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USE OF SOFTWARE IN STUDY OF METHODS OF MATHEMATICAL
PHYSICS IN BIOLOGY AND MEDICINE

The questions of mathematical modeling of various phenomena and processes in various
branches of biomedical engineering are considered. In the modern scientific environment
considerable attention is paid to the methods of evidence-based medicine. For this purpose, specific
mathematical models of objects and processes are used in the form of corresponding mathematical
equations. The solution of these equations is an essential element of the evidence base in medicine
and biology. Obtaining the very analytical solution is a significant value as proof. The development
of methods of analytical solution of the problems of mathematical physics is a significant difficulty
in the process of preparing non-mathematical students, therefore the use of software packages that
provide such an opportunity is expedient and promising. In the educational process, in addition to
lectures and practical classes, it is expedient to conduct laboratory and practical classes, where a
student acquires a special software tool (Maple) and learns to apply it for solving mathematical
problems, in particular problems of mathematical physics. In doing so, he must apply a series of
sequential actions and algorithms.

One of the first tasks in mathematical physics is the need to determine the type of existing
equation and the possibility of obtaining an analytical solution. Different classes of equations of
mathematical physics are considered for solving. Special attention is given to the construction of
equations to the canonical form. In laboratory work, problems of greater complexity can be
investigated in some limited space. These tasks are quite complex, and to solve them, it is usually
necessary to apply methods of separating variables.

The use of software tools for analytical solution of problems of mathematical physics in
medicine and biology is considered appropriate for educational process and research activity and
can be used for modeling phenomena and processes in various branches of biomedical engineering.
This allows to create mathematical models of biophysical phenomena and study the effects of
different initial and boundary conditions.
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OCHOBHBIE ITIPU3HAKHA MOPAKEHUS KOCTEW ITPU MHOKECTEHHOM
MHUEJIOME

Mnuoocecmeennas muenoma - s3mo onyxonesoe 3a060ne6anue 8 KOCHMHOM MO32e, KOMopoe
CUCMEMHO GNUsiem HA CKelem, Mo eCMb MHONCECMEEHHbIE NOPANCEHUS. MO2YM NPOUCX0OUMb 6
PA3HLIX Mecmax cKenemd. J{isi KOIUYECBEHHO20 Onpedenenus o0wull Maccbl ONYXoau, O
yemanoenenust cmenenu 60ne3nu U Olisk NOO20MOSKU COOMEEMCMEYIowel mepanuu, mpeoyemcs
0bvem 6cex nopagicenuti. Tlockonvky 60abUOe KOIUYECBO NOPAXCEHUll Y 00HO20 nayuenmad
3ampyoHsIIOm PYYHYIO Ce2MEHMAYUI0 6CeX NOPANCeHUl, KOIUHeCMEeHHOe onpedeneHue 00ue2o
00vemMa ONnyxonu, Ha Ce200HAWHUL OeHb HeB03MOdCHO. I[losmomy HeobXxooumo paszpabomams
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MemoObl aA8MOMAMU4ecK020 OOHAPYIICeHUs NopadiceHus u ceemewmayuu. B Oaunoil pabome
npugedeHvl  U300padicenus, O0eMOHCMPUPYIOWUe NOPAINCEHUS NPU MHOHNCECMEEHHOU Mueiome,
ONnUCAaHbl OCHOBHbIE NAMOLO2UY KOCIMHOU MKAHU NPU OAGHHOU OONe3HU.

Knwouesvie cnosa: mHOdCeCmMEeHHAs MueloMa, NOpadxceHue Kocmel, o0bpabomka
U300pasicenutl, paHHaA OUACHOCMUKA, ONYXoiesoe 3a001esanue, ceecMeHmayus, KOCMHbI MO32.

AKTyanbHOCTh HANpAaBICHUS aHamM3a W 00pabOTKM MEIUIMHCKHX H300pakeHui
3aKJIIOYAeTCs, BO-TIEPBbIX, B OBICTPOM pa3BUTUU MEIUIIMHCKOM JMAarHOCTUYECKOM TEXHUKU,
OCHOBBIBAIOIICHCSI HA HOBBIX NMPUMEHEHHSIX (PU3NYECKUX METOJIOB MCCIIEOBAHUM, a BO BTOPHIX,
OBICTpOE pa3BUTHE KOMIBIOTEPHON TEXHUKU U METOJIOB MaTEeMAaTUYECKOTO aHalln3a U300pa>keHui
IIPUBEJIM K TOMY, YTO aHAJINU3 HM300paKE€HUIl CcTal HE YMO3PUTEIbHOM, a NMPAaKTUYECKOW 3ajaydei,
KOTOpasi MOXeT ObITh pelleHa MpsiMo Ha pabodem Mecte Bpaya. OOHapy:KeHHE MAaTOJIOTHYECKHUX
MPOIECCOB SBISIETCS OJHOW W3 BaXHEWIIMX 3a7ad oOpabOTKM W aHalu3a MEAUIUHCKUX
M300paXEHUI; MPU 3TOM KaK U3BECTHO, paHHSA JUArHOCTHKA PA3IUYHbBIX MATOJIOTUH, BKIIIOYAs pakK,
3HAYUTEIHHO YBEJIMYMBACT IAHCHI BOCCTAHOBIICHUS MaleHToB [ 1-3].

