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Pacriosxasanmne, 06paboTka, nHTEpIpeTanus

GUOMEUUMHCKUX CUTHAIIOB, TIOJIET,
n306paxenun

HoBbie TEXHONOTUM MTONIYYEeHUA
n300paXKeHUA 3710Ka4eCTBEHHbIX OITyX0Jen
C UCIT0J/1b30BaHUEM MaTeMaTU4eCKUX

aJiITOPUTMOB

B.H. Coxonos

Kadenpa papnanmnontoi MeAUUMHCKON, 1YYE€BO UATHOCTUKN U TEPATIUN

c oHkonoruen, Ofecckum rocynapCTBeHHbLIN MEAUIIMHCKUN YHUBEPCUTET, YKpanHa

Pesiome

Ilenb pa6oTst — pa3paboTaTh HOBLIE
TeXHOJIOTUW TIONYYeHUs U306 paKeHus
3710KaYeCTBEHHLIX OIYXOJEi MONOYHLIX
)KeJle3 C UCIT01b30BaHWEM MaTeMaTuyec-
KUX QIrOPUTMOB. JleTanbHOMy aHanusy
mozpBeprauck 500 maluneHToB B BO3pACTe
ot 19 1o 76 net, U3 KOTOPHIX ¥ 258 Obin
IIOCTaB/IEH AWNATHO3 — pPaK MOJOYHOMN
xenesst (PMX).

Mammorpadus mpoBowiach Ha COBpe-
MeHHOM MamMmorpade «Alpha-ST7227».
JurnranbHan 06paboTka MaMMOTpaMM
IIPOBOZMIIACH KaK C TOMOILbI0 U3BECTHBIX
MaTeMaTUIeCcKUX AITOPUTMOB, TaK 1 C UC-
II0N1b30BAaHUEM CUHTE3UPOBaHHHIX. Kpo-
Me TOr0, UCIOJb30BANUCh PAa3NUYHbIe
KOMOUHUPOBAHHLIE IUHENHEE N HENU-
HeliHble aNTrOPUTMBL C LieN1bl0 BLIIOJIHE-
HUA HaWLyYLINZ, B CMBIC/IE JOCTOBEPHOC-
TN MHPOPMATUBHOCTY U OLICTPOAENCTBUS,
METOZI0B 06paboTKu.

Pe3ynbrarht paboTH TOKA3a1M, 4To UC-

TI0J1b30BaHUE MATeMaTUYeCKUX aIrOpuT-
MOB IT03BOJIAET MOJLYYNUTb TPEXMEPHOE
n3obpaxenue 06bEKTA U BHIABUTb TOY-
Hble pasmepst PMXK, onpenennts dhopmy,
KOHTYpPH 00pa30BaHUs, YAYILIUTb Kave-
CTBO U300paXKeHUA MyTeM U3MEHEHUs
APKOCTU U KOHTPACTHOCTW, BHIABUTDL Ha-
JMYNe KalbLMHATOB, aCCOLUMPOBAHHBIX
€O 3710KaYeCTBEHHOM OMYX0J1bi0, TPOU3BE-
CTU KOPPEKLMIO MAMMOTPAaMM, UTO IT03BO-
NI€T 3HAYUTEILHO CHU3UTD JIYYEBYIO Ha-
IPY3Ky Ha IMallueHTa NPU IPOBEAEHUN
MaCCOBLIX CKPUHUHTOBHLIX 00CT1e[0BaHUMI
MOJIOUHbIX JKene3.
Kniouessie cnosa: mammorpadus, ung-
poBas 06paboTka MaMMOTPAMM, IUHEN-
HbBIE U HeNWHEeNHbe MaTeMaTnyeckue
QNTOPUTMBL.

Knuu. undopmar. n Tenemen.
2004. T.1. N°1. c.74—80

BBepenune

Pak Mono4HoW Xenesbl Ha YKpanHe, Tak
Xe Kak 1 B OOMbLIMHCTBE CTPaH Mupa,
13 rofla B rof pacteT 1 3aHMMaeT BTopoe
(25% cnyyaeB) MecTo B CTPyKType 3aborne-
BaeMOCTU 1 CMEePTHOCTW OT 3/10Ka4eCTBEH-
HbIX HOBOOOPa30BaHWIM CPEAM KEHLLMH.

CoupanbHoe 3Ha4eHe 3Ton (PopMbI pa-
Ka HacToNbKO BeIVKO, YTO UCCe[0BaHNS
no npobneme paka MX 3aHMMaloT 04HO
13 BedyLUMX MeCT B COBPEMEHHOW OHKO-
nornm.

B HacTofLLiee BpeMS$i B KITIMHMKE MCMOSb-
3YI0TCH MHOTO4UCNIEHHbIE METObI UCCIIe-
[LOBaHWUA XeHWMH C 3aboneBaHnem
MOJIOYHBIX Xene3, HaumnHas oT obLenpu-
HATOW Mammorpadum 1 3akaH4msas MPT
N CUMHTUTpadUHecknuMm nccneoBaHmns-
MU. BHegpsloTCA coBepLUeHHO HOBble
MEeTOAVKM C UCMOMb30BaHNEM TUCTO- U
NMMYHHOXMMUYECKNX MCCIef0BaHNN
1, HECMOTPS Ha 3TO, AMArHOCTVKa 3abone-
BaHWI MONTIOYHOW Xene3bl faneka oT Co-
BepLUeHCTBa. B CBA3M C 3TMUM HamMK Obina
nocTaBneHa Lenb pas3paboTtaTtb psg Komn-
JIEKCHbIX MEPONPUATUN, YTOYHFIOLLMX VH-
TepnpeTaumio BbIABMIEHHbIX U3MEeHeHNN
npy NPUMEHeHNN Harbonee LOCTYNHON
MeTOAMKW NCCefoBaHns, 1 BbIpaboTaTh
PeKOMeHAALMM K CKPUHNHTOBOMY MprmMe-
HeHnio MamMmorpadpun. LeTanbHOMy
aHanusy noaseprnmcb 500 naumeHToK
B Bo3pacTe oT 19 fo 76 neT € pa3nuyHou
naTonoruen MoIo4HOM Xesesbl, 13 KOTO-
pbix y 258 ObINn nocTaBneH gnarHos PMX.

