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THE CURRENT STATE OF THE SYSTEM OF PATIENT'S COMPUTED
TOMOGRAPHY DOSE CONTROL IN MEDICAL INSTITUTIONS OF UKRAINE

The issues of dose load control on patients caused by X-ray computed tomography (CT) are
considered. It was found that in many countries of the world the prevalence of modern technologies
of CT diagnostics is growing, however they are the ones that cause the greatest radiation exposure
on the patient. In order to monitor the collective dose of CT scans within the state in developed
countries a careful collection of statistics on CT studies is carried out. In Ukraine systematic
monitoring of the collective dose of CT is still not carried out, which violates the requirements of
the International Commission on Radiological Protection. A promising solution to this problem is
to create a national database of statistics of CT diagnostics.

The analysis of data of the All-Ukrainian audit of CT on the number of CT systems in the
country as of 2019 is carried out. Based on the obtained data the comparison was made between
the data of the State Inspectorate for Nuclear Regulation of Ukraine (SINR) and the Ministry of
Healthcare of Ukraine regarding the use of CT in the country. Significant differences in the number
of CT systems have been identified, which indicates the absence of unified approaches to the
accounting and monitoring of CT in Ukraine.

A typical procedure for monitoring dose levels of irradiation during basic x-ray studies is
considered. The main factors of the formation of the dose index for interventional and spiral CT are
revealed. The possibilities of reducing the dose load on the patient due to a change in the multi-
spiral CT scan modes are considered. To obtain reference dose index values for spiral CT, a
dissymmetric x-ray anthropomorphic phantom was scanned.

The results can be used in the processing of CT audit data, for which a questionnaire form is
proposed that contains the parameters of the CT study protocol and the results of measurements
and calculations with the aim of further systematic assessment of the collective dose for CT in
Ukraine.
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OB30P MEXAHUYECKHNX U TEPMOJUHAMUYECKHUX MOJIEJEN
KOHY YEJIOBEKA B KOHTEKCTE IUNTACTUHYECKOM XUPYPT A

Paccmampusaiomesi n00xo0bl KOMRLIOMEPHO20 NIAHUPOBAHUS JIEUEHUsL 0XHCO208 HA OCHOBE
MAmemMamuyecko20 Moo0eaupo8aHusi OUODUIULECKUX CEOUCME KOMNCU C NOMOWbIO MEeXAHUYECKUX
Mooenell, YY4umvlearowux ynpyeue u 1AcCmMudHble CEOUCMBA KONMCU, U MEPMOMEXAHUYECKUX
MoOenell, Komopbvie yuumwigaiom mepmopecyaayulo mkauu. Ilpueooumca Kpamxuil 0030p
COBDEMEHHbIX NPeOCmasieHuti 0 CMpoeHuu U QYHKYUOHUPOBAHUU KONXCU UeN08eKd C 0COObIM
BHUMAHUEM K CMPOEHUI0 KPOBEHOCHOU cucmemvl. Ommeuaromcs 0OCMOUHCMEA U HeOOCMAamKu
oannwix mooenet. Qocyscoaemcs 60npoc 0 NPUMEeHeHUU MOOETUPOBAHUS 8 0OIACMU NAACMUYECKOT
Xupypeuu, 6 YacmHOCMmU, IKCnaHoepHol Oepmamensuu. Paccmampusaemcs mamemamuueckoe
Moodenupoganue pocma Kodcu. Ommeuaemcs, Ymo MexaHuyeckue Mooenu KOdNCU OCHOBAHbI HA
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BbIUUCTICHUU 83AUMOCEA3U HANPANCEHUE-0ehopMayus U npu U38ECMHOU 3A8UCUMOCMU, €CU MOJILKO
MoO0enb 00CMAMmMOYHO NOJIHO OMpaxfcaem peaibHble CEOUCMEA KOXMCU, CMAHOBUMCA BO3MONCHLIM
nooobpamev makxue GeIUHUHbL U HANPAGIeHUs Oepopmayuti, 4mobbl HANPAICEHUE OKA3ALOCDH
MUHUMATbHBIM. Paccmompennvie mooenu YYHKYUOHUPOBAHUS KOHCU 001A0AI0M NPEeUMYUeCmeamu
yuema peanbHO20 CMPOeHUs KONHCU U OMHOCUMENbHOU NPOCMOMOU 8bIYUCIUMENbHOU Peanu3ayull.
Oonako, cpasHumenvho ciabo pazpabomarnvl Memoobvl, pedarusyrouue maxKue ceoUCmMed KOJiCU Kax
HeIUHeUHOCMb U AHU30MPONHOCMb (N0 auHuAM Jlaneepa u pacnonodxicenuro KanuuiapHou cemiu,).
Ilpu smom HeobxoO0uMbiM ABNAEMCA NPUMEHEHUE OAHHBIX NO0X0008 K MOOENUPOBAHUIO Npoyecca
PACMANCEHUS KOJHCU 60 BPEMsSL Onepayuu IKCHAHOEPHOU OepMAmeH3UUu ¢ YYemom peaibHbiX
napamempog  koxcu.  IlepcnekmusHbiM — NOOX000M  SAGIAEMCS  NPUMEHEHUe — Memooos
MeNnI08UUOHHOU OUACHOCTMUKU 01 8U3YAIU3AYUU COCYO08 8 npoyecce banonHou mepanuu. Ilpu
9MoM HabooeHue o00pabamvléaemoco Y4acmka 6 UHDPAKPACHOM OUAnasoHe No360J1UMm
paccuumams coOmeemcmeue mepmMomMexanuieckol mooenu oeticmsumenvHocmu. Mooenuposanue
INACMUYECKUX CBOUCME KOJCU NO360IUN  YYUMbIEAMb (DYHKYUOHATbHbIE OCOOEHHOCMU Npu
9KCNAHOEPHOU 0epMAmeH3UU U NPUMEHEHUe MaKux Mooeiell 8 NIACMUYecKoUu Xupypeuu no360aum
npPoBOOUMb KOMNbIOMEPHOEe NIAHUPOBAHUN ONEPAMUBHBIX MEULAMENbCME, NPU JIeYEHUU 0HCO208,
COKpawams 8pemsi peaburumayuu U yMeHbuamy pUck 0C10HCHEHU.