MmuoxxectBeHHass muenoma (MM) - 3TO OMyXoib UMMYHHOH CHCTEMBI, NIPU KOTOPOH B
KOCTHOM MO3I€ HAXOAAT aHOMAJbHBIE INIA3MaTHUYECKUE KIIETKH, SBIIAIOIIMECS Pa3HOBUIAHOCTHIO
OeIbIX KPOBSIHBIX TEJEl, KOTOPbIE B HOPMaJIbHOM COCTOSIHUU BbIpAa0ATHIBAIOT aHTUTENA Il O0PHObI
¢ WHGEKUMSAMU WM JPYTUMH CJIOBaMH OTO pPaK KpPOBH, BBI3BAHHBI MOHOKJIOHAJIBHOM,
37I0Ka4€CTBEHHOM TpaHchopMaIueil mia3smMaTuyeckux KIEeTOK.

MHoxecTBEHHas: MUEJIOMa SIBJSIETCSI BTOPBIM HanOoJjee paclpOCTPaHEHHBIM PaKOM KPOBHU:
Ha 100000 >xuteneil B roJ1 BBISBICHO 3-5 HOBBIX City4aeB 3aboneBanus [4, 5].

XapaktepHbiMH depTaMu MM SBISIIOTCS TMOpaKeHHWe KocTHOro wmosra (auddysHoe,
mud¢y3HO-04aroBoe, pexe — O0YaroBO€), COIMPOBOXKAAIOIIEECS KOCTHO-AECTPYKTUBHBIMU
U3MEHEHUAMHU (0CTEONOPO3, OCTEONIN3), U Pa3BUTHE MOHOKJIOHAIIbHON UMMYHOTJI00YIMHOIIATHH.

ITo cranmpaptHoit MeToguke MPT npou3BOIUTCS B CarUTTAIbHOM M aKCUAJIbHOM TIOCKOCTSIX
T2-B3BemenHoro THMa, nMpu HeobOxomumoctu nomonHsemoe T1-B3BemenasiMu MPT B pasHbIX
IJIOCKOCTSIX, a Takke MPT ¢ noxgasnenuem xupa.

[To3zBoHOYHUK cocTOUT U3 5 otaenoB (puc. 1). B ocHOBe mo3BOHOUYHOTO CTOJI0A JIexkat 29
MIO3BOHKOBBIX KOCTeH. B 1mIeliHOM, TpyJHOM M MOSICHUYHOM OTHAE€JaX BBIAECIAIOT 3 TPYIIIbI
CTPYKTYPHBIX AJIEMEHTOB:

—  Teja MO3BOHKOB U MEKII03BOHOYHBIE TUCKHU;

—  JIyTH U OYyrOOTPOCTYATHIE CYCTaBbI;

MSITKUE TKAHU, CBSI3KM U CTPYKTYPBl HEPBHOU CHUCTEMBI.

Teno mo3BOHKA COCTOUT U3 TyOUAaTOro BEIIECTBA, 3aM0JHEHHOTO IeMOIIOITHYECKON TKaHbIO
U JKHPOM, M 3aMbIKaTelIbHBIX IIacTHH. JKupoBass TKaHb B Tele NOsBIAETCS Cc 6-7 JeT U
YBEJIMUUBAETCS Ha NpoTskeHuu ku3Hu. [Ipu MPT 310 coorBeTcTBYET yBenuueHuto curHana Ha T1.
Mexnay TenamMu HaxOAATCS MEKIIO3BOHOYHBIE JUCKH, COCTOAIINE U3 KEJIIATUHO3HOIO IYJIBIIO3HOTO
aapa u ¢ubposHoro kospua. [Ipu MPT nynsnosnoe siapo sipkoe Ha T2, pubpo3HOe KOIBLO H
npobonatoue BojiokHa (Lllapmest) runouHreHcuBHB. B 3amHeld wWacTh  OUCK  TOJIIE.
Backynspuzanus aucka ucyesaer B §8-10 et u ganpiie ero nuraHue UAET myréM auddy3un u3
MIPUJIETAOIIET0 KOCTHOIO MO3Ta.

