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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 ITPU3HAKHA MOPAKEHUS KOCTEW TP MHOKECTEHHOM
MHUEJIOME

Mnuoocecmeennas muenoma - s3mo onyxonesoe 3a060ne6anue 8 KOCHMHOM MO32e, KOMopoe
CUCMEMHO GNUsiem HA CKelem, Mo eCMb MHONCECMEEHHbIE NOPANCEHUS. MO2YM NPOUCX0OUMb 6
PA3HLIX Mecmax cKenemad. [{is KOIUYECBEHHO20 OnpeoeleHuss oowull Maccyl onyxoau, O
yemanoenenust cmenenu 601e3Hu U 0lisk NOO2OMOBKU COOMEEMCmaylouell 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 Heobxooumo pazpabomambv
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MemoObl aA8MOMAMU4ecK020 OOHAPYIICeHUs NopadiceHus u ceemewmayuu. B Oaunoil pabome
npugedeHvl  U300padicenus, O0eMOHCMPUPYIOWUe NOPAINCEHUS NPU MHOHNCECMEEHHOU Mueiome,
ONnUCAaHbl OCHOBHbIE NAMOLO2UY KOCMHOU MKAHU NPU OAHHOU OOJIe3HU.

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

AKTyanbHOCTh HANpAaBICHUS aHamM3a W 00pabOTKM MEIUIMHCKHX H300pakeHui
3aKJIIOYAeTCsl, BO-TIEPBbIX, B OBICTPOM pPa3BUTUH MEIUIUHCKON JIMArHOCTUYECKOM TEXHUKH,
OCHOBBIBAIOIICHCSI HA HOBBIX NMPUMEHEHHSIX (PU3NYECKUX METOJIOB MCCIIEOBAHUM, a BO BTOPHIX,
OBICTpOE pa3BUTHE KOMIBIOTEPHON TEXHUKU U METOJIOB MaTEeMAaTUYECKOTO aHalln3a U300pa>keHui
NPUBEIH K TOMY, YTO aHAJIU3 M300paXKCHUH CTal HE YMO3PHUTEIbHOH, a MPAKTHUYECKOW 3aaayei,
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, paHHSS JUArHOCTUKA PA3IMYHBIX MMAaTOJIOTUM, BKITIOUYAs pak,
3HAYUTEIHHO YBEJIMYMBACT IAHCHI BOCCTAHOBIICHUS MaleHToB [ 1-3].

MmuoxxectBeHHass muenoma (MM) - 3TO OMyXoib UMMYHHOH CHCTEMBI, NIPU KOTOPOH B
KOCTHOM MO3I€ HaxoJsT aHOMAaJbHbIE IUIa3MAaTUYECKUE KIIETKH, SBJISIOLIMECS Pa3HOBUIHOCTHIO
OeINbIX KPOBSIHBIX TEJEI], KOTOPbIE B HOPMaJIbHOM COCTOSIHUU BbIpa0AThIBAIOT aHTUTENA A1 OOPHObI
¢ WHGEKUMSAMU WM JPYTUMH CJIOBaMH OTO pPaK KpPOBH, BBI3BAHHBI MOHOKJIOHAJIBHOM,
37I0Ka4€CTBEHHOM TpaHchopMaIueil mia3smMaTuyeckux KIEeTOK.

MHoxecTBEHHasi MUEJIOMa SIBJISIETCSI BTOPBIM HanOoJee paclpoOCTPAHEHHBIM PAKOM KPOBH:
Ha 100000 >xuteneil B roJ1 BBISBICHO 3-5 HOBBIX City4aeB 3aboneBanus [4, 5].

XapaktepHbiMH depTaMu MM SBISIIOTCS TMOpaKeHHWe KocTHOro wmosra (auddysHoe,
mud¢y3Ho-04aroBoe, peke — O0YaroBO€), COIMPOBOXKAAIOIIEECS KOCTHO-AECTPYKTUBHBIMU
M3MEHEHHUSIMH (OCTEOTIOPO3, OCTEOIH3), M Pa3BUTHE MOHOKIOHAILHOW UMMYHOTJIO0yTMHONATHH.