Knwuesvle cnosa: molenuposanue KoOJCU, AHSUOCOMHAs meopusi, aunuu Jlaneepa,
VpasHeHue buomena, pocm KOX#CU, KOMIblomepHoe NIAHUPOSAHUe 8 XUPYPIUlL.

IMocTanoBKka npodaembl. B HacTosee BpeMst Bce 00JbIIe MEIUIIMHCKUX JICYEOHBIX 3a71a4
OCHOBBIBAIOTCSI HA JAHHBIX KOMIIBIOTEPHOTO IUIAHMPOBAHMS, TO3BOJSIOIIUX Ha OCHOBE
MaTeMaTH4YeCKUX MOJeNICii TPOTHO3MpOBaTh pe3ynbTarhl Tepanuu [12]. Tlpu npoBeneHuu
IUTACTUYECKUX OIepaluii Mo TMepecagke KOXKU METOJOM 3KCIaHJIEPHOW IepMaTeH3UU XUPYpPrU
4acTO PYKOBOJICTBYIOTCSI HMHTYUTHBHBIMH COOOpPaXCHHUSIMU, BBIOMpas MECTO pa3MEHICHUS U
OpHEHTalMI0 OalyioHa Ha Tese uenoBeka. [ monydeHus: OObEeKTUBHBIX JAaHHBIX, Y4€T KOTOPBIX
MOr Obl OOJer4WTh Olepanui W W30ekaTh OCIOKHEHWH, HEOOXOAMMO HWMETh MOJIEIh
(GYHKIIMOHUPOBAHUM KOXKM 4YelloBeka. B omgHoi w3 mpenpiaymux paboT [3] Mbl mpuBOAMIU
MPOTOTHUIT CPABHUTEITHLHO MPOCTON MPOrpaMMbl Il aBTOMATU3AIMK paOOThl XUPYypra Mpu ydeTe
pacnonoxxenusi auHui Jlanrepa. [Ipu 3TOM akTyanbHOW 3amadeil SBISETCS OLIEHKA MOJIXOJOB K
MOJICJIUPOBAHUIO YIIPYTHX, JTACTUYHBIX, U TEPMOAMHAMUYECKUX CBOMCTB KOXKH, a TaKKe Ipoliecca
ee pocra.

