTaTh HYIEBRIMH (ITpo0iaeMa "HCUe3aroIero
rpajieHTa” B HEKOTOPBIX () VHKI[IIX

akTHRAIHN). Permexne: Heo0X0oMIMO OrpaHIUHTh JHAIA30H

ayTMEHTAIIHH IT0 IPKOCTH/KOHTPACTY, UTOOBI H30eKaTh BBIXOIA 3a IIPeIeIIbI
JOITYCTHMOTO HHAMHYeCKOTIO JHala30oHa m300paxeHid (Hampumep, 0-255).
M crioms30BaTh Takme Ipeo0pa3oBaHn A, Kak THCTOIPAMMHOE BEIPABHHBAHHE
(CLAHE) i raMma-KoppeKIo ¢ gamima B auarnasone [0.7, 1.5],
KOTOPEIE PeKe IIPHBOJAT K IIOITHOMY HACHIIEHIE0. TaK&Ke MOKHO

T00aBUTE MMOCTOOPabOTKY: 00pe3ars (clip) 3HaAUeHIIA ITHKC eTeil Imocie
ayTMeHTALIH, YTOOBI OHH OCTABAIHCH B JOITYC THMOM JHAIIA30HE .

3aJgaHis Qi1 CaMOCTOSATEILHOH PadoTEI

Bormpoc 1: YeM oTnmuaeTcd agaliTHBHAL IToporopasd o6paboTka oT
rrao0aneHoi? B KakHX Me JHIIHHCKHX 3aJadyax OHA ITpeIIOUTHTelbHee?
OTtanoH: I'mobdamsHeOT ITOPOr ITPHMEHAET OHO 3HAUEHHE KO BCEMY
H300paKeHI0. ATAITTHBHEII IIOPOT BEIUHCIIAET IIOPOT NI KaKJOTO TIHKCE LT
HA OCHOBE HHTEHCHBHOCTH €I'0 JIOKATBHOH OKPeCTHOCTH (HAIIpHMED, CpeHee
1 HJIH I'ayCCOBO CPeJTHEE OKPeCTHOCTH MHHYC OIIK-1.3
KOHCTaHTa). [IpemioureHne: AJAIITHRHEIN ITOPOT IIPEMIOUTHTEIIFHEE HA
H300pakeHNIX C HEpPaBHOME PHEIM OCBEIIEeHHEM HIH KOHTPAcTOM, UTO
XapaKTe PHO I MHOTHX Me JHIMHHCKHX MOJATbHOCTEH (HaIPHMED,
VIBTPA3BYK, S3HAOCKOITA, MHKPOCKOII A). OH II03BOJLAET JIYUILIEe BEIJIEIIATE
O00BEKTEI B TEMHBIX H CBETIBIX 00TaCTAX H300paKeHId OHOBPEMEHHO.

Borpoc 2: Yto Takoe MOp(OIOTHYeCKHE OIlepalliH (P03, JIUIaTallI,
OTKPBITHE, 3aKPBITHE ) H I Yer 0 OHH ITPHME HATCA B ITocTOOpaboTke
Pe3yILETaTOR CeTMeHTAaI[HH?

StanoH: Mopdororuyeckie ornepargi — 3TO OIlepallHH HaJl OHHAPHBIMIT
IUTH ITOIYTOHOBEIMH H300pakeHIAMI, OCHOBAHHEIE Ha JopMe (MOPEOIOT I )
O00OBEKTOR C HCIIOIE30BAaHHEM CTPYKTYPHOL O 3JIeMeHTa

(41po). D03 YMeHbIIIAeT OOBEKTEI, YAALAL IIHKCEII Ha

2 rpaHHIax. J{iaramia yBeIHunBaeT 00BeKThI, JO0aBIAA IIHKCEIH K OIIK-1.3
rpaHumaM. OTKPEITHE (3PO3HA, 3aTeM IIUIATAIg) yIaldeT MelIKHe IITyMHEIE
00BEKTH H pa3phIBaeT TOHKHE COeQIHEHI . 3aKpRITHE (IIUIaTalfHsg, 3aTeM
3P03HA) 3aIOIHAET MeJIKI e OTBEPCTHA H Pa3phIBE B 00bEKTaxX. B
1mocToOpaboTKe CerMeHTaIlHH OHH HCIIONE3YIOTCS LA OUMCTKH MACOK
(ymaneHHe apTedaKTHBIX MEIIKHX 0OacTell, 3all0JHeHIe JEIPOK BHYTPH
CeIMeHTHPOBAHHOTO OpraHa), CIIIaKHBaHHA TPAHIIl, Pa3ielleHH I CIHIMIHXCSA
0OBEKTOB.
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Borpoc 3: Kakiie OCHOBHEIE 3Tallbl BKIKUAET B ce04 Iaiiuiaiy
mpego0paboTKH M300pakeHH  Iepe [T IIofaueil B CREPTOUHYI HEIPOHHYIO
ceTh (CNN)?

OtanoH: 1) M3MmeHeHHe pasMmepa (Resize): I[IpHBeeHIe BceX H300pakeHIIl K
eIHOMY pa3Mepy (Hampumep, 224x224), Tped0yeMOMY BXOIHBIM CIIOEM CETH.
2) HopManmu3aiid HHTEHCHBHOCTH: Yarle BCero MacIiTaOHpOBaHHE
3HAUeH I IKCeneil B quamazoH [0, 1] mmi [-1, 1] myTeM memeHmsa Ha 255.