IlepenHue CTPYKTypHBIE 3JIEMEHTHI JIONOJIHSKOTCA 2 JUIMHHBIMH CBA3KAMHM — IEepeaHEen
NPOAONBHOM M 3agHel mpomonbHOH. OO0e OHM TUMOMHTEHCHUBHBI M CIMBAIOTCS C TElNaMU U
(uOPO3HBIMU KOJIBIIAMH, 32 HCKJIIOYEHHEM YpPOBHS 4-5 MOSCH., T€ Pa3BUT 3MUIYpPAIbHBIN XXKUP U
3aHsA NPOAOJbHAs CBSI3Ka OTCTAET OT Teln. Mexny 3alHUMHU CTPYKTYPHBIMHM 3JE€MEHTaMHU
pPACIIOJIOKEHBl KOPOTKHE CBSA3KH: JKENTBIE MEXAY IyraMH, MEXOCTHUCTBIE W HaJOCTUCThIE. B
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LIEMHOM OTJEJIe BMECTO HaJOCTUCTOM CBSI3KM IPOXOIUT BbIHAs CBs3Ka. Bce OHM HMEIOT
IpOMEKyTOUHbIN curHai npu MPT no3BoHo4HMKA.

KpecTUOBEI
J

KDITYHKO BB

Pucynok 1 — Cxema no3BOHOYHHKA

[ToaBMKHOCTH 1O3BOHOYHMKA 00ECHEYMBAETCS CHUMMETPUYHBIMU  JYrOOTPOCTYATHIMU
cyctaBaMd. OHH 00pa30BaHbl BEpXHHM CYCTAaBHBIM OTPOCTKOM HHXKEJIEXKAIEero IO03BOHKA U
HUKHUM CYCTaBHBIM OTPOCTKOM BBILLIEJIEKAIIETO MO3BOHKA. MSArkue TKaHU U CBA3KU 00pa3yroT
karcyiy. [Ipy MPT oHu BUIHBEI Ha IapacaruTTAIbHBIX U MONEPEYHBIX cpe3ax. B HopMe KuaKocTh
B CyCTaB€ HE BUJHA.

[TosscHuuHBIM OTHAEN HEcET HaMOOJBINYI0O HArpy3Ky, Teja MO3BOHKOB 3/1€Ch MAacCCHBHBIE.
3aiHUEe TpaHUIbl MEXKIO3BOHOYHBIX TUCKOB BOTHYThIE, Kpome ypoBHeW L4-5 um L5-S1, rne onu
cllerka BbINYKJIble B HopMme (puc. la). /lyrooTpoctyarsle cycTaBbl 0OraTo MHHEPBUPYIOTCS, YTO
urpaer poiib B ¢GopMupoBaHuu OoneBoro cuHapoma. CycTaB, MOKPBITHIA JaTepaibHON YacThbIO
KENTON CBSI3KM, OTPAaHMUYMBAET MEKIIO3BOHOYHOE OTBEpcTHE c3agu. Crepeau OHO OrpaHU4YeHO
3aMbIKaTEIbHBIMU IUIACTUHAMH, JMCKOM M BOJIOKHAMH 3aJHEW MPONOJIbHON CBs3KH. CBeEpxy u
CHHU3Y OTBEPCTUE OIPAHUYEHO HOKKAMM JYI CMEKHBIX ITO3BOHKOB. BEpXHsS MOJIOBHHA OTBEPCTHS
3aHATa KOPEIIKOM, TaHIJIMeM, KOpEIIKOBbIMU apTepuell u BeHoWl. CHuHHOW MO3r OOBIYHO
KOHYaeTcsd Ha YpOBHE |-2 MOSCHUYHOrO NO3BOHKA, Jaibllle MAET KOHCKMM XBocT. Kopemku
BBIXOJIAT KOCO TOJ1 yriiom 45°.

Paccmorpum MPT nosicHn4HOro ortzaena Mo3BOHOYHMKA B HOPME W IIPU NATOJOTHH IS
HarJsIIHOTO UX CPABHEHUS U TOHUMaHMs 0COOEHHOCTE.

[Tpu MPT no3BoHouYHHKA B HOpME (puc. | a) 3aJiHUE OTIeINbI AUCKOB Ha ypoBHe L1/2-1L.3/4 B
HOpME BOTHYTHIE, Ha ypoBHe L4/5-L5/S1 — cnerka Beimykisie. CycraB xopomo BujaeH npu MPT,
MTOKPBITBIA JIATEPAIIBHOW YacCThIO JKEJITOM CBSI3KM, OH OrPAHUYMBAET C3aad MEKIIO3BOHOYHOE
orBepcThe. CBepXy M CHM3Yy OHO OIPAaHMYEHO HOXKaMHU IyI CMEXHBIX IO03BOHKOB. Crnepenu
OTBEpPCTHE OTPAaHUUYEHO 3aMBIKATEIbHBIMU IJIACTUHKAMU, MEKIIO3BOHOYHBIM TUCKOM U BOJIOKHAMU
3alHEH NIPOAOIIBLHOM CBA3KHU.