AHa/IU3 NOCJeTHUX UCCIeI0BAHNNA U MYyOTUKAIMIA.

Crpoenue koxu. Koxa sBIseTcs caMbIM KPYIOHBIM OPraHOM YeEJIOBEKA. JTO CIIOKHas,
MHOTOYPOBHEBAsl TKaHb, COCTOSIIAs U3 SIUIEPMUCA, TEPMBI U TUIIOACPMBI (ITOAKOKHOTO *Kupa). B
koxe uenoBeka oT 300 mo 350 MIIH. KJIETOK, KOTOpPbIE MOJHOCTHIO OOHOBISIOTCS B CpEIHEM 3a
npoMexyTok BpemeHu oT 60 go 80 nueil. Uem miaamie opraHusMm, TeM Jierye M ObIcTpee
MPOUCXOUT OOHOBIIEHUE KIIETOK [4].

Tkanb KOXHM OOWUJIBHO TPOHM3aHA KPOBEHOCHBIMH COCYJaMH TaKUM 0O0pa3oM, 4YTO €€
KPOBOTOK 3HAYUTEIHHO MPEBOCXOAUT COOCTBEHHBIE MOTPEOHOCTH B OOMEHHBIX Ipoleccax. ITo
OOBSCHSIETCS TEM, 4YTO KpOBb, IOCTyMAloOmias B KOXY, WIPaeT pOJb HOCUTENS TeIuia MpHu
TEPMOPETYIIAINUA. ITOU e HENH CIYXKAaT CBOCOOPa3HbIe IIYHTHD» MEXAY apTEepUsIMHU U BEHAMH —
aHAaCTOMO3bl, IO3BOJISIIOIIME CPABHUTEIBHO OOJBIIOMY O0BEMY KpPOBH MPOXOIUTH B 00X0J
Kanwuisapos [4].

OnHOM M3 TMEpBBIX MOJENEH CTPOCHHS KPOBEHOCHOTO pycia KOXKHM CTaja aHTMOCOMHAs
Teopus. COrliacHO 3TON MOJIENH, TEJO YeloBeKa MOoapa3aemseTcss Ha 000COOIEHHbIE TPEXMEPHBIE
CEKIIMHM, THUTAaeMbIe OTACIbHBIMA OTBETBJICHUSIMHU apTEepUidl W CHA0XCHHBIE COOCTBEHHBIMH
BEHO3HBIMHM OTBeTBIIeHUsAMHU. [IpaBna, nanpHelue MCCleI0OBaHUs MOKa3aJid, YTO aHTMOCOMBI HE
SBJIIOTCSI a0COIIOTHO 000COOJIEHHBIMHU, @ COOOIIAIOTCS Yepe3 aHACTOMO3bl Ha YPOBHE CKEJIETHBIX

172



Hayka Ta BUpOGHMIITBO

2019 p. Bum. 21
bioinscenepia

MbIl. HecMOTpst Ha 3TO, 3HAYEHHE AaHTMOCOMHOM TEOpPHM COXpaHseTcs B cdepe IIacTUYeCKOn
XUPYPTUH.

KpoBocHaGkeHne KOXU CHJIBHO HEOJHOPOJHO BO BPEMEHH U MpocTpaHcTBe. MeToaom
Ja3epHON JOMIICPOBCKON (QuioyMeTpur ObLIO YCTAaHOBIEHO, YTO B HOpME Koka moirydaeTt 5-10 %
cepaednoro Beiopoca (200 no 500 mur/mun) [5]. Tlpu 3TOM KpoBOCHAOXEHHE pa3TUYHBIX o0nacTen
Tela MOXeT OTJhyaThcsi Oosiee 4eM B JBa pa3a. Haubonblieli MHTEHCHUBHOCTHIO KpPOBOTOKA
o0namarT, HaMpUMEp, MOYKH yXa U JIAJJOHH, a HaUMEHBIICH — rojieHu u npenmieubs [5]. Ho u
KPOBOTOK OJIHOM U TOM k€ 00JacTU KOXKH HE SIBJISETCS MOCTOSHHBIM, a MOABEP)KEH KOJIEOaHUsIM C
TUIUYHBIM nepuooM 0,5-5 MUH, KOTOpBII 3aBUCUT OT Pa3JIMYHBIX PETYJIATOPHBIX BO3ICHCTBUIA.
3HA4YMUTENIbHOE BIUSHUE OKa3bIBAIOT U CYyTOYHBIE, CE30HHBIE, KIMMAaTUYECKUE BIUAHUA [4,5].