Mammorpadursa npoBoamnack Ha anna-
pate «Alpha-ST7227».

[lna paspelleHns BO3MOXHOCTU Mnpa-
BUNbHOW MHTEpnpeTaumm AaHHbIX MaM-
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Morpadum, a Takxxe ANs yny4ileHns kade-
CTBa MaMMOrpanyecKnx NCCNefoBaHNN,
Mbl MPOBOAMNN AMIMTanbHY0 06paboTky
Mammorpamm. pur 3ToM nccnegoBaHnm
MCNONb30BaNnCh, Kak M3BeCTHbIe, OMNMcaH-
Hble B ITepaType MaTeMaTU4eCKme anro-
PUTMbI yny4LleHus n3obpaxeHns Cobena,
Knplua, Pobeptca, Tak 1 cneumanbHO CUH-
Te31MPOBaHHble anNropuTMbl, HanpaeeH-
Hble Ha yNy4LUeHMe KayecTsa nosy4aemo-
ro nsobpaxenus. [1,2,3]

[ns 06paboTk PEeHTreHCHNUMKOB Obif
MCNONb30BaH NePCOHasbHbIN KOMMbOTEP
«lMeHTym-3-800 MIL» c onepaTVBHOM Na-
MsATbio 512 M0, BUOeokapTon 64 mro,
KECTKMM AnckoM obbemomM 60 M6 m cka-
Hep c bonbLWKM pa3peLleHnem. Hamm mc-
nonb30Banoch, kak cobcTBEHHOE Npo-
rpaMMHoe obecrneyeHue, Tak 1 6ecnnaTtHo
pacnpocTpaHsieMas Nno CeTM MHTEPHET POC-
cunrickas nporpaMMa «Hesperus», kKotopas
BKJIOYAET B Ce0S BCe BbILLE NEPEYUCTIEH-
Hble anropnTMbl 06paboTkK, a Takxe no-
3BOJISIET MOJb30BATENIO MPUMEHNUTL CO0-
CTBEHHbIe Macku pa3mMepami 5X5, 7X7, 9X9.

13 ceMelcTBa N3BECTHbIX aNrOPUTMOB
yny4LieHus n3obpaxeHns Obinu nccneno-
BaHbl, KaK JIMHENHbIE aNrOpUTMbl, CBS3aH-
Hble C UCMONb30BaHNEM Pa3NU4HbIX Bbl-
COKO4YaCTOTHbIX PUNBTPYIOLMX MacoKk,
PEKYPCVBHbBIX BbICOKOHYACTOTHBIX KOPPEKTM-
PYIOLLMX DUNBTPOB C LEeNbio NoAYepKn-
BaHWs (KOHTpacTMpoBaHMs) Manopas-
MEpPHbIX AeTaner, Tak U CEMENCTBO
KOHTPACTUPYIOLLMX HENMHENHBIX anropuT-
MOB, CBSI3aHHbIX C HETMHENHBIM Npeobpa-
30BaHMeM nons ApPKOCTU UCCNeayemMblx
TECTOBbIX PEHTFEHOrPaMM C Lienblo Mony-
YyeHuns cyObekTMBHO bonee MHMDOPMaTUB-
HbIX M300paxeHuI, B KOTOPbIX yCUMBa-
IOTCA NV OTAENbHbIE YPOBHWN APKOCTH,
OTAeNbHble hparMeHTbl U300paxeHUs,
obnapgaiouime 3afaHHbIMM CBONCTBAMM
NnT.o.



Kpome Toro, nccnefoBanich pasnmy-
Hble KOMOUHMpPOBAHHbIE TMHENHbIE U
HerMHEeNHbIe anropUTMbl C LIeSbio BbIMOS-
HEHWs HaWMyYWmrX, B CMbIC/e JOCTOBep-
HOCTU, UH(DOPMATUBHOCTY 1 BbiCTpOLEN -
CTBMS, MeTo0B 0bpaboTkun. [4]

Kputepriem B AaHHbIX MCCNefoBaHNAX
ABNAETCH METOL, SKCNEPTHbIX OLIEHOK, Koraa
B Ka4ecTBe TeCTOBbIX UCMOMb30BaNNCh
PEHTreHOrpaMMbl, Mo KOTOPbIM Obifin pa-
Hee MPaBWUIbHO MOCTaBMIeHbl AMArHo3bl.
Pe3ynbTaTbl NpeobpasoBaHnii npeanara-
NNCb MPaKTUKYIOLWMM BpadaM Ans cpas-
HUTEMbHOM OLEHKN. B pamKax AaHHOMo UC-
cnefoBaHUa MpeacTaBleHo KpaTkoe
onuncaHme UCCNefoBaHHbIX anropuTMOB,
npvBeneHbl hoTorpabuyeckmne UnmocTpa-
LMW MOMYyHeHHbIX pe3yNbTaToB UCCefoBa-
HW 1 BbIBPaHbI MepCneKTUBHbIE 419 Aallb-
Herwero NpUMeHeHWUs anropuTMoB
yIydLLIeHNs N30BpaxeHni.