[Ipu maromorun (puc. 1, 6), Korjga HMEIOTCS TMOPAXKEHUS KOCTHBIX YYaCTKOB,
PEHTIeHOJIOTHYECKas KapTHHA MHUEIOMHOTO TOpaXeHHs KOcTeid B OOJBIIMHCTBE CIIy4aeB
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BbIpaKaeTcsi B Haluyuu JU(Qy3HOro pa3pekeHUs KOCTHOM TKAaHU U OYaroB JECTPYyKLUHUU
Pa3IMYHOM, Yarie OKpyriioi GopMbl, ¢ YETKMM KOHTYPOM, pazMepamMu B cpeaHeM ot 1 1o 15 mm, He
CIIMBAIOIIUXCS MeXAy coboi. CamMo Tejo MO3BOHKA MM3EHSET CBOIO (OopMy M U3 HOPMAJIbHOH, C
YeTKUMHU TPAHMIIAMHU, TPABUIBLHOW (OPMBI M OJXHOPOIHOW CTPYKTYpOH, M3MEHseT (opMy Ha
JIBOSIKOBBITHYTYIO JTHOO € BBITHYTOCTH TPOSBISIETCS TOJBKO C OJHOW CTOPOHBI, CTPYKTypa
CTAHOBUTCS TIOPUCTOM, MEKIO3BOHOUHBIN TUCK Ha mM3o0pakeHnn MPT He mMeeT yeTKuX TpaHUIl

[5, 6].

Pucynok 1 — MPT nosicHuyHOTro OT/I€7a TO3BOHOYHUKA B HOpME ()
u pu natosoruu (0)

[TopaxkeHne ckemeTa MOXKET COMPOBOXKIATHCS JehopMalusIMu depera, pedep, TPyIUHBI,
MO3BOHKOB U JIPYTUX KOCTEH. JleCTpyKTHBHO-OCTEOMOPOTHYECKHUIT TIPOIIECC B MMO3BOHKAX MPUBOIUT
K UX YIUIOIIEHHUIO, U3MEHEHUIO (OPMBI (KIMHOBUAHAS, YCUEBUIETIONO0HAs, «PbIObH TTO3BOHKNY) U
K MATOJOTMYECKUM IepesoMaM (puc. 2). Hacto ovaru JecTpyKIMKA U OCTEOJIM3KMCA BBISBISIOTCS B
pebpax [4].

Pucynok 2 — KomnpeccrnonHbli iepenoM 6e3 cMmelieHus no3Bonka L3 y 6omapHOM
MHOXecTBeHHOU Muenomoil. KomnbroTepHast Tomorpadus

Jns nuddy3Hoit GopMbI XapaKTepHO HAJIMYME CUCTEMHOIO Pa3peXeHUs KOCTHOM TKaHU —
ocTeornopo3a 0e3 MPUCYTCTBUS OYAroBbIX JeCTpyKIMs. JlaHHBIH OCTEONOpPO3 MOMKET HOCUTh
XapakTep MEIKO3EPHUCTOr0, a MHOI/Ia MOXKET ObITh Ipy0O3epHUCTBIM WIIM MSATHUCTBIM, Yallle TpU
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JoKaNu3aluu B pedpa3 U KOCTAX Ta3a, a B MPOKCUMANbHBIX Auadazax KPYMHBIX TPyOUaThIX KOCTEH
(6enpeHHBIC U IJICYEBBIE) MOXKET UMETh CETYAThI PUCYHOK [7].

Ha pucynke 2 u3oOpakeHa CHOHIWJIOIpaMMa B JIEBOM OOKOBOM MPOEKIMH MOSCHUYHOTO
OTJIeJIa I03BOHOYHHUKA, ONPEAEIIAETCAN aTOJOTNYECKUI KOMIIPECCUOHHBIN MEPEIOM B BUJIE PE3KOTO
YMEHBUICHHUsI BBICOTHI Tena L2 mo3BoHKa B mepeaHux ero otnenax (KIMHOBHAHAS aedopmanus),
BJIaBJICHHOCTh BEPXHEH 3aMbIKaTENbHOM IUIACTUHBI, a TaKXKe y4acTOK IMPOCBETJICEHUA B Jayxkke L3
II03BOHKA.

Hanuuue oyaros aectpykiuu 0e3 MpU3HAKOB OCTEOINOPO3a OTMEUAETCs PU MHOKECTBEHHO-
oyaroBoii popme MM.