MexaHn4yecKkue MOJeJIU KOXKH.

CornacHo [6] cylecTBYIOT TpU MOJAX0Aa K MOJCIUPOBAHUIO MEXAHUYECKUX CBOMCTB KOXKU:
MAaKpOMEXaHUYECKUM, MUKPOMEXaHUYECKUM U ME30MEXaHUYECKU.

[IpuMepoM MakpoOMEXaHMYECKOTO MMOAXOJAa SBIIETCA PACCMOTPEHUE KOXU B KayecTBE
AJAaCTUYHONM MEMOpaHbI, CKOJIB3AIIEH MO TBepaoMy ocHoBaHuio [7]. Torma, B ciydae MaibIxX
oOpatumbIx fedopMaliuii, 3aBUCUMOCTb HAIPSDKEHUH OT AeopMalliy JaeTCsl ypaBHEHUEM:

oD

N =
aya[)’

1)

. & v o
rac. N 4 - KOHTpaBapUAHTHBIC KOMIIOHCHTLI TCH30pa HANPsKCHUM B KPHUBOJUMHCHUHBIX
KoopauHaTax (B 0011eM ciydyae) Ha TOBEPXHOCTH KOXKH,

7 op ~ KOBAPHAHTHBIC KOMIIOHEHTBI TCH30pa JIeOpMAartii;

@ — ynenbHas MOTEHIMANbHAS YHEPTHsl 1ehopMallnu.

[IpocreiimumM BpIOOPOM PHEPrUM AePOpMaIiK, YAOBIETBOPSIOIIUM IKCIEPUMEHTATHHBIM
pe3ysibTaTam, sBIISETCS:

O = AP Vapiu exp(B"5 Vs + C]/p¢7p¢) ’ (2)

rre. A u B — TeH30pBl yIpyrux nocTOsSHHbIX;
C — cxassp.

B ciiyuae Gonpimx HeoOpaTUMBIX JieopMaluii UCTIONIb3YeTCs BhIpaXKEHUE:

N = APy, exp(B"y,s +Cr"’y ) (3)

B pabGote [7] mnpeanmaraercs YyCOBEPIIEHCTBOBAHUE HSTOM MOJENH, Mperoararoliee
HCIIOJIB30BAHHUEC OPTOTPONHH KOXKHU U CBA3b MOBEPXHOCTHBIX KOOPAWHAT C JIMHUAMU HaHrepa.

Me3omMexaHUYeCcKUi  TOAXO0J TpeiacTaBieH B pabore [8]. 3mech  yuuThIBaeTcs
THUCTOJIOTHYCCKAas1 I/IH(l)OpMaI_[I/ISI 0 PACIHOJOXKCHHUH KOJJIAar€cHOBBIX BOJIOKOH, a HMCHHO, HX
YIIOPSIIOYCHHOCTh B TIYOOKHX CJIOSX KOXKM M XAOTUYHOCTh B TIOBEPXHOCTHBIX. Takas MOJENb
MO3BOJISIET TIPEJICKAa3aTh OTPAaHUYCHHYIO TIOJI3Y9eCTh U HETOJIHYIO PelIaKCaIliio HAIIPSHKCHUH.

MukpoMexXaHU4eCKH  TOJAXOJ, OCHOBaHHBIH Ha OIICHKE CYMMapHOW  peakiuu
coJiepKaluxcs B KOKE BOJOKOH KOJIJIareHa W 3JacTHHA, BRIOpaH B padote [9]. B atoii Moaenu
M3BWJIMCTOE BOJIOKHO KOJIJIareHa MepecekaeTcss MPsIMbIM BOJIOKHOM 3JIaCTHHA B HECKOJIBKUX TOYKAX,
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o0Opa3syst BoHOOOpa3Hble cerMeHThI (puc. 1). Takum o6pazom, mpu MaybIX AehOpMAIMSIX HTPAIOT
pOJIb YIIpYTHE CBOWCTBA DJIACTHUHA, a TIPH OOJIBIIUX — KOJIIareHa.