1. JInneuHbie
aNITOPUTMBI
VIyYLIeHUA
n306parkeHumn

1.1. JIuHeuHaA cBEpPTKA
C BLICOKOYACTOTHON MAcCKOM

Bynem paccmatpuBath n3obpaxeHne
BXOAHOW, NoAeXalllen KOPPeKLUN PeHT-
reHorpaMmbl Kak MacCMB pa3MepHOCTbIO
256x256 anemMeHTOB. Torga BbIXogHOEe
n306paxeHne Q256X256 c noa4epKHyTbI-
MW AeTansgMu MOXET ObITb NMOSy4eHO ny-
Tem AVCKPETHOW CBepPTKM BXOLHOrO 1306-
paXKeHnsa C Mackon pasmMepHocTn 3x3,
obecneyrBaloLLern BbICOKOYACTOTHOE MOf -
YepKMBaHue:

Q(m1,m2)=y). i F(n1,n2) %
nl=0 n2=0

H(m! —nl+1,m2—-n2+1)

B ka4ecTBe Takmx KOPPEKTVPYIOLLMX Ma-
COK MO>eT ObITb MCNoNb30BaHa ofHa 13
HVXKENPUBEAEHHbIX:

o -1 0
H=|-1 5 -1
o -1 0
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-1 -1 -1
H=|-1 9 -1
-1 -1 -1

1 -2 1]
H=|-2 5 -2
1 -2 1

XOT# BCe TPM Macku A3I0T, B NPUHLIMME,
OAMHAKOBbIV 3 deKT, Hanboree Npeanoy-
TUTENbHO MCMONb30BaHMe Macku 1, 4To
CBA3aHO C CyObeKTUBHO Bonee BbICOKMM
Ka4eCTBOM Mosy4yeHHoro o6pabotaHHoOro
1300paxeHns.

1.2. AnTopuTM HEepe3Koro

MaCKUpoBaHUA

B maHHOM anroputMme uccremyemoe
n306paxeHme Kak Obl CKaHMPYeTCs ABYMS
NepekpbIBAIOLIMMUCA MackaMu — annep-
Typamu, ofiHa 13 KOTOPbIX COOTBETCTBYET
HOPMaJlbHOMY paspeLleHuio, a apyras —
NOHMXKEHHOMY. B pe3ynbTaTe nonyvaercs
COOTBETCTBEHHO MacCUB HOPMallbHOTO
n3o6paxeHns F(j,k) (B maHHOM cryyae nc-
XOHOrO 1300PaAXKEHWIs, @ MOXHO MOMy4nTb
npefnBapuTenbHO elle NoAvYepKHyToe) U
MaccuB HedeTkoro usobpaxeHus F(j,k).
[Nanee hopMUpyeTcs MacCnB KOHTPACTM-
POBaHHOTO 1306paxeHs COrNacHo Bbipa-
KEHWIo

F _(jk)=cF(jk) — (1 —c)F (j k)

roe ¢ — 3MAVMPUYecKn NoadrpaemMsii
KO3hhMLVEHT NMPOMOpPLIMOHaNbHOCTU. OBblIY-
HO 3HaYeHMS «C» HAXOAATCS B Mpeaenax ot
3/5005/6, T.e. OTHOLLIEHWMe COCTaBNAO-
LLMX HOPMaNbHOW N MOHWXKEHHOM YeTKOC-
TM U3MeHstoTca ot 1.5 00 5.

1.3. Anroputm
CTaTUCTUYECKOTO
aupdeperHyunposarnua

B OAHHOM anropnTMe 3Ha4eHne ApKoCTn
MCXOOHOro a51eMeHTa AennTtca Ha Ctatnc-

TNYECKYIO OLIEHKY CpefIHEKBAAPATUYECKOrO
oTknoHenus o (j,k)

G(j,k)=F(jk)/o (jk)

roe cpeaHekBagpatnyeckoe OTK/IOHeHWe
BbIHMCIAETCA COrNMacHO BblpaXXeHWIo:

o’(j,k) =% % [ F(j.k) — F(j.k)]1?
J

JkeN (jk)

PacrnosHasanue, 06paboTKa, UHTEPIIpeTALU
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MO HEKOTOPOM OKPECTHOCTW 31eMeHTa
N (j.k)
c koopavHatamu (j, k). Pasmep okpect-
HOCTV NoAbMpaeTcs 3KkCNepUMeHTanbHo,
NCXOAS M3 anpUOpPHbIX NPencTaBieHnn
0 pasMepax VHTepecyioLMX MeyKa naTo-
NOTWIA N AeTanem Ha peHTreHorpamMme.
@Oyrkumna F(j,k) — cpenHee 3HaveHmne
APKOCTU NCXOLAHOMO M300paskeHns B TOHKe
C koopauHatamu (j,k),npnbnuxerHHo
onpeaensemMoe nyTeM CriaxmsaHuns 1300-
PaxeH1s onepaTopoM HWU3KOHACTOTHOM
dunbTpaumm (Hanpumep, ofHOM U3 ce-
LYIOLLMX HM3KOYACTOTHbBIX MACOK):

11 1

1
H=— |1 1 1

9
111
101 1]

_ 1
H=2|1 2 1
11 1]
1 21

_ 1
H=1|2 4 2
1 2 1]

Yny4lueHHoe n3obpaxeHue oTamn4aeT-
CA OT MICXOHOrO TEM, HTO €ro APKOCTb BbilLe
Ha rpPaHNLAaXx, SNemMeHTbl KOTOPbIX He MOX0-
W Ha cocefHne (CyLLecTBEHHO OTNnYa-
IOTCS MO APKOCTU) W HUXKE Ha BCEX OCTalb-
HbIX yqacTkax (puc. 1). CnepyeT OTMeTUTb,
4TO cneundmyeckre yCnoBma NonyveHns
PEHTreHorpamm, CBA3aHHble C y4eBOW Ha-
rpy3KOW, Nony4aemMon NaumeHToM B Npo-
Llecce peHTreHOCKOMMYeCcKoro NccefoBa-
HMA, He NMO3BONAIOT B AOMKHOW CTeneHN
MCMoNb30BaTh XOPOLWO pa3paboTaHHble
1 3chPeKTUBHbIE B IPYrMX 00nacTax ctati-
CTUYecKne MeToAbl, KaK yayylueHus, Tak
1N MOWCKa XapaKTepHbIX NaTonorum, no-
CKOJIbKY OTCYTCTBYET HeOOX0AMMas CTaTuC-
Tnka. Kpome Toro, gocturaemoe npm 1c-
MOJSIb30BAHMM CTAaTUCTUHECKMX alfTOPUTMOB
ynydLleHue «B cpefHeM» ABNAETCH Hefo-
CTaTOYHbIM NPV NPOBEAEHUN UCCIEN0BA-
HUA U yNyHLWeHNa KOHKPETHOW PEeHTreHO-
rpaMmbl.