3) CranmgaptH3amnii (Z-score normalization):; BEIUHTaHIE CpeIHETO 3HAYEHH
H JleJIeHHe Ha CTaHJAPTHOE OTKIIOHEHHE 110 JaTaceTy (YacToO HCIIOIb3YIOTCA
ImpeIocynTanHble cpegHee H std mmsg ImageNet: mean=[0.485, 0.456, 0.406],
std=[0.229, 0.224, 0.225] mua RGB). 4) AyrMeHTaId JaHHEIX (B ITPOIECCE
o0yueHH): CiryuaitHele TTpeo0pa30BaHH A JIA VBEIUeHI I pasHooOpa3mnd
IAHHBIX (TIOBOPOTHI, OTPAKEHI, H3MEHEeHH T I[BeTa H T.]I.).

5) [Ipeobpazopanne B TeH30p: KoHBepTama Maccuea NumPy B TeH30p
(opmara, mojIepxHBaeMoro (gppeiiMBopkoM (Hampumep, (C, H, W) mia
PyTorch).

[TK-8.2

Bormpoc 4: Uto Takoe roMorpadia H B KaKHX 3aJadyaxX pPerHCTPalIiii

Me JUITHHCKHX H300paKeHiT OHa MOKeT OBITh ITpHMeHeHa?

StanoH: I'omorpad)id — 3TO IMIPOEKTHBHOE IIpeodpa3oBaHIe ITIOCKOCTH
(3amaBaeMoe MaTpHIlei 3X3), KOTOPOe OIMCHIBAET H3MEHEHHE ITePCIIEKTHREL
MeK Ty IBYMA IUTOCKHMI H300paKeHHAMH OJTHOI H TOH e clleHbl. OHa
MOKET MOJIeJIHPOBATh He TOIBKO adIHHEIE IIpeoOpa3oBaHu A (CIBHT,
IIOBOPOT, MACIITAG ), HO H ITePCIIEKTHBHEIE HCKAKEHHA (CXOIAIIHECS
JIHHHH ). B Me JHITHHCKO BH3YATH3AIHH ToMorpada MoxeT ObITh ITOIIe3HA
I 1) PermcTpalfiu mocie10BaTe b HbIX CPe30B IHCTONOr HYe CKIX
IPEIIApPaToB, I'le MOKET OBITE HEOOIEIION HAKIOH. 2)

CopMelleHIA oTorpadHii TOBEPXHOCTH TeJa HIH OIePAIlHOHHOL O IO C
TaHHBIMH ToMorpadui. 3) KoppeKInt mepcleKTHBHEIX HCKAaKEeHITT B
SHIOCKOITHYECKHX HIH MIKPOCKOIIYECKHX H300paKeHIX. Jm1d o0 beMHEIX
maHHbIX (KT, MPT) romorpadig cama 1o cebe He IpHMeHAeTCA, TaK KaK 3TO
2D-1mpe oOpazoBaHIe.

OIIK-1.3

Borpoc 5: 3aueM IIpH ayTMeHTAI[HH MeIIHHCKHX H300paKe Il MOKET
ITOTPeOOBATECA TeHEPAaIA CHHTETHYE CKHX ITaToNOrmii? KakoBH 3THUECKHE
acIIeKTEI TAKOI'0 IToIxoa?

OtanoH: [IpmuomHa: /{114 6amaHCHPOBKH JaTaceTa, KOrja pealbHbIX CIIVUAER C
OITpe JeTE€HHOH PeIKOH IMaTOIOrHeH KpaitHe Mano. CHHTeTHUYECKAd
reHepai (HarpuMep, JobaBleHHe HCKYCCTBEHHBIX 00pa30BaHIni Ha
3IOPOBEIE CHIMEKH ) MOKET YVBEITHUHTE KOIIHUYECTRO IIPHMEPOB M VIIYUIIIHTE
o0yueHHe MOJeIIH. DTHUecKHe aclekTsl: 1) [Ipo3paurHocTs: Heobxoaumo
YETKO YKA3BIBaTh B OIHCAHHH HCCIIeJOBAHH A H MOJEIH, UTO HCIIOIE30BaTHCh
CHHTeTHYeCKHe JaHHbIe. 2) PeamcTHUHOCTE . CHHTETHUECKHEe ITaTOIOr HI
JOTKHBI MAKCHMATHHO TOUHO HMHTHPOBATE PEAIbHEIE 110 BCEM

XapaKTe pHCTHEAM ((popMa, TEKCTYPa, B3aHMOJIEIICTBHE C OKPYKAFOIIIMI
TKaHAMH ), HHAUe MOJellb HaYUHTCA Pacllo3HaBaTh apTe(paKkThl TeHepallii, a
He peanbHble Oome3HH. 3) KoHTpons kKauecTBa: CHHTETHUYECKHE JaHHbIE
TOIKHBI IIPOBEPATE CA SKCIIEPTAMH-KITHHHITHC TAMI Ha JOCTOBEPHOCTE.

4) Iems: Mcons30BaHHe TOTAHO OBITh HAIIPABRIEHO HCKIFOUHTEIFHO HA
VIYUIIIEHHE THATHOCTHKH H ITOMOIIH TIAI[HEHTaM, a He JINII BBEeJeHH I B
3201y K Ie HHE.