[T1OTHOCTh TIepeceYeHHid W MPOCTPAHCTBEHHON OPHEHTAIIMM TaKMX CETMEHTOB 3aJIal0TCs
(GYHKIUSMU pacpeielCHIs], KOTOPbIE MOTYT ObITh HaliJICHBI U3 SKCIIEPHUMEHTOB.

B pabore [8] ¢ momompi0 METONOB CTATHCTUYECKOW MEXAHWKH OBUT IOJIYYeH 3aKOH
KOHEUHBIX JeopManidi JJisi KOKM Kak Uil OPTOTPOITHOTO HEJIMHEWHOr0 MarepHaia C MSATHIO
HEOOXOIUMBIMH ~ MAaTEPHATBHBIMH KOHCTAHTAMH: IUIOTHOCTh MOJEKYJISPHBIX II€TeH, TpHU
OTHOIICHHUS CTOPOH MHHUMAIIBHOW II0KA3aTeIbHOW SYCHKH W MOIyJb OOBEMHOTO CHKATHS.
UucneHHbIe pelieHUs] YpaBHEHUI COCTOSIHHS TPOBOIMIIMCH METOJIOM KOHEUHBIX Pa3HOCTEH.

NACTHH

~X A AN
\//\/  \J

Konnaren

Pucynok 1 — PacnionoxxeHue 31acTUHA U KOJUTareHa B MUKpOMEXaHU4ecKo Mojienu [9]

TepMomMexaHn4ecKHe MOJIEJIN.
OCHOBHBIM ypaBHEHHEM JIJII MOJCIMPOBAHUS TEINIOOOMEHA B TKAHSX SIBJISIETCS YpaBHEHUE
ouoreruia:

oT
PCE+V(_|‘VT) =V, 0,6, (T, ~T)+Q, (4)

c,T

rac: P — INIOTHOCTH, YACIbHAA TCINIOEMKOCTh U TEMIICpATypa TKaHU B TOYKE,

Vi, Oy Gy T, — CKOpOCTH Hepdy3HH, MIOTHOCTD, YAEIbHAs TEMIOEMKOCTh U TEMIIEPaTypa KpOBH

COOTBETCTBEHHO;
Q - Termio, MOrMOIEHHOE U3 APYTHX UCTOYHUKOB (KaK BHEIIHUX, TAK ¥ BHYTPEHHHUX ).

Hcnonp30BaHne HTOW MOJAEIM MOJXKET JOINOJHATH MEXaHWYECKYyH0 MOJEIb: BHayale
paccuuThIBaeTCS paclpelelieHne TeIula B KOXe, a 3aTeM »J3TO BIMSHHE BKJIKOYAETCS B
MEXAHUUYECKYIO MOJIEIb.

Obcy:kaenne.

MexaHuueckne MOJEIN KOXKM OCHOBaHbl HAa BBIYMCIICHHH B3aWMOCBS3M HalpshKEHHUE-
nepopmarus. [Ipu M3BECTHON 3aBUCUMOCTH, €CIIU TOJIBKO MOJENb JOCTATOYHO IOJHO OTPa)KaeT
peanbHble CBOWCTBA KOKH, CTAHOBHUTCS BO3MOKHBIM NOJ00paTh Takue BETUYMHBI U HAIpPaBJICHUS
nedopmaruii, 4To0bl HANPSDKEHHE OKa3ajoch MHUHUMAJIbHBIM. JTO, B CBOIO O4YepeIb, MOXET
MO3BOJIUTh CIUIAHUPOBATh XHPYPTUYECKOE BMEMIATENbCTBO TaKUM 00pa3oM, 4TOObI 0OJIErduTh
MPOLIECC 3aXUBJIEHMSI CIIUTOW paHbl, MOCKOJIbKY H3BECTHO, YTO Kpas MLIpaMa I[OJBEpraroTcs
pactsikenuto [10]. Onnako, OOJBLIIMHCTBO CYIIECTBYIOIIMX MOJEIEH MOCTPOEHBI TOJIBKO JUIS
JUHEHHOTO0 M30TPOMHOrO MPHUOIMKEHUS, KOTOpOe, KaK OYEBHIHO M3 aHallM3a CTPOEHUS KOXH,
CWJIBHO PacXOJUTCs ¢ JEMCTBUTEIBHOCTBIO. BMecTe ¢ TeM, y4eT HETMHENHOCTH U OPTOTPOMHOCTH
KOXH MPUBOJINUT K 3HAYUTEIILHOMY YCJIOKHEHUIO BHIYUCIICHUH, BHIITIOTHAEMBIX HA OCHOBE MOJIEIH.