1.4. AnropurM Koppekuuun
JNINHEUHBIX UCKAXKEHUN,
BHOCUMDbIX YaCTOTHOW
XapaKTepUCTUKON
TeNIeBU3UOHHOWU CUCTEMbI

JINHerHble NCKaXkeHms — 3TO UCKaxe-
HVA, BHOCUMbIE NIMHENHBIMUN ©nokamm

KnnHunyeckaa nHpopmaTuka n Tenemenmumna 1/2004
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Puc. 1. Tuctorpamma PMDK, nony4yeHHasi nytem o6paboTKku peHTreHorpaMmbl
CUCNOMb30BaHMEM CUHTe3MPOBaHHOro HaMW anropuTMa CTaTUCTUYECKOro

AnddepeHLMpOoBaHNA.

n3obpaxatoLmx cmcrem. OHKM onpenens-
IOTCS OTAIMHMEM MMMYNbCHBIX PEaKLIM 3TUX
610KOB OT fenbTa-PYHKLMN.

13 MHOFOYMCIEHHOrO CemMelncTBa Kop-
pPeKTUPYIOLWMX hUNbTPOB ObiN NCNONb30-
BaH [LOBO/IbHO MPOCTOW B peanu3aumnu
1 [,OCTAaTOYHO ObICTPOLAENCTBYIOLLNIA Pa3-
LenfemMbll peKkypCUBHbIM LUEPPOBOMU
UnbTP, NPeobPa3YIOLLIIA OTCHETLI KOPPEK-
TVPYEMOTO 1300paxeHus No hopmMye:

F(j,k)=G(j, k) +

G(jk)— —— x
(N—1)?
g
n/2 n/2
Y Y G(j+ mk+n)

m=—n/2 n=—n/2

Ko puumeHT ycuneHms pasHoCTHOroO
CUrHana g v pasmepbl okpectHoctn N, no
KOTOPOW NPOU3BOAMNTCS YCPEHEHWE, Bbl-
OuvpaloTcs 13 ycnoBMUs annpokCcUMaLmm
TpebyeMol HaCcTOTHON XapakTepucTuKn

KoppekTupyioLlero dunbtpa. Cnenyet oT-
METUTb, 4TO MCMONb30BaHWe NoLOOHOro
MPOCTOro PeKypPCUBHOIO IbTPa BO3MOX-
HO B CIly4ae, KOrAa MckaxaloLlas xapakre-
PUCTKa MMEET NPOCTON BUT, HTO onpeae-
NIAETCS dKCNepUMEHTaNbHbIM NyTem s
KaXk[0ro BUOEOKOHTPOSIbHOIO YCTPOWCTBA.

1.5. AnropurMm nopasneHus
aAAUTUBHLIX ITOMEX

B BUje monoc

U HepaBHOMepHOCTU (oHa

B criyyae, ecnn peHTreHorpaMmbl cka-
KeHbl MOMexaMu B BUAE MOOC U paBHO-
MepHOW 3acBeTKN M300paxeHus, 41O
00bI4HO BbI3BAHO HAPYLLUEHWAMMK, OOMY-
LLEHHBIMW NPY NPOSIBNEHWN, XOPOLLINE pe-
3ynbTaTbl AA€T NPUMEHEHWE CIeAYIOLLEro

PeKypPCMBHOIO OrsbTpa
Glkl)— —— x
' N+1
(1) =
F(k,1) 2 )
Y. G(k+m,) + A
m=—n/2
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Fik]) — —— x
N+1
F(k,1) = o
Y F (k+m,1) + A
m=-—n/2

roe A — KOHCTaHTa, paBHast NoONoBUHE
MaKCMMaJlbHOrO 3Ha4eH1s BUAEeOoCUrHana,
Mcronb3yemasl B Ka4ecTBe OLEeHKN Hens-
BECTHOro CpefHero no kaapy. Kaxabin
113 OAHOMEPHbIX (DUNLTPOB MNOAABNSET MO-
NOCbl B COOTBETCTBYIOLLEM HaNpPaBrieHun.
Mpu 3TOM, pazmep okpecTHoCTK N BbION-
patoT, coobpasysack C pasMepamu nsaTHa
oHa. Ero 4oCTOMHCTBOM AIBSETCS CpaB-
HUTENbHO BbICOKOE ObICTPOAENCTBIME NPU
NPOrpaMMHOW 1 annapaTHOM peanm3aLim.

2. HenmuHeunsbie
MEeToAbl
KOHTPACTUPOBAHUA

B HENMHEMHbIX aNropUTMax KOHTPaCTL-
POBaHMS UCMOMb3YIOTCA HEIMHENHbBIE KOM-
OUHALMN 3HAYEHNI SNEMEHTOB SPKOCTM
n3obpaxeHuns. Mpu 3ToM, C yBENNYeHUS
ObICTPOAENCTBUSA UCMOSb3YIOTCS OKHA, Pa3-
MepOoM, He NpeBbILaloLme 3.

BTOpbIM 3TanoMm fBUIOCk UCMOMb30Ba-
HMe MaTeMaTNYeCKMX anropruTMOB 1S Bbi-
SIBNEHNS XapakTepa HOBOOOPA30BaHMN Npu
3a6051€BaHNAX MOMOYHOWM Xene3bl.

2.1. Anropurm Pobeprca

[aHHBIV aNnropuTM KOHTPACTUPOBaHWS
1 BblAENEHNs NepenagoB PKOCTU UCNONb-
3yeT NPOCTYIO HEMMHENHYIO OnepaLLio Npo-
CTPAHCTBEHHOMO HeIMHEeMHOro anddepeH-
LMPOBAHMA C OKHOM 2X2:

— 12
F(jk)—

F (jk) = ( +
F(j+1,k+1)
— -12
F(Gk+1)— )1/2
F(j+ 1,k)

[pyras onepauunsa npoCTpaHCTBEHHOro
HeNMHeMHOro AnddepeHLPOBaHKS, Tpe-



6y+ou_|,aﬂ MeHblero obbema BbI4MCIIEHNN,
onpepgenaeTcd Bblpa>eHnem

F.(j, k)= |FGi.k) — F(j + 1,k + 1) +
|F(j.k+ 1) — F(j + 1,k)|

PucyHok 2 unmoctpupyet achdekT npu-
MeHEHWs LaHHbIX anropuTMoB Afs obpa-
OOTKM pEHTrEHOrPaMM.