ITo cranmpaptHoit MeToguke MPT npou3BOIUTCS B CarUTTAIbHOM M aKCUAJIbHOM TIOCKOCTSIX
T2-B3BemeHHOT0 THMA, MPU HeobOxomumocTu nomnonHsemoe T1-B3BemennbiMu MPT B pasHbIX
IJIOCKOCTSX, a Takke MPT ¢ nmoxgasnenuem 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 3JIEMEHTOB:

—  TeJla HO3BOHKOB M MEXIIO3BOHOYHBIE AMCKH;

— YW U JYyroOTPOCTYAThIE CYCTaBbI;

—  MSTKHUE TKaHH, CBSI3KU U CTPYKTYPbl HEPBHON CUCTEMBI.

Teo mo3BOHKa COCTOUT U3 I'yOUaTOro BEUIECTBA, 3alI0JIHEHHOTO Te€MOIO3TUYECKON TKAHBIO
U JKAPOM, M 3aMbIKaTelbHBIX IIacTHH. JKupoBass TKaHb B Telle TMOSABIAETCS ¢ 6-7 JeT H
yBEeJIMUYMBaETCs Ha NpoTsbkeHuu *Ku3Hu. [Ipu MPT 3T0 cooTBeTcTBYeET yBenuueHuto curnana Ha T1.
Me:xny TenamMu HaXOASTCS MEXKIIO3BOHOUHBIE JUCKHU, COCTOSIIME U3 JKEITaTUHO3HOTO ITYJIBIIO3HOTO
anpa u ¢uodposHoro kosbua. [Ipu MPT nynsnosHoe sanpo spkoe Ha T2, ¢uOpo3Hoe KOJbIO U
npoboxnarone BosiokHa (IIlapmest) rumouHTeHCHBHBL. B 3ajgHel dYacTM  JMCK  TOJIIE.
Backynspusanus nucka ucuezaer B 8-10 neT u ganplie ero nutanue UAET nytéM auddysuu u3
IIPUJIETAIOIIEr0 KOCTHOTO MO3ra.

[lepennue CTPYKTYpHBIE B3J€MEHTHI JOMONHSIOTCS 2 JUIMHHBIMH CBS3KaMU — IepeaHei
NPOAOJNBHOM M 3amHel mpomonbHOH. OO0e OHM TUNOWHTEHCHUBHBI W CIMBAIOTCS C TeJIaMU U
(uOPO3HBIMH KOJIBIIAMH, 32 HCKJIIOYEHHEM YpOBHS 4-5 MOSCH., TJ€ pa3BUT MUIYpPAIbHBIN XXKUP U
3aHsAg NPOAOJbHAsl CBS3Ka OTCTAET OT Teln. Mexay 3alHUMU CTPYKTYpHBIMH DIIEMEHTaMU
PacrojoKeHbl KOPOTKHE CBSI3KM: JKENThIE MEXIy AYraMH, MEXOCTHUCThIE W HaJoCTUCThIe. B
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HIEHHOM OTJeJie BMECTO HAJOCTUCTOM CBSA3KM HPOXOAWUT BbIiiHas cCBsi3ka. Bce oHu wuMeror
IpOMEKyTOUHbIN curHai npu MPT no3BoHo4HMKA.

[TonBM>KHOCTh TO3BOHOYHMKA OOECIEUMBAETCS CHUMMETPUYHBIMU JyrOOTPOCTYATHIMU
cyctaBaMd. OHHM 0Opa30BaHbl BEPXHUM CYCTaBHBIM OTPOCTKOM HHXKEJIEXKAIEro I[03BOHKA U
HIDKHUM CYCTaBHBIM OTPOCTKOM BBIIIEJIEKAIIETO MO3BOHKA. MsTKue TKaHU U CBSI3KM 00pa3yroT
kancyiy. [Ipyu MPT onu BuaHbl Ha napacaruTTajabHBIX M MONEPEYHbIX cpe3ax. B HOpMe KuaKocTh
B CyCTaB€ HE BUJHA.