YK-1.1, OIIK-
2.1
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3amaua 1: Harmmmumte ¢yakiiro Ha Python ¢ ucroms3oBanmem OpenCV,
KOTOpad IIPHHHMAET HA BXOJ IIBeTHOE H300pakeHNne H IIPHMeHIeT K HeMY

OIIK-1.3, IIK-
1.2
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MeTHAHH Y0 (PIUTh TPAI[IEO C AAPOM PasMeEPOM 5X5 TOMBKO K KaHany V B
I[BeTOBOM ITpocTpaHcTBe HSV. OG0ocHYyiiTe, 3aueM MOKeT ITOHAL00HTh C
Takasd H30mpaTeTbHaT QIIBTPAIfIL

ITaloH. python<br>import cv2<br>import numpy as np<br>def
median_filter V channel(image ber):<br> # KoHpepTHpyem BGR B HS V<br> hsv =
cv2.cviColor(image ber, cv2. COLOR _BGR2HSV)<br> 7 Pazgeniem KaHaIbI<br>
h, s, v = cv2.splitthsv)<br> # I IpHmeHaeM MeqHaHHBIH (PHIBTP TONBKO K KaHaIy V
(apkocTh)<br> v _filtered = cv2Z.medianBlur(v, 5) # agpo 5x5<br> # O0beqHHAEM
KaHasbl 00patHo<br> hsv filtered = cv2.merge([h, s, v_filtered])<br> #
KoHgpepTHpyem obpatHo B BGR<br> result bgr = cv2.cviColor(hsv filtered,

cv2.COLOR_HSV2BGR)<br> return result_bgr<br> O0ocHOBaHHE: B I[BeTHOM
H300paxkeHHH IIIyM Yallle BCero Handolee 3aMeTeH B KaHalle ApKOCTH (V' B
HSV, L B Lab), B To Bpemsa kak 1ipeTorad nHdopmaid (Hue, Saturation)
Oomnee ycToiuHBa. OHILTPAIH A TOIBKO KaHATA APKOCTH ITO3BOIIAET

3¢ eKTHBHO IIOJABRHTE IITYM (HAIIPHMe]P, HMITYJIbECHELI HIH FayCCOBR),
MIHHMATHHO HCKAkKad I[BETOBBIE OTTEHKH, YTO KPHTHUHO NI aHATH3a
THCTOJOrHYe CKHX H300paxeHIn (okpacka H &E) 1ri JepMaTOCKOIIYEe CKH X
CHHMKOB, Tl I[BET ABIAETCA BAKHBIM JHATHOCTHYECKHM IIPH3HAKOM.

3amaua 2: BaMm npegocTaBHIH Aea KT-HccleoBaHIa OTHOTO IaIlHeHTa JI0 H
IIOCIIe KOHTPACTHPOBAHH A, HO B PA3HBIX CHCTEMAaX KOOPIHHAT (Pa3HBIi
pasMep BOKCEId, pa3Hasd OpHeHTaIH g ). OIIIIHTE IOCIeI0BaTeIIbHOCTh
II[arOB I HX PerHCTPaI[HI, HAUHHAd C 3arPy3KH JaHHBIX.

OtanoH: 1) 3arpy3ka JaHHBIX: 3arpy3uTs 00a o0beMa, HCIOIb3yA SimpleITK
IUTH aHalord. 2) IlpemapurentHad oO0padoTKa

(oIIIHOHATLHO): HopMami3aiid HHTeHCHBHOCTe  (HanmpuMep, B HU ) 1,
BO3MOKHO, 00pe3ka 1mo odseMy HHTepeca (ROI).

3) Umrmpami3and: OIpeIeInTsh HaUalkHOE BEIpaBHHBaHIE. MOKHO
HCIIONIB30BaTh IeHTPEI Macc H300paKeHHI IIIH COBMECTHTD 110 OCHOBHBIM
OCAM HHEePIH (METOJ I[EHTPOB Macc He TpeOyeT IIpeIBapHTeIbHOT O
3HaHIA). 4) BEIOOp MeTOMa perncTpanui: Tak KaKk H300pakeHIs OTHOI
MoaambHOCTH (KT), HO ¢ pasHBEIM KOHTPACTOM, MOKHO

HCIIONb30BaTh HOPMHPOBAHHYEO B3aHMHYVI0 Koppemapro (Normalized Cross-
Correlation) min B3anMHYE0 HHGopmarpio (Mutual Information) mis
OOIBIIEN VCTOIUIBOCTH. 5) BriGop TpaHchopMmarnm: HauyaTs ¢ Kec TKOI
(11g1d) TpaHcopMaIRH (COBHT + IIOBOPOT), TAK KaK OKHIAETCS, UTO
aHaToOMHA He JeopMIpoBanack. ECIH 3TOro HeJOCTAaTOUHO, IIePeHTH

K apduHHOI. 6) MHOroyporHeBas peructpara (Multi-

resolution): IIpoBecTH perHCTpaIHI0 CHAYAla Ha YMEHBIIIEHHBIX KOITHAX
m300paxkeHmit (mHpaMiga I'aycca) jid YCKOpPeHHI H YX0Ia OT JOKAIbHBIX
MIHHMYMOB, 3aT€M Ha IIOTHOM pa3pelleHH . 7 ) Il puMeHeHHe
TpaHC(OpMAIHH H HHTEPITOILAIH A 11 pHMEeHHTh HAIIIEHHYIO
TpaHC(OopMALHIO K ITOABHAHOMY H300pake HIEO € 10X OJIAIIIM
HHTEPIIOIATOPOM (HaIpHMep, B -cIuTailH TpeThero mopAaka). 8) BH3yalsHas
H KOHMUYeCTBeHHAd IIPOBepKa: HalOKHTE Cpe3bl, IIPOBEPHTH COBIIA]IEHIIE
AHATOMITUECKIIX OPHEHTHPOR, BEIUNCIINTE MeTPHKY (HampruMep, M SE mmm MI
B 00IIaCTH HHTEpeca).