AnroputMm PobepTca no3sonseT c Mak-
CMIManbHO BO3MOXHbIM yCUNEHNeM Noj-
4YepKHYTb TOHKUI COCYAUCTbIV PUCYHOK
TKaHer MOMIOYHOW XXenesbl U, Npu 3TOM,
NPaKTUYEeCKM YCTPaHUTb afAUTUBHYIO CO-
CTaBNAOLLYIO XXMPOBOW TKaHW, COXPaHMB
NX CUNY3ThI.

[ins nony4eHuns TpedyemMoro ycuneHus
COCYAMNCTOrO PUCYHKa AaHHbIN anroputM
L,enecoodpasHo NPUMEHsTb PEKYPCUBHO
B COYeTaHWM C aNnropyrTMOM MOPOrOBOMO Or -
paHnyeHns. Kputeprem B LaHHOM Cly4ae
Takxe ABnseTcs CyObeKTMBHOE MHeHue
Bpaya - aKcnepTa.

2.2. Anropurm Cobena

B paHHOM anroputMe Ans KOHTPacTu-
POBaHMA UCNOMNb3YeTCa HeNIMHEMHbIN one-
paTop C OKHOM 3x3 3nemMeHTOB. HuxXe no-
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Ka3aHbl NCMNONb30BaHHbIe MNP HOPMallb-
HOW 3anmncm 0003HAYeHMS SNIEMEHTOB OKHa.

Al Al A
A | HIK) | A,
A | A | A

[1ns KOHTPaCTMPOBaHWsA Nepenagos fp-
KOCTW BbI4NCIAETCS BEIMYMHA

F(jk)=VX*+ Y2

roe:
X=(A,+2A,+A)—(A,+2A+A)
Y=(A,+2A+A)—(A,+2A,+A)

BeNIMYMHbI A — SPKOCTN 31EMEHTOB
OkHa. bonee ObICTPOAENCTBYIOLLMI BapU-

aHT JaHHOT0 anropuTMa chopMUpyeTcs cre-
LyloLLM 0bpa3om:

Glik)=| x|+ Y|

Puc. 2. Tucrorpamma PMDK, nony4yeHHas nytem o6paboTkn peHTreHo-
rpamMmbl C UCrionb3oBaHMeM anroputmMa Pobeprca.

PacrnosHasanue, 06paboTKa, UHTEPIIpeTALU
6UOMEUIMHCKUX CUTHAJIOB, TIOJIEM,
n3o6paxenun

Pe3ynbTaT 06paboTKM TECTOBBIX M300-
pakeHu c noMoLbio onepatopos Cobe-
na nokasaH Ha pwc. 3.

[MpoBeneHHoe nccnenoBaHue spdek-
TUBHOCTW NMPUIMEHEHWS JAHHOTO anropuT-
Ma AJ15 pelleHs 3aa4qm ynyHweHms kave-
CTBa 1300paxeHN NO3BONSET rOBOPUTh
0 HeM, Kak o0 Hanbonee NepcnekTMBHOM,
KaK C TOYKM 3peHuns ero 3 ekTMBHOCTY,
TaK 1 ObICTPOAENCTBUS.

B pe3ynbTaTe NpUMEHEHWs [aHHOro
anropuTMa npPoOUCXOAWT OTHETIMBOE NOA-
YepKMBaHVE ManopasMepHbIX AeTanen
1 aHOMANNIA, NMPUHEM CYLLIECTBEHHO YMEHb -
WaeTcs agauTVBHAsA COCTaBnsiowas pe-
GepHow TeHK Be3 noTepu MHPOPMaTUBHOM
cocTaBnsioLen 1306paxkeHns neroyHom
TKaHW, NPOCTPAHCTBEHHO NPUKPLITON pe-
OepHbIMY TEHAMMU.

2.3. Anropurm Kupura

AJ'II'OpI/ITM KI/IpLIJa OCHOBaH Ha NCNoJib-
30BaHMM HETMHENHOIO ornepatopa B OKHe
3x3, onpenenaeMoro Bblipa>XeHnem:

G (jk) = MAX {1, MAX |55, — 3T |},

roe: Si=AIFAIFH1+HAIF2;
Ti=Ai+3+Ai+4+Ai+5+Ai+6+Ai+7

WHOEKCbI Y CaraeMblX BbIMUCISIOTCA MO MOLLY -
no 8. MakTudeckn onepatop Knplwa naet
MaKC1ManbHOe 3Ha4YeHme KypCcoBOro rpa-
[VeHTa 6e3 y4eTa spKoCTM B ONOPHOM TOY-
Ke. 2 heKTVBHOCTb NCMOSIb30BaHWA AaH-
Horo onepatopa unmoctpupyetcs [Puc. 4].