[TossicHnmuHbIi OTHEN HEcET HAMOOJBIIYIO HArpys3Ky, Teja IO3BOHKOB 3/1€Ch MAaCCHBHBIE.
3aiHUEe TpaHUIbl MEXIO3BOHOYHBIX JUCKOB BOTHYThIE, Kpome ypoBHeW L4-5 u L5-S1, rne onum
cllerka BbINyKible B HopMe (puc. 1). Jlyroorpocryarble cycTaBbl OOraTo MHHEPBUPYIOTCS, 4YTO
urpaetr posib B (popmupoBaHuu OoseBoro cunipoma. CycTaB, MOKPBITHIM JIaTepalbHON YacThIO
KENTON CBSI3KU, OrpaHMYMBAET MEXIIO3BOHOYHOE OTBepcTue c3anu. Crepenu OHO OrpPaHUYEHO
3aMbIKaTEIbHBIMU IUIACTUHAMH, JUCKOM M BOJIOKHAMH 33JHEW IMpOJoJbHOM cBs3kU. CBepxy u
CHM3Y OTBEPCTHE OTPaHUYEHO HOXKKAMHU JYT CMEXHBIX O3BOHKOB. BepxHsis 10JI0BMHA OTBEPCTUS
3aHATAa KOPEIIKOM, TaHIJIMEeM, KOpEIIKOBbIMU apTepuell u BeHoM. CHuHHOW MO3r OOBIYHO
KOHYaeTcss Ha ypoBHE 1-2 NOSCHUYHOIO IMO3BOHKA, Janblie MAET KOHCKUH XBocT. Kopemrku
BBIXOJIAT KOCO TOJ1 yTiiom 45°.

Paccmorpum MPT nosicHMYHOro OTA€na MO3BOHOYHMKA B HOPME M IIPH MATOJIOTHUH JJIs
HArJSITHOTO UX CPABHEHUS M TOHUMaHHUS OCOOCHHOCTEH.

ITpu MPT no3BoHouyHKKa B HOpME (puc. | a) 3amHue OTAesbl IMCKOB Ha ypoBHe L1/2-L3/4 B
HOpME BOTHYThIC, Ha ypoBHe L4/5-L5/S1 — cnerka Boimykiisie. CycTtaB xopoino BujeH npu MPT,
MOKPBITHIM JIaTepaJbHONM YacThIO JKENTOM CBSI3KM, OH OrPAaHUYMBACT C33aJU MEXIO3BOHOYHOE
orBepcThe. CBepXy M CHU3Y OHO OIPaHMYEHO HOXKKAaMHU JyI CMEXHBIX MO3BOHKOB. Crnepenu
OTBEPCTUE OTPAHUYECHO 3aMBIKATEIbHBIMH IUIACTUHKAMHU, MEKII03BOHOYHBIM JUCKOM U BOJIOKHAMH
3aHEN MPOAOJIBbHON CBS3KH.

SBOHOYHOM

THH

Pucynok 1 — MPT nosicHuuHOTO OT/ieTia TO3BOHOYHKKA B HOpME ()
U 1ipu natojioruu (6)