Taxke, B HacTosllee BpeMs, CYHIECTBYeT HE TaK MHOro paloT, KOTOpBIE MOCBSIIEHBI
MOJICIIMPOBAHUIO pocTa Koxu. Hanbosee mokazarenpHa Moielb, onucanHas B padote [10]. Ee cyTs
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3aKJII0YaeTCsl B pasJejeHUM rpanueHTa nedopmanuu F  Ha JBe MYNbTHIUIMKATUBHBIC YacTH,
OTBETCTBEHHBIE 32 IIACTHYECKYIO 0OpaTtuMyto aepopmanuro ( F, ) u neobpatumsiii pocr ( F, )

F=F.F, (5)

3aTeM, MCHOJb3Yyd YpPaBHEHHE HENPEPHIBHOCTHM MACChl C MCTOYHHUKOM MacChl B IpaBOM
YaCTH, UMCIOIIIUM BU/I:

R, = potr (F, F, %), (6)

rac ,00 - INTIOTHOCTBb KOXKH,

Fg - IIPOU3BOAHAA 110 BPEMCHU OT I'palUCHTA ,Z[e(l)OpMaLII/II/I, OTBCTCTBCHHOI'O 3a POCT KOXH, a

TaKXke TepMOJUHAMUYECKOE ypaBHEHHE [ elbMrosiblia U HEKOTOpBIE JIONOJIHUTENbHBIE YCIOBHS,
aBTOPBI YMCIIEHO PEIIAIOT MOJTYYEHHYIO CUCTEMY YpaBHEHUH.

B pe3ynbraTe KOMIbIOTEPHOTO MOJECINPOBAHUSI OBLIIN MOIYUYEHBI CIEAYIOIINE PE3YIbTaThI (puUC. 2).

.........

o0t
wipest

poct

VI THHHOCT S

(,lll\‘L HICARHOC VRCINYCHNC TL30060m

(.00 (0.20 (.40 0.60 (),80 1.06)

Hopyuposanioe spess

Pucynok 2 — 3aBHCHMOCTB TPUPOCTA TUIOIIAAN KOKHOTO IMTOKPOBA OT BPEMEHH

[Topsimok KpHUBBIX CHU3Y BBEPX: 3JACTUYECKas KOMIIOHEHTA YBEJIIMYCHMS, YBEIIMUYCHHUE 3a
CYeT pocTa KOXH, o0t mpupoct. [locneaHeit mTpuxoBaHHOW JIMHUEH OTMEYEH MOMEHT CHSITHS
Harsokenust [10]. [lanHas Mojeiab XOpOIIO YYHUTHIBAET TEPMOIMHAMHUYCCKHE M HETHMHEHHbIC
CBOMCTBA KOXH, OJTHAKO, €€ HEJOCTATKOM SIBJISIETCSI M30TPOITHOE TTPUOIIMIKEHHE.