2.4. Anropurm Yonnuca

[laHHbIV HeIVHENHbBIV aNrOPUTM OCHO-
BaH Ha romomMopHo 0bpaboTke 1n30bpa-
xeHus. CornacHo 3ToMy MeTofy, ToyKa
nofyepKkrBaeTcs, ecv BenuyrHa nora-
pridMa OT SPKOCTM B 3TOM TOYKe NPeBOC-
XOOWT CpefHee 3Ha4YeHWe norap@mos
SPKOCTEN YeTbipex OnvxanLwmx cocenen.
SneMEeHT KOHTPACTUPOBAHHOTO 1300paxe-
HVSt ONPEenensaeTcs Kak:

G (jk)=LOG|F (jk)| —

4L LOG(A,) —
L LOG(A,)—
4 3
L LOG(A,) —
4

1
— LOG(A),
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[FGk)]*

1
G(jk)=— LOGy ———
4 Al A3 AS A?

OCHOBHOE NMPEUNMYLLECTBO HENMHEN-
HOro norapudmMmn4yeckoro onepatopa
KOHTPaCTUPOBAHUS, KPOME MPOCTOTbI Bbl-
YUCNIEHWI, COCTONT B TOM, HTO OH He YyB-
CTBUTENEH K MYNbTUMAMKATUBHBIM N3Me-
HEeHUAM YPOBHS APKOCTU UMW, OpYrUMin
CfI0BaMU, K HEOHOPOAHOW 3aCBeTKE Tec-
TOBOrO 1300paxeHust. [laHHbIV HenvHen-
HbI1 ONepaTop MOXHO paccMaTpUBaTh Kak
JIMHEMHOE KOHTPACTUPOBaHME C MOMOLLbIO
onepaTtopa Jlannaca 13obpaxxeHns, ypoBHM
KOTOPOro paBHbI lorapydmMam sipKocTu.

2.5. ANITOPpUTM HEeIUHENHOTO
KOHTPAaCTUPOBAHUA MYyTEeM
KOpPeKIUU IMCTOrpamMm

FMcTorpamMma pacnpefenenms spkocTen
TUMUYHOTO M306pakeHUs eCTeCTBEHHOTO
MPONCXOXAEHNS, MOABEPrHYTOrO IMHENHO-
MY KBaHTOBaHWIO, OObIYHO MEET SPKO Bbl-
Pa>keHHbIV MepeKoC B CTOPOHY MarlbIX yPOB-
HeM, T.e. ApKOCTb OOMbLIMHCTBA 31EMEHTOB
n300paxeHus HUXe cpeaHelt. Ha TeMHbIX
yqacTKax nofo0HbIX 1300pakeHNI AeTanm
4aCTO 0Ka3bIBAIOTCA TPYAHO PA3NNYNMbI-
M. OOHVM 13 METOLOB yNy4LLEHWUs TakuX
N300pakeHNI1 OKa3blBaeTCs BUAON3MEHE-
HVIE TMCTOrpamMM, Mpu KOTOPOM MNpefycMaT-
pviBaeTCs Npeobpa3oBaHme spKoCTen 1c-
XOOHOro Kn300paxeHns Tak, 4TOObI
rMcTorpamMMa pacnpenenenms spkocTen Bbl-
XOLIHOTO M300paxeHns NpuHsna xenae-
Myto hopmy.

Peanr3oBaHbl Npeobpa3oBaHs McTo-
rpaMm, MNpu KOTOPbIX FUCTOrpamMma
BbIXOLIHOrO M300paxeHus npuobpertaet
(POPMbI PaBHOMEPHYI0, SKCMOHEHLIMANBHYIO,
Penest, rnepOonMYecKyio 1 CTeNeHHYI0 Co-
OTBETCTBEHHO COMMACHO BbIPaXXeHVIAM:

paBHOMepHast:
G(jik)=| G . .—G._ ]Pf(f) +G,

min

SKCMNoHeHUManbHasa:

G(jik)=G,, — % IN [1—P,1)]

Penes:

G(j,k) = Gmin+

172
1

2¢? LN [ ——
1—P(f)

Puc. 3. Tucrorpamma PMOK, nony4yeH-
Hasi nyTem oO6paboTKM peHTreHorpam-
MbI C UCcnonib3oBaHMeM anroputma Co-
Gena. MNpepcraBneHo o6paboTaHHOe
C nomolubio anroputma Cobena ony-
XoneBoe o6pasoBaHNE MONIOYHOM Xe-
nesbl C HanU4MeM MHGUNbTPaL M.

Puc. 4. MpepcTaBneHo nsobpaxeHue onyxosnieBoro obpasoBaHus,
o6paboTaHHOe c nomoLbio anroputma Kupua.

runepbonunyeckas:

G P (f)

max

G(.k)=G,, +

min

rae P(f) — vHTerpanbHas yHKLWA
pacnpeneneHuis BepOSTHOCTEN, BbIYNCISA-
eTCsi Mo Bcemy 130bpaskeHnio. Bonpoc o Le-
Necoobpa3HOCTY TOrO UKW MHOTO crocoba
KOHTPaCTUPOBAHMA MyTEM M3MEHEHWS M-
cTOrpaMm 1300paxeHus clneayeT peLlaTts
B KaXZOM KOHKPETHOM C/ly4ae, UCXOAS
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13 BUAA MMCTOrPaMMbl UCXOLHOMO 1300-
pakeHus. [1py 3TOM, C TOHKW 3peHns pu-
31010TNYeCKOro MeXaH13Ma BOCTIPUATAA,
XopoLuve pe3yfibTaTbl AAIOT 3KCMOHEeHLM -
anbHasi 1 cTeneHHas akBanm3aumm (Boipas-
HVBaHME) rMCTOrPaMM.

[OCTOVHCTBOM J@HHbIX anropuTMOB AB-
nsieTcs ropasfo Honee TOHHOE KOHTPACTU-
poBaHWe feTanen n3obpaxeHuns, pacrno-
NOXEHHbIX Ha oHe CnaboKOHTPACTHbIX
PparMeHToB, HO NPW TaKOM MOOXOAE Cy-
LLLeCTBEHHO YBENMYMBAIOTCS LWYMbl Npeod-
pa3oBaHMA.



ASIFOPUTMbI HEJTMHEMHOTO KOHTPACTU-
poBaHusA NyTeM npeobpasoBaHms rMMCTo-
rpaMM, Kak MpaBuWio, WMCMONb3YIOTCH
B KOMOVHMPOBAHHbIX anropyTMaXx, BKItova-
IOLLMIX MPOLEIYPbI KaK JIMHEIHOO, Tak 1 He-
NNHEMHOIO KOHTPACTMPOBAHMS.