YK-1.2, OIIK-
1.3

3amaua 3: [Ipu oOyueHim Mmomend Ha MPT-m300paxkeHIIIX ¢ pa3HBIMIL
nocnemopareTbHOCTAMI (T 1, T2, FL AIR) BH pellOUIH IIPHMEHHTD Z-SCOTe
HOpMAaIH3aH. CleqyeT JIH BEUHCIATE CpeJHee H CTAHAAPTHOE
OTKIIOHEHHE JIA KAk I0ro H300paKeHHA OT/IebHO IIIH 110 BCeMY JaraceTy?
OO0oCHYIITE.

OTanoH: PeKOMeHIyeTCA BEIUHCILATE CTAaTHCTHKY (cpeaHee H std) o Bcemy
TPEHHPOBOUHOMY JaTaceTy I KakIOTO THIIA IIOCTIeJOBAaTEIEHOCTH

IIK-11.2, YK-
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oTmemsHO. ObocHORaHMe: 1) KoppekTHOoe 1eHTpHpoBaHHe: MPT-
H300paKeHNd Pa3HbIX TIOCIIeIOBATENbHOCTEH HMET pa3Hoe abCOM0THOE
3HAUEHHE HHTEe HCHBHOCTH (HampmMep, CSF gpkasd Ha T2, TemHagz Ha T1).
ECIH BEIUHCIHTE OOLIYEO CTAaTHCTHKY IIO BCEMY HaTaceTy (BCe

IIOCIIe JOBATEIIbHOCTH BMECTE), paclpe/ielleHHe CTAaHET MHOTOMOIAJIb HbIM, H
eIHOE CpeHee/CTAaHTAPTHOE OTKIOHEHHEe OYAYT HEKOPPEKTHEI I Kak oIt
MOJIAIIbHOCTH, UTO MOKET CMECTHTh JaHHBIE H VXYIIIHTE O0yUeHHE.

2) CTaOHIIBHOCTH IIPH3HAKOB: HopMAaH3aI 1o JaTaceTy A KakIoTro
THIIA IIOCTIeAOBATENIFHOCTH rapaH THPYET, UTO MOAENb OYAeT II0IyYaTh Ha
BXOJI JAHHEIE C IIPHMEPHO OJHHAKOBEIM PacIpeieIeHHeM I TAHHOI O THIIA,
yto obnerdaeT oOyuenme. 3) IIparmibpHaA oOpadoTKa HOBEIX JaHHBIX: [1pH
HH(pepeHCe HOBbIe H300paKeHHA JONKHbI HOPMATH30BBIBATECA C
HCIIONIB30BAHHEM CTATHCTHK (cpegHee, std), BRBIUHCIEHHBIX Ha
TPEHIPOBOYHOM HA0Ope LI COOTBETCTBYIOIIET

IIOCIIeJOBATEIIbHOCTH. AIIbTepHATHBA: M OKHO HCIIONIB30BATh Oolee
CIIOKHBIE METOBI HOPMATH3AINNH, cTelH (unble L1 MPT, HampimMep,
OCHOBAHHEIE HA THCTOIPaMMAax WIH TKAHEBRIX MOJEILIX.

3amaua 4: Be1 0OHaApY KU, UTO ITOCTE IIPHMeHEHH I ayT MeH Tal[HH
CIIYYaiTHBIMH ITOBOPOTAMH, IIPOH3BOIHTEIFHOCTS MOJIEIIH HA

BAIH TAI[FIOHHOI BEIOOPKE yIrana. B ueM MOKeT OBITH IIPHYMHA H KaK 3TO
HCIIPABUTE?

OTanoH: Bo3MoKHEIE IIPHUYHHEL 1) CIoaimkoM OONBIIHE YIIIEL

IToBopoTa: MoIelns BHIHT aHATOMITUECKH He PeaTHCTHYHEIE IIH PeIKO
BCTPEUYAIOIIHECH B PEATHBIX JAHHBIX OPHEHTAIIH, UTO BHOCHT IITyM H
3aTPYIHAET BRIABIEHHE HCTHHHBIX IIPH3HAKOB. 2) HHTePIIOIAI[HOHHBIE
apTedakTsl: [IpH ITOBOPOTE C HHTEPIIONALINEN HA TPaHHI[AX H300paKeHHsI
MOT'YT IOABIATECA apTeakThI (UepHBIe OOIIAacTH, Pa3MEITHE ), KOTOPHIE
MOJIeNb HAUIHAET CUNTATh IIpH3HaKaMH. 3) HecooTBeTCTBHE pa3MeTKH: E cim
MAaCKI/ OOKCH He IIOBOPaUHBAIICh CHHXPOHHO C H300pakeHIAMH (OIIMOKa B
IaiTIaiiHe ayrMeHTAI[HH ), TO MOJEeNb 00yUuaeTca Ha HEBEPHEBIX

TaHHBIX. CIIOCOOBI HCIIpaRIeHH . 1) YMEHBIIHTE JHAIIa30H VIIOB
IIOBOPOTA 10 aHATOMHYECKH IPaBaoIIoq00HEIX (HarpmMep, £10°).