[Ipu maromorun (puc. 1, 6), Korjga HMEIOTCA TMOPAXKEHUS KOCTHBIX YYaCTKOB,
PEHTIeHOJIOTHYECKass KapTHHA MHUEJIOMHOTO TOpaXeHHs KOCTei B OOJBIIMHCTBE CIIy4aeB
BbIpaXaeTcsli B HalIWyuM AUPHY3HOrO pa3pexeHHs: KOCTHOM TKAaHU U OYaroB JECTPYKLUHU
Pa3IUYHOM, Yalle OKpyrJIoi (popMbl, ¢ YeTKUM KOHTYPOM, pazMepaMu B cpeaHeM oT 1 1o 15 mm, He
CIIMBAIOIIUXCS MEXIYy co00il. CamMo Teslo MO3BOHKA MM3EHSET CBOIO ()OPMY M U3 HOPMaJbHOMH, C
YeTKMMHU TpaHUIAMH, TPABWIBHOM (OPMBI M OJHOPOJHON CTPYKTYpOW, M3MeHseT (opMmy Ha
JIBOSIKOBBITHYTYIO JIMOO K€ BBITHYTOCTb MPOSIBISIETCA TOJIBKO C OJHOM CTOPOHBI, CTPYKTypa
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CTAHOBUTCS TIOPUCTOM, MEKIO3BOHOUHBIN TUCK Ha mM3o0pakeHnn MPT He mMeeT yeTKHX TpaHUIL
[5, 6].

[TopaxkxeHne ckeinera MOXKET COINPOBOXKIAThCA AedopmarusMu deperna, pedep, TPyAUHBI,
MMO3BOHKOB U JAPYIMX KOCTEH. [[eCTpyKTUBHO-OCTEOMOPOTUYECKHI ITPOLECC B IO3BOHKAX IMPUBOJIUT
K WX YIUTOIIEHUIO, H3MEHEHHIO (POpMBI (KIIMHOBUIHAS, YCUEBUIICTIONOOHAS, «PBIObU TTO3BOHKNY) H
K MaTOJIOTUYECKHM TiepesiomaM (puc. 2). YacTo ouaru AeCTPYKIHUA M OCTEOJIM3UCA BBISBIIOTCS B
pebpax [4].

Pucynok 2 — KomnpeccnoHHbI# niepenoM 6e3 cmemeHus mo3Bonka L3 y GonpHON
MHO>KECTBEHHOH Muenomoii. Komnbrorepnas romorpadus

Jns nuddysnoit hopMbl XapakTepHO HaIHUKWE CUCTEMHOTO Pa3peKeHUs KOCTHOM TKaHH —
ocreornopo3a 0e3 TMPUCYTCTBUS OYAroBBIX NECTPYKIUH. J[aHHBIM 0CTEOMOpO3 MOXKET HOCHTh
XapakTep MEIKO3epHUCTOr0, a MHOT/Ia MOKET ObITh TPyOO3EpHUCTHIM WM MSATHUCTBHIM, Yalle Mpu
JIOKaJM3aliK B pedpax U KOCTSX Ta3a, a B MPOKCHUMAJIbHBIX Iuadazax KPyMHBIX TPyOUaThIX KOCTEH
(OenpeHHbIE U TUIEYEBbIE) MOXKET UMETh CETUaThIi pUCYHOK [7].

Ha pucynke 2 m3obpaxeHa croHAMJIOTpaMMa B JIEBOM OOKOBOH MPOEKIHU MOSICHUYHOTO
OTJIeJ1a TI03BOHOYHHUKA, ONPEAEIIAETCS MaTOJOTNYECKUI KOMIIPECCUOHHBIN TMIEPEIOM B BUJIE PE3KOTO
YMEHBILIEHUS BBICOTHI Tela L2 1mo3BOHKa B MEepeaHHX €ro oTaenax (KIMHOBUAHAs JedopMmanus),
B/IaBJICHHOCTh BEPXHEH 3aMbIKaTEeNIbHOW MJIACTUHBI, @ TAKXKE Y4aCTOK MPOCBETICHMS B Ayxke L3
MTO3BOHKA.

Hanuuue ouaroB necTpykiuu 6e3 NpU3HaAKOB OCTEONOPO3a OTMEUYAETCs IPU MHOKECTBEHHO-
ouyaroBoil popme MM.