2.6. AnTopuTM yCTpaHeHUuAa
HepaBHOMEPHOCTU 3aCBETKU
MIeHKU

O4eBNOHbIM HELLOCTAaTKOM MHOTUX PeHT-
reHCHMKOB SIBNAETCS MX HEpaBHOMEpPHas
3acBeTka. B psge cnyyaes 310 CUbHO UC-
KakaeT onpefeneHme UCTMHHOM NIOTHOCTM
TKaHew 1, TeM caMbIM, 3aTpyAHseT 0Obek-
TVBHYIO AVArHOCTUKY.

[ns ycTpaHeHWs Tako HepaBHOMEPHO-
cTn Obin pa3paboTaH MeTon ABYMEPHOM
CnnarH-annpoKCUMaLmMmn UCXOOHOrO 130-
OpaxeHust. C NoOMOLLbIO AaHHOMO MeToa
CTPOUTCA KapKac n300paskeHns Nno 3afax-
HbIM Y3/10BbIM TO4KaM, KOTOPbI 3aTEM BbI-
YUTAETC U3 UCXOAHOMO MN300paxkeHus.
Y310Bble TOYKM A1 KapKaca B 00LLeM Cry-
4yae MOryT ObiTb 3afdaHbl Kak BEPLUMHbI
HEKOTOPOro NPSMOYrofibHMKa Pa3MepPoM
(MxM). B3asucumoct ot senndvH N n M,
pelleTka y3M10BbIX TO4EK MOXET DblThb Ha-
CTpO€eHa Ha BblfieneHne 0ObeKToB, pa3me-
How anpobauuu TpebyeTcs cepus akcne-
PUMEHTOB Y 3KCMEPTHbIX OLLEHOK.

[ns ycTpaHeHuns obuen HepaBHoMep-
HOCTM 3aCBEeTKM CHUMKOB Heobxoamma
annpoKCMMaLmMs N300paxkeHun Ha OTHO-
cuTenbHo bonbLuKX pelleTkax. Hanpumep,
NS n3obpaxeHus 256x256 k Hanbonee
NYYLIUM pe3yNibTaTaM NPUBOLAMIIO UCMOSb-
30BaHue peLueTok ¢ (M x M) = 25..40. Mep-
CNEeKTUBbI UCMOJb30BaHNS AAHHOTO METO-
[la B NPaKTUYECKOWN AMArHOCTVKe [LOSIXKHbI
ObITb M3y4eHbl Bonee AeTanbHO B Xoae
JanbHenWnx IKCNepuMeHTOB.

MprMeHeHne AUrMTansHom 06paboTkm
NO3BONNIO Ham Dofiee TOYHO BbISBNATH
ACUMMETPUIO Y4aCTKOB Xernes, okanumsa-
Lo, pasmepsl, hopmy, KOHTYPbI onyxose-
BOro obpasoBaHus, 1 camoe rnasHoe,
BbIIBUTb HanM4yMe KalbLMHATOB, acCoLM-
VIPOBaHHbIX C onyxonbto [1].

ConocTtaBneHve MammorpaMm 6e3 au-
rmTanbHom 0bpaboTkm ¢ MaMMorpamMma-
MW C AMrnTanbHoOM 06paboTKoM ynyyLLnIo
BbIABAEMOCTb  MWKPOKaNbLMHATOB
Ha 30%,4T0 CNOCOOCTBOBANO YyTOYHEHNIO
3/10Ka4eCTBEHHOIO XapakTepa HoBoobpa-
30BaHuna MX.

Tak, Hanpumep, npu hrbpoageHoMax
B HEKOTOpPbIX HaboAeHNAX OTMeYanucs
KanbUMHaTbI B BUAE ManeHbKMX ribibok,
KOTOPblE MO ObITb MPUHSATHI 338 NPU3-
HaKW 3710Ka4eCTBEHHOCTU. JurntansHas
obpaboTka nosponuna ¢ ybeantenbHom
TOYHOCTbIO UCKITIOYNTL 3710KA4eCTBEHHOE
obpasoBaHue.
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3aKnuyeHue

B pesynbTaTte npogenaHHom aHanuTu-
4ECKOM W1 3KCNepuMeHTanbHoM paboTbl
MO>HO cLenatb cnefyloLye BblBOAb!:

1. Co3paHue v ncnonb3oBaHve an-
rMTanbHom 06paboTkM C UCNONb30BaHMEM
MaTemaTuyeckmx anropmtmos Cobena,
Kunpwa, Pobeptca n ap., ABNSETCA UCKITIO-
YMTeNIbHO NePCNEKTVBHbIM HanpaBneHneM
Pa3BUTUS PEHTTEHOAMArHOCTUKI. bbICTPbIN
BBOA, M300paxXeHWn B KOMMblOTEP
C BO3MOXHOCTbIO ASINTENBHOMO MPOCMOTPa
MX Ha MOHWTOpEe B yAoOHOe [ns Bpaya
BpeMs MO3BONAET PE3KO CHU3UTb NyHeBYIO
Harpysky Ha maumeHTa 1 Bpaya. Boamox-
HOCTb KOMIMblOTEPHOW 00PaboTKM 13006-
PaXeHWI NO3BONSET MONYYNTb AOMOHM-
TeNbHYIO NHMOPMALMIO MO CPaBHEHUIO
C  OObI4HBIMW  peHTreHorpamMMamu.
BO3MOXHOCTb 3anucK peHTreHorpaMm
Ha BHeLLHWe HocuTenu (AMCKeTbl, KeCTKMM
[OVCK 1 Ip.) NO3BOJIAET CO3aBaTh dhdek-
TUBHbIEe BUAEOMHMOPMALIMOHHbIE C1CTe-
Mbl, cofiepaliie 6a3bl AaHHbIX Ha KaX-
[lOro naumeHTa (TeKCToBble AaHHbIe U
Hanbonee MHPOPMaTUBHbIE PParMeHThl
peHTreHorpaMm). Takue 6a3bl AaHHbIX MO-
3BONAIOT ONEPATVBHO KOHTPONMPOBATL BCE
N3MEHEHWs B COCTOSIHWUM BonbHOro. Bos-
MOXHOCTb OOMEHa LaHHbIMM MO CETU MeX-
[y KOMMbOTePaMM PE3KO MOBbILLAET One-
paTMBHOCTb OOMeHa AaHHbIMK Mexay
Bpavamu.