2) U3MeHHUTH CIIoco0 3aloIHeHH I KpaeB: BMecTo uepHOro (constant=0)
HCIIONB30BaTh oTpaxene (reflection) HiH 3aronHe e HAa OCHOBE COCETHUX
ImHKceneil. 3) TiareIbHO IIPOBEPHTE ITAIILTAH ayTrMeHTAI[IH, YOe JHBIIICE,
YTO BCe Ipeo0pa3oBaHNd IIPHMEHIIOTCA OIHAKOBO K H300paKEeHI0 1
paszMerke. 4) [locTerleHHO BBOJHTE ayrMeHTaIM: Hauats oOyueHe Oe3
IIOBOPOTOB HIH C MATeHhKHMH YITIAMH, 3aTeM IIOCTEe CXOIHMOCTH JOOABHTH
Oollee CIUIBHYH ayTMEHTAIHI0 H T000VUHTE.

YK-1.1, IIK-
1.2
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3amaya 5: B maraceTe I CErMEHTAI[H MHKPOCKOITHUYECKHX H300paKeHHi
KIIETOK ITPHCYTCTBYET HE PABHOMEPHOCTH OCBEILeHH (BIHEETHPOBAHIIE) —
IeHTP H300paKeHHd apue, yeM Kpasd. IIpeqIoxnTe MeTO T IIpe o0 paboTKH
LA KOPPEKIMHH 3TOr o apTedakra Iepej CerMeHTal[Hel.

ITanoH: NI KOppeKIHH HEPABHOMEPHOI'O OCBEIIEHHI MOKHO HCIIOIh30BaTh
MeTOJ oreHKH (hoHa (background estimation) I mmocie IyroIero
BerunTaHid. [Mlarn: 1) Ouenka goHa: ITpiMeHHTs K HCXOTHOMY
H300paKeHI0 CIUIbHBIH (QHILTP HI3KHX YacTOT (HampHMep, I'ayccoBo
pa3sMBITHE ¢ OOIBIMMM AIPOM, Pa3MepPOM 3HAUHTEIHHO OONBINe THITHYH O
KIIeTKH). [IonyuyeHHOe H300paxeHHe OyIeT IIpHOIIAeHHOH MOJIEIIBEO
HepaBHOMepHOTO (poHa (oceerreHn). 2) Koppexiia: [IpeoGpazoBaTs
HCXOJIHOE H300pakeHIe, YT 00kl KOMIIEHCHPORaTh (poH. Hallle Bcero
HCIIONB3YeTCA BEIUHTAHHE cpc:-Ha H HOpManmu3aua: [_corrected = (I_original -
[_background) / (I_background + epsilon), Tie epsilon — MAJIOE UHCIO I

OIIK-1.3, IIK-
1.2
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n30eKaHNA JIelIeHHA Ha HOIb. AJIbTEPHATHBHO, MOKHO ITPOCTO BEIUECTH
¢oH: I_corrected = I_original - I_background + const. 3) J]OIIOITHHTE I HAS
HOpMamH3aI A ITociie BEUHTAaHHA IIPOBECTH KOHTPACTHOE PaCTTKeHHe
(normalize) pe3yiIbTaTa B HYKHBLOI THHAMIUECKHIT IHAaa30H (Harpmep, 0-
255). 31oT MeTox 3(p(PEeKTHBHO BEIPABHHBAET OCBEILEHHOCTD, Jlelasd
n3o00paxeHne 0oree OJHOPOTHEIM NI ITOCIEYEOIIEH ITOPOr OB O
CceIMeHTAaI[HH IWIH PadoThl HelIpOCeTH.

Tema 3 «CerMeHTAII I H TETEKI[HI OOBEKTOBRY

[TpoBepsembie komrieTeHIMH 1 M JIK (komer), popMIpyeMble ITPH H3YYEHHH TeMBI: IIepedeHb
YK-1.1 YK-1.2 OIIK-1.3 OIIK-2.1 TIK-8.2 TIK-11.2

KDH'_I_‘PDHBHBIE BOIIPOCKLI 110 TEME.

No
n/n

Jaganue

IIpoBepsiembIe
HJIK

Bompoc 1: B ueM 3aKIr04Yar0o TCA OCHOBHBIE PA3IHUMI MeXK Ty 3aJadaMi
CEeMAHTHYECKOH CeIMeHTAI[HH, HHCTAHC-CEeTMEHTAIIH H JIeTeKI[HH
o0BexTOB? IIpHBEIITE Me JUITHHCKHE IIPHMEPHI JITIT KA OI.