BbBIBO/IbI

Paccmotpennble Moaenu (pyHKIMOHUPOBAHUS KOXH 00Ja/1al0T TAKUMH IPEUMYILEeCTBAMU:
YUYET peaIbHOr0 CTPOEHUS KOKH, OTHOCUTENbHAS IPOCTOTA BBIYUCIUTENBHON peann3anuu. OqHaxo,
CPaBHUTENBHO c1a00 pa3pabOTaHbl METOABI, PEAIU3YIOIIME TaKUe CBOHCTBA KOXKH Kak
HEJIMHEHHOCTh M aHU30TPOIHOCTH (TMpUYEM He TOJBKO 1O JuHMAM JlaHrepa, HO W TIO
PacroJOKEHUI0 KanwuIsipHOM ceTku). Takum oOpa3oM, TEpCHEKTUBHBIM HANpaBICHUEM
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HCCIIEA0BAHUM SBIISETCSA IPUMEHEHHE JIaHHBIX MOJX0I0B K MOJEIMPOBAHHIO IIPOLIECCA PACTKEHUS
KOXHM BO BpPEMsI ONEPALMU AKCIAHAECPHOM NEPMATEH3UU C YUETOM pEealbHBIX I1apaMETPOB KOXKU.
[Ipu sTom HaOmoneHue oOpabaThIBAEMOro ydacTKa B HH(paKpacHOM JAMAana3oHe IO3BOJIUT
paccuuTaTh COOTBETCTBHUE TEPMOMEXAHMYECKOW MOJAENU ACUCTBUTEIbHOCTU. MojaenupoBaHue
AJIACTHYECKUX CBOMCTB KOXKM TO3BOJHUT YUYUTHIBATh (PYHKIIMOHAIBHBIE OCOOCHHOCTH TIpH
SKCIAHJEPHOM JE€pPMAaTEH3MM M NPUMEHEHUE TAaKUX MOJENEeN €€ B IUIACTUYECKOW XUPYpPruu
II03BOJIUT IPOBOJUTH KOMIIBIOTEPHOE IUIAHUPOBAHUN ONEPATUBHBIX BMEIIATENBCTB IIPU JICUEHUU
0’KOT0B, COKpAIaTh BpeMs peaOMIINTAlluU U YMEHbBIIATh PUCK OCIOXKHEHHIHA.
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Kiriak A. O., Kokorev A. E., Avrunin O. G., Sorochan E. N.

A REVIEW OF MECHANICAL AND THERMODYNAMIC MODELS OF HUMAN
SKIN IN THE CONTEXT OF PLASTIC SURGERY

The purpose of the work is to review existing skin models based on its various properties:
mechanical, thermodynamic, as well as skin growth models under the influence of external tension.
The simplest model of structure of skin is an angiosomal theory. According to this model, a human
body is divided by the separate three-dimensional areas, fed by the separate branches of arteries.
There are three approaches to modeling the mechanical properties of the skin. The advantages and
disadvantages of these models are noted. The question of the use of modeling in the field of plastic
surgery, in particular, expander dermatension, is discussed. Mathematical modeling of skin growth
is considered. It is noted that mechanical models of the skin are based on calculating the stress-
strain relationship, and with a known dependence, if only the model fully reflects the real properties
of the skin, it becomes possible to select such values and directions of deformations so that the
stress is minimal. The considered models of skin functioning have the advantages of taking into
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account the real structure of the skin and the relative simplicity of the computational
implementation. However, methods that implement such skin properties as non-linearity and
anisotropy (along Langer lines and the location of the capillary network) are relatively poorly
developed. At the same time, it is necessary to apply these approaches to modeling the process of
skin stretching during an expander dermatension operation, taking into account real skin
parameters. A promising approach is the use of thermal imaging diagnostics for imaging blood
vessels in the process of balloon therapy. At the same time, observing the treated area in the
infrared range will allow calculating the correspondence of the thermomechanical model to reality.
Modeling the elastic properties of the skin will allow to take into account the functional features of
expander dermatensia and the use of such models in plastic surgery will allow computer-aided
planning of surgical interventions in the treatment of burns, reduce rehabilitation time and reduce
the risk of complications.

Keywords: skin modeling, angiosomal theory, Langer lines, biothermal equation, skin
growth, computer surgery planning.