OO6b1yHO 1Ip MM mopakaroTcsi Tena MO3BOHKOB, HO HEPEAKO B MATOJIOTMYECKUN MPOLece
BOBJIEKAIOTCS JIy’)KKHM, IIONEPEUHbIE M OCTHUCThIE OTPOCTKM, SIUIAPYyAJIbHOE IPOCTPAHCTBO
MMO3BOHOYHHUKA, YTO MPHUBOJUT K KOMIIPECCHM CIMHHOIO MO3ra M ero KopemkoB. Kommnpeccus
CIIMHHOTO MO3Ta TaK)X€ MOXET ObITh O0OyCIOBIIEHAa MATKOTPKAHHOM SMUAPYaTbHON MHEIOMOH,
KOTOpasi HE CBSI3aHa C OIyXOJIbIO B IMO3BOHKAX [8].

Taxoke B mporecce MpOTeKaHUsi 00NE3HH Ha (OHE OCTEONOopO3a U OCTEOJAECTPYKTUBHOTO
mpolecca  BBISBJISIOTCS — MATOJOTMYECKHE KOMIIPECCHOHHBIE TEPeIOMbl  Tel  MO3BOHKOB
(YMeHbIIICHHE BBICOTHI T€Ja MO3BOHKA, KJIMHOBUAHAS NeopManusi, pa3pylIeHHE 3aMbIKaTeIbHBIX
IJIACTUHOK), a TAaK)Ke pa3pylIeHue ux gyxek (puc. 3).

Pucynok 3 — lugdysno-ouarosas popma MM, |l cranus

[Ipn MarHuUTHO-pe30HAHCHOM ToMoOrpaguu MHUENOMHBIM oOuar BH3yaJU3UPYETCS Kak
OKPYTJIbIM y4acTOK CHM)KEHHOTO CUTHaIa Ha (JOHE coceIHEeH HermopakeHHONW KOCTHOM TkaHu Ha T1-
B3BEIICHHBIX TOMOTpaMMax, Ha T2-B3BEIIEHHBIX TOMOrpamMMax u B pexume STIR (pexum
MOJIaBJIEHUs] CUTHAJla >KMPOBOM TKaHM); OH XaKaeTepu3yeTcsl CHUTHAJIOM IOBBIIIEHHON
uHTeHcuBHOCTU (puc. 4). Ilpu auddys3noit popme MM BbIsiBIsSETCS paBHOMEpHOE, O€3 Ouaros,
NoHWXKeHne cMraga Ha TI1-BM oT Bcex mNOpa)keHHBIX KOCTEH W paBHJIOMEDPHBIM, CIErKa
HEOJTHOPOAHBINA curHai Ha T2-BU.
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Pucynok 4 — MP Tomorpamma menHoOro, rpyAHOro ¥ MOSCHUYHOIO OT/IEI0B
II03BOHOYHHKA, HA KOTOPOU OIPEIENISIFOTCSI MHOXKECTBEHHBIE IECTPYKTHBHBIE
n3MeHeHns C2-L3 mo3BOHKOB B BUjI€ y4aCTKOB OKPYTJIONT HENPaBUIBHOM (HOpMBEI

Ha pucynke 4 nzo6paxkena MP tomorpamMma meiHoOro, rpyJHoro 1 MOsICHUYHOTO OTAENIOB
[I03BOHOYHHUKA, ONPEIEISIOTCS MHOKECTBEHHbIE JeCTpYKTUBHbIE U3MeHeHUs! C2-L3 nmo3BoHKOB B
BUJIE YYAaCTKOTB OKpYIJIOW U HempaBWiIbHOWH (opmbl, pazmepa oT 6 mo 30 MM, uMerolue
noBbllieHHbIH MP curnan nHa T2 BU u nonmxenssiii curHan Ha T1 BU. B nectpykTuBHBIiM
MPOLIECC BOBJIEUEHBI TeNa, AYXKKH U OCTHUCTBIE OTPOCTKH MO3HOHKOB [9]. OTO0 HEobxoaumo
YUUTBIBATh MPU KOMIIBIOTEPHOM IIAHUPOBAHUU XUpYypruueckoro yeueHus [10].