OO6b1uHO p MM nopakaroTcs Tena MO3BOHKOB, HO HEPEAKO B MATOJIOIMYECKHH IMporecce
BOBJIEKAIOTCS JIy’)KKHM, TIONEPEUYHbIE M OCTUCTHIE OTPOCTKH, OSMUJPYyalTbHOE MPOCTPAHCTBO
II0O3BOHOYHHUKA, YTO MPHUBOJUT K KOMIIPECCHMH CIIMHHOTO MO3ra M ero KopemkoB. Kommpeccus
CIIMHHOI'O MO3ra TaK)Xe MOKET ObITh 00YyCJIOBJIEHAa MITKOTPKAHHOM SHUApPYaTbHON MHEIOMOH,
KOTOpasi He CBsI3aHa C OIyXOJIbIO B MMO3BOHKAX [§].

Taxxe B mpouecce NpoTekaHusi 00Je3HUM Ha (OHE OCTEONOpo3a U OCTEOAECTPYKTHBHOIO
IpolLecca  BBIABJISIOTCS  MATOJIOTMUECKHE  KOMIIDECCHOHHBIE IIEPEIOMBI  T€l  ITO3BOHKOB
(YMeHbIIIeHHE BBICOTHI T€ja MO3BOHKA, KIIMHOBUAHAA Aedopmaius, pa3pylieHue 3aMbIKaTeIbHBIX
IUTACTHHOK), a TaK)Ke pa3pylLIeHue uxX ayxkek (puc. 3).
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Pucynok 3 — luddysno-ouarosas popma MM, Il cragus

[Ipy MarHUTHO-pe30HAaHCHONW ToMorpaduu MHUEIOMHBIM oyar BH3yalIM3HPYETCsl Kak
OKPYTJIBI Y9aCTOK CHIPKCHHOTO CUTHaJIa Ha (DOHE COCeHEH HeMopaXeHHOW KOCTHOW TkaHu Ha T1-
B3BELICHHBIX TOMOIpamMMax, Ha T2-B3BelIEHHbIX TOMoOrpamMmMax u B pexume STIR (pexum
MOJIABJICHUSI CUTHAJIAa > KUPOBOM TKAHMW); OH XaKaeTepPH3yeTCsl CHUTHAJIOM  IOBBIIICHHOW
uHTeHcuBHOCTH (puc. 4). Ilpu muddyszHoit popme MM BbIsBIsETCS paBHOMEpHOE, 0€3 0Yaros,
noHmxenue cmrHaga Ha T1-BM oT Bcex mnopakeHHBIX KOCTEH W paBHIOMEPHBIM, ClieTKa
HEOAHOPOAHBbIN curHai Ha T2-BU.

Pucynok 4 — MP Tomorpamma meiHoro, rpyAHOro ¥ MOSICHUYHOTO OT/IEI0B
II03BOHOYHMKA, HA KOTOPOU ONPEIENISIFOTCSI MHOXKECTBEHHBIE 1ECTPYKTHBHBIE
n3meHeHus: C2-L3 Mo3BOHKOB B BHJI€ YIaCTKOB OKPYTJIOWT HEMIPABUILHON (OPMBI

Ha pucynke 4 n3o6paxxena MP Tomorpamma meiHoro, rpyTHOTO ¥ MOSICHUYHOTO OT/EIOB
MO3BOHOYHUKA, ONPENENAI0TCS MHOKECTBEHHbIE JeCTpyKTHBHbIEe M3MeHeHus C2-L3 mo3BoHKOB B
BHJI€ YYaCTKOTB OKPYIJIOW W HEMpaBWIbHOW (opMbl, pazmepa oT 6 g0 30 MM, HUMeOIIHe
nosbllieHHBIH MP curnan Ha T2 BU u nonmxenssii curnan Ha T1 BU. B nectpykTuBHBII
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IPOILIECC BOBJICYEHBI TeJa, AY)KKH W OCTHCTBIE OTPOCTKM IO3HOHKOB [9]. DT0 HeoOXommmo
YUUTBIBATh IPU KOMIIBIOTEPHOM IUIAHUPOBAHNUU XUpYypruueckoro jeueHus [10].
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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.