OT1anoH: CeMaHTHUe cKasd ceTMeHTalHT [IpHcBRanBaeT Kax oMY ITHKC EIF0
n300pakeHNd MeTKY Klracca, He pa3fieiad OT/IeIbHbIe 00BEKThI BHYTPH
Kiacca. [/pumep: BrIieneHIe BCeH JeroyHoH TKaHH Ha K'T KaK eIHOoI
obOmacTH (Kmacc "merxoe"). HHcTaHC-CcerMeHTaIA: He TOIMBKO IIPHCBAaHBAET
KJIacc, HO H pa3/eldeT pasHble 00BEKTEI OJHOI O KiIacca, IIPHCBAaHBAL
KaKJIOMY VHHKATBHEOT HAeHTH(pHKATOP. IIpuvep: BEIAeIeHHe KaxK TOi
OTHEThHOM KIEeTKH Ha MHKPOCKOIIUECKOM H300paKeHHH (BCe KIIeTKI
OJHOr O Kllacca, HO KaxkJad - OTAEeIbHBLIL 00BeKT). JleTeKinia

00beKTOB: HaxoauT o0BEKTH H JIOKAIH3YET HX C IIOMOIIBIO
OTpaHHUYHBAIOIIIX paMoK (bounding box), mpHcBanBas KIacc KaxIoMy
Ookcy. IIpumep: OOHapyxKeHHe H 0003HAUEHHE PAMKON MHOKECTBEHHBIX
OITYXOIEBBIX OUarop B nmeueHu Ha MPT.

YK-I.1

Bormpoc 2: OroiimTe IIPHHIHIT PadOTEI IIOPOTOBOI cerMeHTAIHH METOI0M
Ony. B Kak#HX cIy4yasx ero MpHMeHeHHe K MeTIIHHCKIM H300Pak eHILIM
HanOolee OIpaBaaHo?

OTanoH: I puHIEOI MeToa O1y: AITOPHTM aBTOMATHUECKH HAXOIHT
ONITHMAThHEIIT IIOPOT, KOTOPBIH MIHHMH3HPYET BHY TPHKIIACC OBYIO
ImHcIepcHo (pa3dpoc 3HaUeHINT BHYTPH (hoHa H 00BeKTa) HIH, UTO
SKBHBAIEHTHO, MAKCHMIZHPYET MEKKIACCOBYIO THCIIEPCHEO (Pa3HHIY
MeKIY CPeIHHMHI 3HaueHHAMI poHa H o0rsekTa). OH mepeOHpaeT BCe
BO3MOZKHBIE TIOPOTH H BEIUHCIIAET 3TY METPHKY JHId THCTOTPAMMEI
n300paxeHnd. OIpaBIaHHOe IIPHMeHeHHe: Korga rucTorpamma
HHTEHCHBHOCTeI H300pakeHId ABAeTCA OHMOJAIBHOM (HMeeT IBa
BEIPAKEHHBIX ITHKA, COOTBETCTBYIOIIHX O0BEKTY H (JOHY) H OOBEKTH HMEFOT
OTHOCHTEIIFHO OJTHOPOIHYI0 HHTEHCHBHOCTH, KOHTPACTHPYIOIIYVIO C (JOHOM.
HarmpimMep, cerMeHTaIHa KOCTHEIX CTPYKTYP Ha KT (dapkue) Ha doHe
MATKHX TKaHel (TeMHBIE ) IIIH BRIZIeIIeHHe KHIKOCTH (TeMHOIT) Ha T2-
B3BellleHHEIX MPT.

OIIK-1.3

Bompoc 3: KakoBE KIroueBble 0COOEHHOCTH apXHTeKTYpHI U-Net,
IenaroInie ee oco0eHHO 3 eKTHRHOI I OHOME THIIHCKOI

ITK-8.2
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CerMeHTAI[HH?

OTanoH: 1) CHMMETPHUHAL apXHTEKTYpPa "KOIHPOBILHK - IeKO TH POBIIHK
(3HKOIEp-IeKoAep)": DHKIeP H3BIeKaeT KOHTEKCTHbIE 0COOeHHOCTH,
YMeHBIIIad IIPOCTPAHCTBEHHOE pa3pelleHHe (IIYIHHT), a JeKOep
BOCCTAHABIHBAET IETAIBHYIO IIPOCTPAHCTBEHHYI0 HHPOPMAIIEO LT
TOYHOT O IO3HITHOHHPOBAHH A IpaHHIl. 2) Skip-connections (IIpoOITyCKHEIE
coemmnHeHHA): [IpsAvEBIe coeMHEHH A Me KTy COOTBETCTRBYEOIIFIMI CIIOSMI
3HKOJIepa H Aekoaepa. OHH IepeJar0T KapThl IIPH3HAKOB BEICOKOT O
pazpelleHId H3 SJHKOZepa B AeKOJeP, UTO II03BOILIET CETH
KOMOHHHPOBAaTh KOHTEKCTYaAIbHYH HHPOPMAIIHEO (UTO 3T0?) H3 IITyOOKHX
CI0eB ¢ HH(pOpMaI[Heil 0 TOUHOM MeCTOITONIOKEHHH H3 PAHHHX CIIOEB. 3TO
KPHTHYHO U4 TOUHOI' O BOCCTAHOBIEHH A TPaHII] 00BEKTOB.

3) Ucriomp30BaHie CBEPTOK 0e3 IIOIMHOCBA3HBIX CI0eR: I103BOIIET
oOpabaTeBaTs H300pakeHH M1r0O0ro pasMepa. 4) SHI-TY-3H]

oOyueHne: O0yuaeTcd Ha Imapax "n3o0paxeHHe-Macka" HAIPAMYIO.