BbBIBO/IbI

[ToBeICcHTh OOBEKTUBHOCTh JWAarHOCTUKA MHEIOMHOM OOJIE3HM BO3MOXKHO 3a CYET
aBTOMAaTU3MPOBAHHOM KOMITBIOTEPHOM 0OpabOTKM M aHalu3a ToMorpaduueckux nzobpaxeHuil. B
MIEPBYIO OYEPE/b, NECTPYKTUBHBIE MPOIECCH] PA3BUBAIOTCS B IMJIOCKUX KOCTAX U MMO3BOHOYHUKE, HO
BO3MOYKHO OCTEOJUTHUYECKOE TMopakeHue TpyOuarelx KocTel. IlopakeHue ckenera MOKET
COIMPOBOXAAThCA JedopManusiMu yepena, pedep, rpyAHHbI, M03BOHOYHUKA. [loaTomMy, B mepByro
ouepesb, HEOOXOAMMA HMHTEPNPHUTALUS U3MEHEHHH T'€OMETPHUECKUX XapaKTEpUCTHK KOCTHBIX
cTpykTyp. Ilpu 3TOM BBIsIBJI€HHE BCEX MOBPEXKJIEHUN B TAKOM OIPOMHOM HabOpe JaHHBIX, TOUHOE
U3MEpPEHUE U OTYETHOCTh HX PACIOJIOKEHHS B aHATOMUYECKOW CHCTEME OTCYETa, IOBTOpHAs
UJCHTU(PUKAIUS MECT MOpPaXEeHHs, a TaKXKe OILEHKa W3MEHEHUN KOCTHBIX OOBEKTOB, KaK Ha
MECTHOM, TaK M Ha INI00AJbHOM YPOBHE SIBISETCS 3HAUMUTENIBHOM MPOOJEeMOM A KIMHUIUCTA-
paauonora. [loaToMy, B mepcrneKkTHBE IJIaHUPYETCs pa3padoTKa KOMIBIOTEPHON CHCTEMBI,
MO3BOJISIONIE MPOBOAUTH JUArHOCTUKY MHEJIOMHOM OOJIE3HM HE TOJNBKO IO aHAIU3y
ToMOrpaueckux JaHHBIX, HO U MO0 pe3yJbTaraM JpYrHMX HCCIEIOBaHUN U y4eToM
WH/IMBUyaJIbHOM BapHaOeIbHOCTH.

Cnucox ucnonb308aHHbIX UCMOYHUKOS.
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Avrunin O. H., Abramova A. A.
MAJOR SIGNS OF BONE DAMAGE IN MULTIPLE MYELOMA

This article is devoted to the main signs of bone damage in multiple myeloma, identified by
MRI. MRI allows direct visualization of the tumor component and its relationship with the adjacent
soft tissue structures. The relevance of the direction of analysis and processing of medical images
is, firstly, in the rapid development of medical diagnostic technology based on the new application
of physical methods of research, and secondly, the rapid development of computer technology and
methods of mathematical image analysis have led to the fact that the image analysis has become not
speculative, but a practical task that can be solved directly in the workplace of a doctor. Detection
of pathological processes is one of the most important tasks of processing and analysis of medical
images; at the same time, as is known, early diagnosis of various pathologies, including cancer,
significantly increases the chances of recovery of patients.

The aim of this work is to study the signs of multiple myeloma, the nuances of its influence
on the human body and the features of the manifestation of modern methods of visualization.

This article describes the main features of imaging MM, its reflection on the musculoskeletal
system, the images showing lesions, as well as images of MRI of the lumbar spine in normal and
pathological conditions.
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Modern imaging techniques such as magnetic resonance and x-ray computed tomography
are informative methods for diagnosing bone destruction syndrome in the vertebrae. Their results
allow to identify and assess the foci of destruction in the vertebrae, as well as to clarify the
prevalence of the process. An integrated approach to the examination using an optimized algorithm
can improve the effectiveness of early diagnosis of MM, to fully assess the prevalence of the
pathological process and choose the tactics of treatment.

Detection of multiple myeloma manually, that is, «on the eye» of a specialist, is a routine
process, and there is a high probability that the so-called places of interest will be unnoticed, which
can lead to irreversible processes associated with human life; in addition, a large number of lesions
in one patient make it difficult to manually segment all lesions, so it is impossible to quantify the
total volume of the tumor on the new year's day. Therefore, it is necessary to develop methods for
automatic detection of lesions and segmentation.

Keywords: multiple myeloma, bone lesion, image processing, early diagnosis, tumor
disease, segmentation, bone marrow.