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., AGpamoBa I'. A.
OCHOBHI O3HAKH YPAKEHHSI KICTOK TP MHOKUHHIN MIEJIOMI

Hana cmamms npucesuena 0CHOBHUM O3HAKAM YPANCEHHS KICIOK NPU MHOMCUHHIL MIETOMI,
suseieHux 3a oonomoeoro MPT. MPT Oae mooicnugicmo npamoi @izyanizayii nyXauHHO20
KOMNOHEHMA i CNIBBIOHOULEHHS 1020 3 NPUNeIUMU MACKOMKAHHUMU CIMPYKMYPAMU. AKMYanibHicmb
HanpsAMKYy aHanizy i 00poOKU MeOuuHUX 300pajdceHb Noafzae, no-nepuie, 8 UBUOKOMY PO3GUMKY
MeOUYHOI OIacHOCMUYHOT MEXHIKU, WO SPYHMYEMbCA HA HOBOMY 3ACMOCYBAHHI (I3UUHUX MemOodi8
odocniodicens, a no-opyae, WUOKULL pO36UMOK KOMN tomepHoi mexHiku i Memooie MamemamuyHo2o

Pexum noctymy: http://sap.pstu.edu

180


http://sap.pstu.edu/

Hayka Ta BUpOGHMIITBO

2019 p. Bumn. 20
bioinscenepia

amanizy 300padicenb npuseiu 00 mMo2o, Wo AHAli3 300pajceHb cmag Oilvbl CKIAOHUM, mda ye €
NPAKMUYHUM 3A80AHHAM, AKe MOdce OYMu upiuleHo npsamo Ha pobouomy micyi aikaps. Bussnenns
NAMON0TYHUX NPOYECi8 € OOHIEI 3 HAUBANCIUBIWUX 3a0ad 00pOOKU ma aHAi3y MeOUYHUX
300padicensb, Npu YboMy 5K 8i00MO, PAHHA OIACHOCMUKA PIZHUX NAMOA02IU, 8KII0UAIOYU PAK, 3HAYHO
30LIbULYE WAHCU OOVHCAHHSL NAYIEHMIS.

Memoro 0anoi pobomu € 8UUEHHS 03HAK NPOSE MHONCUHHOL MIENLOMU, HIOAHCIS il 6NIUBY HA
Op2aHi3M IIOOUHU § 0COOIUBOCMEN NPOSIBY HA CYHUACHUX MemOooax 8i3yanizayii.

Y oanin cmammi poszenanymi ochoemi o3naxu eizyanizayii MM, ii eidobpadicenus Ha
ONOPHO-PYX0BOMY anapami, HABeOeHi 300PadCeHHs, W0 OeMOHCMPYIOMb YPAMUCEHHS, d MAKOHC
s00padicentnss MPT nonepexogoeo 8i00iny xpebma 6 HOpMmi ma namooeii.

Cyuacni memoou eizyanizayii, maki 5K MACHIMHO-PE3OHAHCHA MA PEeHM2eHIBCbKA
Komn'tomepua momoepagin € iHpopmamueHumu memooamu OideHOCMUKU CUHOPOMY KICMKOBOT
decmpykryii 6 xpebysx. Ix pesynomamu dozeéonsiome eussumu i oyinumu 6o2HUWA OecmpPyKyii 6
Xpebysx, a makodc ymouHumu nowiupericms npoyecy. Kommnnexcnuti nioxio npu npoeedeHmi
obcmedicents 3 BUKOPUCMAHHAM — ONMUMI308AHO20  ANOPUMMY  00360A€  NIOBUWUMU
epexmusenicmv  pannHboi Oiaenocmuku MM, 6 nosHomy 00cA3l  oOyiHUMU  NOWUPEHICMb
nAamono2iyHo20 npoyecy i euOpamu maxkmuxy JiKy8aHHs.