Bormpoc 4: Jlafite onpemenerid MeTpHK Dice Similarity Coefficient (Dice
Score) u Intersection over Union (IoU). Kak OHH cBA3aHEI Me& Ty coO0It
MaTeMaTHYeCKH H B HHTePITpe TaI[HH ?

StanoH: Dice Score (F1-score mida mkceneit). DSC=(2* AN B|)/ (JA| +
IB|), rme A — mpeackazaHHad Macka, B — mcTHHHAA Macka (ground

truth). Intersection over Union (IoU, Jaccard Index): IoU =AM B|/|A U
B|. Cea3p. DSC Bcerga Oomsblire Wil paBeH IoU LA OHIX H TeX e MACOK.
[TpumepHad ce3s: DSC = (2 *IoU)/ (1 + IoU). UaTeprpetaipia: Ode
METPHKH H3MepArT overlap (TepekprITie) MeK Dy IIpeAcKazaHHeM H
HCTHHOI, IIpHHHMAA 3HaYeHHd OT 0 (HeT IepeKprITHA) A0 1 (IToIHOe
cormnajgeHne). Dice Oomee "Ie IpeOi" H MeHee UyBCTBHTEIEH K HEOOIBIIIM
Pa3THYHAM IIPH BEICOKHX 3HaueHIAX. IoU Oomee cTporas, ocoOeHHO IIPH
HIBKHX 3HAUEHHIX MePeKPhITHA. B MeIIIHCKOI cerMeHTaIHu Dice
HCITONIb3YeTCA Yalle, TaK KaK XOPOIIIO0 COOTHOCHTCSA C BH3yalb HbIM
BOCIIPHATHEM KauecTBa.

ITK-11.2

Bompoc 5: B yeM 3aKTH0YAr0TC A IPHHIHITHAIEHEIE Pa3THUIA MEKTY
OHO3TAIMHEIMH (One-Stage) H ABYX3TaHLIMH ( Two-Stage) geTeKTopami?
Haz0BHTE 110 OJHOMY ITPeACTABHTEIF0 KAKLOI O IOAX0MA H HX

I PEHMYIIIECTRA.

OTanoH: JIByxsTanHele AeTeKTopsl (HampuMep, R-CNN, Fast R-CNN, Faster
R-CNN): 1) 5Tam 1 (Region Proposal): I"'eHepaIpid IoTe HITHAIb HbIX
pernoHoB HHTepeca (ROI), rie MOryT HaxoHThCA OOBEKTHI (C TTIOMOIIBEO
OTIeIbHOI ceTH, HampuMep, RPN — Region Proposal Network). 2) Sarm 2
(Classification & Regression): KaxIpni IIpeIoKeHHBIN PeTrHOH
KraccHmupyerca H ero bounding box

yTouHdgeTCcA. [IpenmyInecTBO: BEICOKaA TOUHOCTE (OCOOEHHO LT METIKHX
00BekToB). OHO3TAIHEIe AeTeKTOPH (HampmMep, YOLO, SSD,

RetinaNet): OOBeIIHAFOT 3TAIIBL IIPEITIOAKEHIIA PETHOHOBR H KIACCH(HKAI[IH
B OJIHY IIPAMYIO IIPOXOIKY Yepe3 ceTh. CeTKa HaKiIa pIBaeTCA Ha
n300pakeHne, H 1A Kak IO AUeilkKH CeTKH IIpejicka3smaroTca bounding
boxes n ximaccsl. IIpenMyinecTBo: BeIicoKas cCKOpocTh HH(epeHCca, Yo
BAKHO L1 00pabOTKH B pealbHOM BpeMEHH.

OIIK-1.3, YK-
1.1
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Bormpoc 6: Uto Takoe precision, recall n F1-score B KOHTEKCTe 3a1aurl
CeIMeHTAI[HH WIH JeTeKIpm? Kax oHH CBA3aHEI ¢ IIpobaeMolt micbdananca
KJIaccOB?

STanoH: Precision (TOUHOCTS ): J[0ol4 HCTHHHO ITOTOKHTEIbHBIX

IIK-11.2, YK-
1.1

49




IpeAcKa3aHHil Cpe/IH BCeX IIOMOKHTENbHBIX IIpedcKa3a il MOIEIH.
Precision = TP/ (TP + FP). Iloka3siBaeT, HACKOIBKO MOJIENIs "TOUHA" B
CBOHX TIONOKHUTENBHBIX ITPe ACKA3aHHAX (MHHIMAIbHOE KOIHUYECTBO
TOXKHBIX cpabaTteBanmil). Recall (ImomHOTa, UYYBCTBHTEIBHOCTS ). J[0Id
HCTHHHO ITOTOAHTENBHBIX IIPeICKa3aHIil CPe/iH BCeX PealbHO
IONOANUTENBHEIX ciiydyaeB. Recall = TP/ (TP + FN). Iloka3sBaeT,
HACKOJIbKO MOJIeIs "II0HA" B 0O0OHAPYKEHHH BCeX 00BEKTOBR (MHHIIMATLHOE
KOIIHUYEeCTBO IPoITycKoB). F1-score: ["'apMoHHUecKoOe cpeiHee MeK Iy
precision H recall: F1 = 2 * (Precision * Recall) / (Precision + Recall). CBa35
¢ mucOamancoMm: Ha cOamaHCHPOBAaHHEBIX JAHHEIX accuracy Mo&eT OBITh
nHpopMaTHBHOI. Ha HecOanaHCHpOBaHHBIX (HarpHMep, GoH 3aHmmMaeT 98%o
n3o00paxkeHd) accuracy OyzeT 3appareHa. Precision H Recall, oreHnBaemsie
LI MHHOPHTAPHOT O KIacca (TaToIOrHA ), Tar0 T Topasgo Oomee
00BEeKTHBHYIO KapTHHY KauecTBa MoJienH. Beicoxmii Recall KpHTIUEH B
MeJUIHHE, UTOOBI He IIPOITYCTHTh 3a00IeBaHHE .