ABpyHin O.T'., AopamoBa I'. A.
OCHOBHI O3HAKH YPAKEHHSI KICTOK ITPH MHOKUHHIN MIEJIOMI

Jlana cmamms npucesuena 0CHO8HUM O3HAKAM YPAACEHHS KICMOK NPU MHONCUHHIU MIEIOMI,
susgnenux 3a oonomoeoro MPT. MPT oOae wmodxcnugicmo npsamoi eizyanizayii nyxXaiuHHO20
KOMNOHEHMA i CNiBBIOHOWEHHS 11020 3 NPUNE2IUMU MACKOMKAHHUMU CIMPYKmMypamu. AkmyanvHicme
HanpsAmMKy aHaniszy i 06poOKu MeOUUHUX 300pajceHb Noas2de, no-nepuie, 8 UEUOKOMY PO3EUMKY
MeOUuHOI 0ia2HOCMUYHOT MEXHIKU, WO SPYHMYEMbCA HA HOBOMY 3ACMOCY8AHHI (DI3UUHUX Memodi8
00CidJHCERb, A No-0py2e, WBUOKUL PO3BUMOK KOMN TOMeEpPHOI MexXHIKU i Memooie MamemMamuiHo2o
amanizy 300pasicenb npugeru 00 MmMO20, WO aHAN3 300padj;ceHb Cmas He YMO2NAOHOI, a
NPAKMUYHUM 3A80AHHAM, AKe MOdce OYMuU UPIULEHO NPAMO Ha pobouomy micyi aikaps. Bussnenns
NAamoociYHUX Npoyecié € OOHIEI 3 HAUBANCIUBIUUX 3a0ay 00pOOKU ma aHalizy MeOudHUX
300pasicens,; NPu YboMy 5K 8i00MO, paHHs OIA2HOCMUKA PIZHUX NAMOLO02IU, BKII0YAIOYUU PAK, 3HAYHO
30LIbULYE WAHCU 0OYHCAHHS NAYIEHMIS.

Memoro 0anoi pobomu € 8UUeHHs 03HAK NPOE MHONCUHHOI MIENOMU, HIOAHCIB iT 8NIUBY HA
Op2aHi3M TIOOUHU I 0COOIUBOCMEl NPOABY HA CYUACHUX MemOoOax 8i3yanizayii.

Y oanin cmammi poszenanymi ocnoemi o3naxu eizyanizayii MM, ii eidobpadxcenus Ha
ONOPHO-PYX0BOMY anapami, HABeOeHi 300padCeHHs, U0 OeMOHCMPYIOMb VPANCEHHS, A MAKONC
s00padicennss MPT nonepexogoeo 6i00iny xpebma 6 HOpMi ma namoozii.

Cyuacni memoou gi3yanizayii, maxi AK MASHIMHO-PE3OHAHCHA MA PEeHM2eHiBCbKA
Komn'tomepua momoepagin € iHopmamueHumu memooamu O0iaeHOCMUKU CUHOPOMY KICMKOBOI
Oecmpykyii 6 xpebysx. Ix pezytomamu 0o3eonarome eussumy i OYiHUMU 602HUWA OeCMPYKYII 6
Xpebysx, a makodxc ymouHumu nowiupenicms npoyecy. Komnnexcnuti nioxio npu npoeedenmi
oOcmedicenHss 3 BUKOPUCMAHHAM — ONMUMI308AHO20  ANOPUMMY  0036014€  NIOBUWUMU
epekmusHicmov  panuboi  Odiacnocmuxku MM, 6 nosHomy o06ca3i oyiHUMU  NOUWLUPEHICTD
namono2iuHo20 npoyecy i 6ubpamu maxkmuxy J1iKy8aHHs.

Busignenns mHoscuHHOT Mienomu 8pyuHy, moomo «Ha oko» axieys, € pymuHHUM NPOYECOM,
a MaKoHc 3aNTUUAEMbCS 8eNIUKA UMOBIPHICMb WO 6Y0yMb HeNOMIYeHUMU MAK 36aHi Micys iHmepecy
Wo Modce CnpuduHuUmu 3a cooo He380pOMHI Npoyecu, No8'si3ami 3 NOCLKUM HCUMMAM, KPIM
Mo20 B8euUKa KilbKiCmb NOpA30K y 00HO20 NAYIEHMA YCKIAOHIOIOMb DYUHY Ce2MeHmayilo 6cix
NOpAa30K, MoOM) KINbKICHEe BU3HAYEHHS 3A2allbHO20 00CA2Y NYXAUHU, HA CbOLOOHAUWMIL OeHb,
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Hemodicauso. Omoice, He0OXIOHO po3pobumu Memoou ABMOMAMUUHO20 BUSGIEHHS YPANCEHHS 1
cezmenmayii.

Knrouosi cnosa. muodcunHa Mienoma, ypaxceuHs KiCmok, o0poOKa 300padicenb, pAauHs
O0iacHOCMUKA, NYXTUHHE 3aX80PI0BAHHS, Ce2MeHMAayis, KICMKosUll MO30K.

Peyenzenm

Cmamos

YK 615.47:616.5-002
Tpyouusin A. A., Ucaesa O. A., Knumenko B. A., ABpynun O.TI'.