Busignenns mHoscunHoi mienomu 8pyuHy, moomo «Ha oko» axisys, € pymuHHUM NPOYECOM,
a MaKo#c 3anIUUAEMbCS BEIUKA UMOBIPHICIb W0 OYOYMb HENOMIYEHUMU MAK 36AHI MICYs IHmepecy
Wo Modice CnpuduHuUmu 3a coOo He360pOmHI npoyecu, No8'si3aHi 3 NHOCLKUM HCUMMAM, KpIM
mo20 8elUKa KIbKiCmb NOpA30K Yy 00H020 NAYIEHMA YCKIAOHIOOMb DPYYH) CecMeHmayilo 6Cix
NOpa3oK, Momy KINbKICHe BU3HAYEHHS 3a2allbHO20 00CA2y NYXAUHU, HA CbOLOOHAUWIHIL OeHb,
Hemodcauso. Omoice, HeOOXIOHO po3poOUMU MemOooU ABMOMAMUYHO20 BUSGNEHHS VPANCEHHS |
ceamenmayii.

Knwuosi cnoea. muodicunna mienoma, ypasxcemHs KiCMoOK, 00poOKa 300pajiceHvb, pDAHHSL
OdiaeHOCMUKa, NYXIUHHe 3aX80PI0GAHHS, Ce2MeHMAayis, KICmKosul MO30K.

Peyenzenm
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Tpyounsin A. A., Ucaesa O. A., Knumenko B. A., ABpynun O.T'.

NHCTPYMEHTAJIBHBIE METO/bI OHEHKHN COCTOSHUSA
KOXH TP ATOITMYECKOM JEPMATHUTE

Ha cecoonsuunuit 0enb OCHOBHBIM UHCMPYMEHMOM UCCIe008AHU 8 O0epMAMOLo2UU
AGNSIOMCS. KIUHUYLECKUE UCCTe008AHUSL, MAKNHCE WUPOKO NPUMEHSCMCS UCNOLb308AHUE MECMOBbIX
cucmenm. Cywecmeenno O00NONHAIOM Kapmumy OUACHOCMUYECKUX uccne008anull
UHCMPYMEHMANbHbLE CNOCOObI OYEHKU MOPHOPYHKYUOHAILHO20 cOCmOosHUsL Kodxcu. TIposedennbiil
AHANU3 CYWECMBYIOUWUX MEMOO08 OUACHOCIMUKU U UCCICO08AHUS KOJICHbIX 3a00]e8aHUll, 8 MOM
yucie u amonudecko20 0epmMamuma, No360asAem coelams 6bl600 00 AKMyaibHOCMU NPOBEOeHUs.
OanvHelue20 NOUCKa, papabomku U yco8epueHCmMBE08aHUll OUACHOCMUYEeCKUX MemOo008.

Knrouesvie cnosa: amonuueckuil oepmamum, MOP@PONOUSL KOHCU, UHCIPYMEHMANbHbLE
uccie0o8anusl, 0epmMamocKonus.

ITocranoBka mpoluaembl. Atonuueckuid aepmatur (At/l) - 53T0 reHeTudecku
00yClIOBIEHHOE  3a00J€BaHME, HMEIOIIee XPOHUYECKMH  pPELUAMBUPYIOIIEE TEUCHHE C
OIIpEAEIIEHHOW BO3PAaCTHON JUHAMMKOW, KIIMHUYECKH MPOSBISAETCS MEPBUYHBIM 3YAOM, NaIyjlaMu

Pexum noctymy: http://sap.pstu.edu

181


http://sap.pstu.edu/