2. [lpuBefeHHble faHHble MO yy4-
LUEHWIO Ka4eCTBa PEHTIeHOrpaMM B LieIoM
[anvi NoNoXuTeNbHble pe3ynbTaTbl. bbino
nMoKasaHo, 41O, B MPUHLMAE BO3MOXHO
yny4lleHvie Ka4eCTBa PEHTreHOrpaMM, Of,-
Hako, B npoLiecce paboTbl BbISCHUIOCh, 4TO
00BEKTUBHbIE OLLeHKM Ka4yecTBa NonyyuTb
3aTPYAHUTENBHO 13-3a TOTO, YTO UCXOAHbIe
n306paxkeHns Obinv BBeLleHbI B KOMMbIO-
Tep C roTOBbIX PEHTFEHOrPaMM.

3. [lporpamMma no3BosigeT, Npu onpe-
[efNeHHOM onbiTe 1 YyCNoBMAX, NOy4aTh
TpexMepHoe 1N300paxkeHne oobekTa, ofiHa-
KO, TO4Hble pa3Mepbl MONY4UTb He npef-
CTaBNAETCA BO3MOXHbIM, XOTS NPW 3TOM
BO3MOXHO TOYHO BbISIBAATL aCMMETPUIO
y4aCTKOB Xenes, onpefensrb lokanmsa-
LMo, ©OPMbI 1 KOHTYPbI, BbISBAATH HaNM-
4ue KanbLMHATOB, aCCOLMMPYEMbIX C OMy-
X0Jbl0. HeAoCTaToK NporpamMmbl 3aKiTtoHaeTcs
B TOM, 4TO OHa paboTaeT ToNbKO € harnamu
cBoero opmaTa, npu 3ToM o4eHb Oonb-
LLIOro pa3mepa, YTo oTpakaeTcs Ha Tpebo-
BaHMAX K NepCoOHanbHOMY KOMMbIOTEPY.
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New technologies for
obtaining of malignant
tumours images with usage
of mathematical algorithms.
Viktor N. Sokolov

Odessa state medical university,
Ukraine

Abstract

In the paper new technologies for
obtaining of malignant tumours images
of mamma with usage of mathematical
algorithms. 500 patients in age from 19
till 76 years have tasted. 258 the diagnosis
breast cancer was represented. Mammo-
graph «Alpha-ST7227» (Finland) was
used. Digital analysis of mammograms
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was conducted by known and synthesized
mathematical algorithms. The different
combinations of linear and nonlinear
algorithms were used too. Usage of ma-
thematical algorithms allows to receive
the three-dimensional image, to get
precise sizes breast tumour, to define the
form, outlines, to improve quality of image
by changing of luminosity and visibility,
to reveal calcinites, associated with a ma-
lignant tumour, to produce correction of
mammograms. That allows to reduce con-
siderably radial load by a patient at reali-
zation of mamma screening inspections.
Keywords: mammography, digital ana-
lysis of mammograms, linear and nonli-
near mathematical algorithms.

Hogi TexHonorii ogep>xaHHs
300pakeHHs 3N0AKiCHMX
NYyXJ/UH i3 BUKOPUCTAHHAM
MaTeMaTUYHUX aNiropuTMiB
B.M. CokorsoB

Onecbkunil fepxaBHUA MeqUYHNI
yHiBepcuTeT, YKpaiHa

Pe3iome

MeTo10 po60TH € PO3POOKA HOBUX TEX-
HONOTiN oflepiaHHA 306paXeHHA 37105-

KiCHWUX MYXAWH MOJIOYHUX 32703 i3 BU-
KOPUCTAHHAM MaTeMaTWYHUX anro-
purMiB. JleTanbHoMy aHanisosi mipnar-
nu 500 manieHTis, BikoM Bim 19 mo 76
POKiB, 3 AKUX V 258 OYB BCTAaHOBIEHU
niarHo3 — pak MonoyHoi 3anosu (PM3).

Mamorpadisa mpoBogunach Ha cydac-
Homy mamorpadi «Alpha-ST7227». [lu-
ritanbHa 06pobKa MamMorpam MpPOBOAU-
jach AK 3a [AO0IOMOTO BigoMux
MaTeMaTUYHUX aNrOPUTMiB, Tak i 3 BU-
KOPUCTAHHAM CUHTE30BaHUX. Kpim 1bo-
T0, BUKOPUCTOBYBANUCH Pi3Hi KoMbiHO-
BaHi niHiiHI 1 HeniHiHi anropurMu 3
MeTO0 BUKOHAHHA HalKpamwux, a came
— pocToBipHUX, iHdopMaTuBHUX Ta
WBUAKOAIOUNX MeToAiB 06pobKMU.

PesynbTaTu po60TH Mokasanu, 1o Bu-
KOPUCTaHHA MAaTEMATUYHUX aTOPUTMIB
LO3BOJIAE Of€pXaTU TpuUMipHe 306pa-
KeHHs 00'€KTa Ta BUABUTU TOUHI PO3M-
ipn PM3, Busznauutu Gopmy, KOHTYp
YTBOpEHHA, MOKPAWUTN AKiCTb 300pa-
XKeHHS WIAAXOM 3MiHW fcKpaBocTi Ta
KOHTPACTHOCTI, BUABUTU HAABHICTb
KaJlbliMHATIB, acolioBaHUX 31 3108Kic-
HO0 MYXJIUHOW0, 3p06UTU Kopekuito Ma-
MOTpaMm, 10 [03BOJIAE 3HAYHO 3HU3UTU
MpoMiHeBe HaBHTAXeHHA Ha MalieHTa
IIPU TPOBEZEHHI MAaCOBUX CKPUHIHTOBUX
006CTeXeHb MOJIOYHUX 3aJ103.
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Kniouosi cnosa: mamorpadis, uudposa
06po6ka Mamorpam, niniixi # Heniniui
MaTeMaTWyHi anropuTMu.
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