NHCTPYMEHTAJIBHBIE METO/bI OHEHKHN COCTOSHUSA
KOXH TP ATOITMYECKOM JEPMATHUTE

Ha ceeoonsiuunuii O0ewb OCHOBHBIM UHCIMPYMEHMOM UCCAO08AHUSL 6 OepMAmoN0cUu
ABIAIOMCA KIUHUYECKUe UCCIeO08AHUSL, MAKICEe WUUPOKO NPUMEHSEMC sl UCNOIb308AHUE MEeCTNO8bIX
cucmem. Cywecmeenuo OONONHAIOM Kapmumy OUASHOCIMUYECKUX uccnre006anull
UHCMPYMEHMATbHble CROCOObL OYEeHKU MOPHOPYHKYUOHATLHO20 cocmosinus Kooicu. [Iposedenmbiil
AHANU3 CYWECMBYIOWUX MeMO008 OUACHOCTUKU U UCCTIe008AHUL KOJNCHbIX 3A001e8aHUl, 8 MOM
yucie u amonudecKkoeo 0epmMamuma, no3eoJisien cOoenams 8ble00 00 AKMYAIbHOCHU NPOBEOEeHUs
OdanvbHelue20 NOUCKa, papabomku U yco8epueHCmMBE08anull OUACHOCMUYEeCKUX Memo0os.

Kniouesvie cnosa: amonuueckuii oepmamum, MOPQORO2Us KONHCU, UHCMPYMEHMAIbHbIe
uccne008anusl, 0epmamocKkonusl.

IlocranoBka mpo6Jjembl. Atonmueckuii jgepmMatut (AT/l) - 23TO TCHETHYECKH
o0yCIIOBIEHHOE  3a00JIeBaHWE, HMEIOIIee XPOHWYECKHH  pPEHUAMBUPYIOIIEE TEYCHHE C
ONpeEICHHON BO3PAaCTHOM NMHAMMKOM, KIMHUYECKU MPOSBISAETCA MEPBUYHBIM 3yJ0M, HalyjlaMu
(B meTcTBe - TaIyJOBE3WKyJambl) M JIMXCHH(UKAWEH B COYETAHWU C JPYTUMH IpPU3HAKAMHU
atonuu. AJl sABIAeTCS 4YPE3BBIYAMHO PACIHPOCTPAHEHHBIM JI€PMATO30M, YacTO C TSKEIBIM
TeueHueM. B cTpykType KOKHBIX 3a0oseBanuii yactora AtT/l, mo pa3HbIM JaHHBIM, COCTaBJISET OT
20 no 40 %. Kak cBHIETENbCTBYIOT pe3yibTaThl uccieqoBaHui, ATJ] vamie oOHapyXHBalOT Y
MOJIOJIBIX JIIOJIEH, YeM Yy B3pocibiX. boneroT mpencraBuTesnn OOOMX IOJIOB, HECKOJBKO 4Yallle
KECHILMHBI.

AJl BO3HMKaeT y JIOJEH Bcero Mupa M Bcex pac. B TedeHue mocineaHMX AeCATUIICTHH
pacrpocTpaHEeHHOCTb 3a00JI€BaHNs 3HAUUTENBHO yBenuuuiach [1].

CoBpeMeHHbIE KPUTEPHUH J0KA3aTeNbHON MEIUIMHBI IPEABSBISAIOT O0bIlINE TPEOOBAaHUS K
JOCTOBEPHOCTH CPEACTB MEIMIMHCKOW JMAarHOCTMKM UM aBTOMAaTHU3MPOBAHHOW 00paboTke
pe3yslbTaTOB ~ MHCTPYMEHTAJbHBIX  HcCclefoBaHMi.  BwiObop  Takux  cpeactB U HX
YCOBEPILIEHCTBOBAHUE SIBIIAIOTCA HENPOCTBHIMM 3aJayaMy Kak JUlsl KIMHUIMCTA, Tak W A
CrelHanucTa B 00J1acTé OMOMETUIIMHCKON MHXKEHEPHH.

Henbo padoTbl ABIIETCA AaHAIU3 COBPEMEHHBIX METOJOB HMHCTPYMEHTAIBHOIO
uccienoBaHuss Mop(doJIorMM KOXKHM TNpU JepMaro3ax, B ToM uucie npu At/ u omeHka wux
BO3MOXXHOCTEH JUIsl TNPUMEHEHMS B KIMHUYECKOW NPAKTHKE [0 COBPEMEHHBIM KPHUTEPUSIM
JIoKa3aTeIbHON MEIHUITNHEI.

AHaqM3 MOCJHeHMX HccaeqoBaHui W nyOoaukanuid. OCHOBHBIM HMHCTPYMEHTOM
HCCIIEIOBaHMs B JIEPMATOJOTMM (B YaCTHOCTH NpH auarHoctuke At/l) monroe Bpemsi ocTaBaics
METOJ KJIMHUYECKHUX HccienoBaHuid. HemoctaTkom 3TOro meroja SBISETCS CYyOBEKTHBHOCTb.
BaxHpIM 11arom o myTH MOBBILIEHUS OOBEKTUBHOCTH METOJa KIIMHUYECKUX HCCIIEIOBAHUN OBLIO
CO3/IaHHE TECTOBBIX CHCTEM, IO3BOJIIOIIMX KOJIMYECTBEHHO OLIEHUTH TSKECTh IIpolLecca IpU
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