Bompoc 7: g yero ucmons3yrTed Conditional Random Fields (CRF) B
IocToOpaboTKe Pe3yIbTaTOB CeMAaHTIHYe CKOI cerMeHTarnn? Ha KakoM
MIPHHINIIE OHH padoTaroT?

DTanoH: 1] ems Hcrmomb30BaHud CRE: YIYUIIHTE "TIaJKOCTE" H
IIPOCTPAHCTBEHHYIO COTTTACOBAHHOCTE CETMEeHTAIH OHHOM MACKH,
IIONIYUEHHOI OT HelipOHHOI ceTH (HampmMep, U-Net). CeTs MOKeT
BEIJaBaTh "IITYMHEIE", IIHKCEIEHO-HEOJHOPOIHEIE TIpeICKa3aHid, 0cO0eHHO
Ha rpaHmax o0bsekToB. CRF I103BOIIIET yUeCcTh HE TOIBKO BEPOATHOCTE
ITHKCEN I IIPHHAJIeKaTh K1accy (unary potential ), HO I B3aHMOCBA3b MEK Ty
COCeTHIMH ITHKcesMH (pairwise potential). I[Tpmaipmr: CRF — 310
BEPOATHOCTHAA IpapHUecKas MOJIENb, KOTOpad HAKIaapIBaeT IITpad Ha
CHTYAI[HH, KOT' 1A COCEJTHIE ITHKCEITH CO CXOXKEH IBETOROH HHTEHCHBHOCTRIO
(TUTH TEeKCTYPOIT) HMEFOT pa3Hele MeTKH. Taxim oOpa3oM, oHA "CcraaxHBaeT"
MACKY BHYTPH OJJHOPOHBIX PETHOHOB H COXPaHAeT Pe3KHe TPAHUIEI TaM,
I'Jle €CTh CHIIFHENI TepeNal HHTeHCHBHOCTH. OTO IIPHBOIUT K O0ee UETKIHM
H BH3YATbHO IIPHATHEIM Pe3 I TaTaM.

ITK-8.2

Borpoc 8: Kakne oco0eHHOCTH MeIIIHHCKIX H300paKe I (apTedaKTHI,
BApPHATHBHOCTE ) CO3JJAF0T OCHOBHEIE CIIOKHOCTH 71 aITOPHTMOB
CerMeHTAI[HH?

StamoH: 1) Hu3kini KoHTpacT U caaldble TPaHMIBl [ paHHIEl MeK Y
OpraHaMH WIH TKAHAMI YacTO Pa3MEBITHI (HAIIPHMe], IIeUeHb H II0UKa Ha
KT). 2) AHaroMiryeckasd BapHaOeIlbHOCTE: PazMep, popMa H ITOI0KEHIE
OPraHOB CHIIFHO Pa3IHYar0TCA Y Pa3HBIX IMAIHEHTOB. 3) Hannumne
apredakToB: JIBHKEHIE ITAllHEeHTa, IbIXaHHe, ITyIbCallid, MeTaLIIYeCcKHe
nMimTanTel (Ha K'T/MPT), akycTHueckue TeHH (Ha Y 3I).

4) THTeHCHBHOCTH/ TEKCTYpa, He YHHKAIbHAA 11 00beKTa: ONMyXolk MOKET
HMeTh HHTEHCHBHOCTD, CXOKYI0 CO 3[OPOBOI TKaHbI0. 5) YacTHUHBIIT
o0BeMHEIIT 3¢ dekT (Partial Volume Effect): OmiH BoOKCelIs MOKET
COolepKaTh CMeCh TKaHell, YTO pa3MbIBaeT IPaHIIbl. 6) PasHeIil Macirrad
00BeKTOB: Heo0X0omMO OTHOBPEMEHHO CETMEHTHPOBATh KPYITHbIE OPraHbl
H MeJTKHe ITaTOIOTHH (COCY/IBI, MeTacTassl). 7) TpeXxMepHOCTh

TaHHBIX: OO6paboTka TpedyeT OOMBIIINX BEIUHCIHTEIRHEIX PECYPCOB H YUeTa
KOHTEKCTAa MEK/TY CPe3aMH.

OIIK-2.1

Bompoc 9: O6BACHHTE, TTOYeMY alr OpHTM Bogopasaena (Watershed) uacto
IIPHBOJIT K IepecerMeHTaIin (oversegmentation), H Kak 3T0O MOKHO
HCIIPABHTH ITPH CerMeHTAaI[HH KIeTOK Ha MHKPOCKOIIITYECKHX

OIIK-1.3
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