Kipsk A. O., Kokopes A. E., Aspynin O. I'., Copouan O. M.

orjsaa MEXAHIYHUX I TEPMOJINHAMIYHUX MOI[EJIEIZI IIKIPU
JIIOAUHU B KOHTEKCTI IVIACTUYHOI XIPYPI'TI

Pozenaoaromeca  nioxoou komn'tomeprnoco naamysamHs JIKYBAHHSA ONIKI@ HA OCHOBI
MAMeMamuyHo20 MoO0en08anHs 0iopi3uyHUX 61acmusocmeri WKipU 3a 0ONOMO20K0 MEXAHIYHUX
Mooenel, Wo 8paxo8yoms NPYIHCHI [ e1acmudti 61ACMU8OCmi WKIPU a MaAKOHC MepMOMEXAHIYHUX
MoOenel, sKi 8paxosyloms mepmopezynayito mkanun. Haeedeno cmucnuti 02110 cy4acHux ysenens
npo 0y008y I (DYHKYIOHY8AHHA WKIpU JIOOUHU 3 0COOIUB0I0 Y8a20K0 00 0OVO08U KPOBOHOCHOL
cucmemu. Bioznauaromwvca nepesazu i medoniku danux mooenei. Q62080prOEMbCsi NUMAHHL NPO
3ACMOCY8AHH  MOOEN8AHHs 6 00aacmi  niacmuyHoi  xipypeii, 30Kpema, eKCnaHOepHOI
OepmameHn3ii. Posenadaemvca mamemamuyne MO0eno8anHs pocmy wikipu. Biosnauaemwvcs, wjo
MEXaHIyHi MOoOeNl WKIpU 3ACHOBAHI HA O0OYUCNIEHHI 83AEMO38'A3KYy Hanpyza-oegopmayis i npu
BIOOMIll 3ANEAHCHOCMI, AKUWO MINbKU MOOelb 00CUMb NOBHO GI000PANCAE pedalibHi 81acmuocmi
WIKIpU, CMAE MOMCIUBUM NIOIOpamu maxi eeluyuHu I Hanpamxu oOegopmayiti, wob Hanpyea
8UABUNOCS MIHIManbHUM. Mooeni ¢pynKyionysanHs wKipu mMaroms nepesazu w000 OYiHKU peanrbHUux
eracmugocmetl WKipu i 8iOHOCHOI0 NPOCMOMOI0 00uuUCI08ANbHOI peanizayii. OOHaK, NOPIBHAHO
cn1abo po3pobreni mMemoou, wo peanizyiomv Maxi 61ACMUBOCMI WKIPU 5K HeNIHIUHICMb |
anizomponHicms (3a JniHiamu Jlaneepa i posmawiyéanHio Kaninaproi mepedci). Ilpu yvomy
HeoOXIOHUM € 3aCMOCY8AHHA OAHUX NIOX00I8 00 MOOeN08AHHS NPoOYecy po3ma2Yy8aAHHs WKIpu nio
yac onepayii eKcnamoepHoi OepmMameH3ii 3 YpPAxXy8aHHAM PealbHUX NApamempis WKipu.
IlepcnexmusHum nioxo0om € 3acmocy8anHs Memooié meniosizilHoi diaeHocmukuy 0is 8i3yanizayii
cyoun 6 mpoyeci banonnuu mepanii. Ilpu yvomy cnocmepedsicenus 00poONOBAHOI OLIAHKU 8
iHppauepsonomy  Odianazoni  003601UMb  PO3PAXYBAMU  AOEKEAMHICMb  3ANPONOHOBAHOL
mepmomexaniunoi moodeni. Modenroganna enacmudHux —racmueocmel WKIpu  00360]UMb
8paxo8ysamu hYHKYIOHANbHI 0COOIUBOCIT NPU eKCNAHOEPHOI 0epMameH3ii | 3aCmocy8aHHs MAKUX
Modeneu & NAACMUYHOI XIpypeii 003601umb NPOGOOUMU KOMN'tomepHe niaHysamnb OnepamueHux
emMpy4aHvL npu JIKY8aHHI ONIiKie, CcKopouygamu wac peadinimayii ma 3MeHULy8amu pusuK
VCKIAOHEHb.

Knrwouoei cnoea: moodeniosanns wkipu, auveiocomumas meopis, niHii Jlaneepa, pieHAHHSA
biomenaa, picm wKipu, KoMn romepHe NiAHY8AHHS XIPYPIUHUX 6MPYYAHD.

PexomennoBana k mybnukanuu: A. Gpus.-MaT. HayK, pod. beix A.U.

Crarbs npussra 14.09.2019 r.

177



